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Abstract: This study presents a designated flipped classroom (FC) mathematics environment that
utilizes a unique online platform designed for Arab minority students in Israel. It investigates how
studying in an FC affects conceptual understanding and motivation to study mathematics among
Arab high school students. The study also explores the factors that contribute to effective learning
in the FC environment. Participants were 75 Arab high school students in 10th and 11th grades who
studied advanced mathematics. Each grade group was randomly divided into two subgroups: an
FC group and a traditional classroom group (comparison group). Quantitative questionnaires given
before and after the learning program served to measure students” motivation and conceptual un-
derstanding of the derivative and integral topics. Additionally, a random sample of students who
studied in the FC group and the teacher who taught all the groups were interviewed. The study
describes the positive effect an FC environment has on students” conceptual understanding, partic-
ularly for 11th graders. The participants mostly appreciated how the FC resulted in less lecturing in
class. The study contributes to the literature about FC among minorities and contributes to national
and international efforts being made to reduce the gap in mathematics achievements between mi-
norities and other sectors.

Keywords: flipped classroom; Arab minority; mathematics learning; conceptual understanding;
motivation

1. Introduction

Mathematics standards, e.g., [1,2], emphasize the importance of mathematics as a
core subject for other disciplines, particularly in science, technology, engineering, and
mathematics (STEM) domains. An effective STEM education relies essentially on strong
mathematics teaching. The mathematics education that students receive in schools pro-
vides them with the tools that can be applied in solving diverse STEM problems in their
future studies and careers [3], as in the case of derivatives and integrals and their pro-
found application in chemistry and physics problems [4]. In this context, the authors of
[5] described mathematics as “a gateway to many scientific and technological fields”.
These standards recommend adopting learning methods and strategies that put students
at the center of the learning process instead of the teacher. In the context of mathematics
learning, students should be able to explore mathematical concepts and notions autono-
mously in order to reach a conceptual understanding of mathematics [6,7]. Conceptual
understanding is considered critical for obtaining a thorough understanding of underly-
ing and foundational mathematical concepts [6,8]. Although this helps students under-
stand why mathematical ideas are important and useful in various contexts [9], extensive
evidence in the literature shows that motivation is one of the most essential factors for
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students’ learning and performance, particularly in mathematics [10]. Although motiva-
tion, particularly intrinsic motivation, is an important prerequisite and mediator of learn-
ing and achievement, it is often lacking in many mathematics’ students [11].

Technology can contribute greatly to increasing students’ self-engagement and mo-
tivation towards STEM education, and mathematics in particular. One way in which tech-
nology is employed in education is through flipped classrooms (FCs), in which teachers
use technology to deliver lectures and different materials to their students while they are
outside the classroom [12]. An advantage of flipping the mathematics classroom is the use
of a technological environment that can be available to everyone, which has the potential
to make mathematics more accessible to all. This is especially significant for minority stu-
dents who often lack access to excellent teachers or to advanced learning resources. In the
Israeli context, the last results of the PISA study reported gaps between Arab and Jewish
students in their achievements in STEM fields, and in mathematics in particular [13]. The
Arab society in Israel constitutes about 21% of the general population. Due to the low
socioeconomic level of a large percentage of the Arab population, they often lack adequate
technological infrastructure and have only partial access to computers and therefore are
characterized as having a low level of digital literacy. The COVID-19 pandemic has wid-
ened these gaps between Arab Israeli students and their Jewish counterparts even further
[14]. Another important advantage of the FC in mathematics learning is its affordance of
massive exercising during class [12]. Exercising in mathematics is considerably significant
as it provides students with the ability to precisely process algorithms, procedures, and
routines that further serve as a basis for solving more complex problems [15,16].

Several studies describe the advantages of the FC, while others discuss the challenges
it poses. Further research is needed to investigate learning in this environment and its
effects on students” mathematical conceptual understanding and motivation, particularly
in high school. Moreover, due to the lack of research on the Arab population, not enough
is known about the effects of flipping the mathematics classroom in this minority group.
The current study aims to explore the effects of integrating an FC mathematics learning
environment (bscool.com) on Arab high school students’ conceptual understanding of
mathematics and their motivation to study advanced mathematics. In order to reach con-
clusions about the advantages of integrating a flipped learning environment, the study
explores the progress of a comparison group that studied in a traditional learning envi-
ronment. The current study compares two age groups, namely 10th and 11th grade stu-
dents, who study advanced mathematics (5 units), which is usually the choice made by
students who excel in mathematics.

We chose students who studied mathematics on an advanced level because success
at this level was found to be a strong predictive variable for future studies and employ-
ment in STEM fields [17]. The groups of students selected are in the critical stage of their
studies, as Israeli students are explicitly prepared for the matriculation exam in mathe-
matics starting from the 10th grade. The following sections provide a literature review
about the flipped classroom, while presenting its benefits and challenges. We then review
the literature about mathematical conceptual understanding and motivation to study
mathematics and how they relate to studying in an FC environment.

1.1. Flipped Classroom

Contrary to the traditional approach in which the teaching process takes place inside
the class via traditional, face-to-face lectures, in the flipped classroom approach, the ma-
terials and educational content are provided for students via technological means. The
students learn the material while they are outside the classroom, and class time is mainly
devoted to practicing that material [18,19]. This approach has two main components. One
is out-of-class, independent learning using a variety of technological tools such as filmed
lectures, presentations, computer simulations, and online tasks, which students can use
to independently learn the content before attending class. The second component is inter-
active lessons that take place in the classroom and focus mainly on active learning through
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collaborative exercises and problem solving to achieve meaningful learning [20]. The
flipped classroom approach is a method in which the student is at the center of the learn-
ing process, rather than the teacher [21,22]. The knowledge acquisition process is the re-
sponsibility of the student, who is required to independently learn the content before class
and come to class prepared to complete the collective learning process.

1.2. Benefits of the FC Approach

Flipping the classroom gives the students the opportunity to learn and study the ma-
terial at home so that the in-class lessons can be used mainly for interactive and coopera-
tive learning activities with the teacher [23]. This approach provides the students with all
the content material they need to learn before class. As a result, the teachers can devote
most of their classroom time to practicing and helping their students master mathematical
procedures and skills, which results in a more comprehensive and profound understand-
ing of the material [24]. Proponents of this approach claim that it enables better use of
class time [21,25,26] and helps teachers focus on the individual challenges faced by each
student [18], explore different misconceptions, and provide deeper clarifications about in-
correct notions. The increased interaction between teachers and their students that occurs
when inverting the classroom enables teachers to identify the individual problems en-
countered by their students and to put more effort into helping them [23,27]. In the book
Flip Your Classroom: Reach Every Student in Every Class Every Day [18], the authors state that
the FC method allows teachers to dedicate a significant amount of class time to roaming
around the classroom, monitoring their students’ learning and engagement, assessing
their comprehension, and thereby providing appropriate assistance to their diverse needs.
Students in flipped classrooms receive an education that is adapted to the different indi-
vidual difficulties they encounter.

In order to master mathematical skills, students must adopt an excessive exercising
routine, in which they need to solve an extensive amount of mathematical problems. Of-
ten, excising is considered time-consuming, as teachers are busy with trying to cover the
content of the curriculum, and thus students are asked to work independently on exercises
out of class or during class time when the teacher consults individual students [16]. How-
ever, in the FC, due to the extensive amount of time allocated for problem solving and
exercising during class, students can not only have more time for exercising, but also
demonstrate their understanding of a certain subject to their teacher, thus allowing the
teacher to adapt the exercises to specific students’ needs or reduce the load of these stu-
dents’ class and/or homework assignments. On the other hand, the teacher can identify
the students who struggle with certain material and perform poorly when solving in-class
assignments and thus provide these students with the individual assistance they need.
This approach can also be beneficial for students as it makes the material readily available
for them. They can access it repeatedly and view the filmed lectures as many times as
needed to reach a full understanding of the material [23,27]. Moreover, students can ben-
efit from two significant advantages of filmed lectures, namely “pause” and “rewind”.
These features allow students to stop the video whenever they need to or rewind it so that
they can take notes or get a better understanding of a specific part [18]. Contrary to the
traditional learning approach in which students hear a lecture only once and must listen
carefully to the teacher and take notes at the same time, in the FC approach, students can
decide on the learning pace that is most appropriate for them in order to reach a compre-
hensive and complete understanding of the recorded lecture [28].

1.3. Challenges of the FC

Some studies showed that the flipped classroom can be challenging in several ways.
One is the technological aspect, which is based on the premise that both teachers and stu-
dents have access to the technological tools they need at all times [23,29]. Some students
express antagonism towards innovative learning environments and prefer not to learn in
an FC at all. Instead, they feel more comfortable with the traditional learning approach
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[23,27]. This can be attributed to several factors, such as their poor grasp of this uncon-
ventional learning method [23] or the need for more detailed instructions to understand
how the FC works. Another possible inhibitor is that it requires students to be aware of
their duties as learners and of the responsibility they must take for their own learning in
the FC approach [29]. Furthermore, students may find it difficult to understand a new
learning unit by themselves, without the teacher’s assistance, as they are accustomed to
in the traditional classroom [29]. Flipping the classroom might also be challenging for
teachers who have limited computer expertise or who lack the skills needed to prepare
online, out-of-class materials, and particularly instructional videos [23,29]. The process of
producing filmed content can be challenging, particularly since it requires teachers to
properly and wisely determine the optimal length and quality of their videos for effective
learning, in addition to investing time in producing the video [23,29].

1.4. Students’” Conceptual Understanding of Mathematics in the Flipped Classroom

The National Council of Teachers of Mathematics [2] (p. 7) defined mathematical
conceptual understanding as “the comprehension and connection of concepts, operations,
and relations”. According to this definition, instead of teaching concepts and operations
as unrelated fields, teachers should use methods and techniques that build connections
between them in order to develop students’ conceptual understanding [7]. Derivatives,
for example, are a subject that most students usually have difficulty understanding and
applying [30-32]. Despite being able to solve differentiation problems accurately, students
do not fully understand how the derivative relates to its different definitions and repre-
sentations such as the rates of change, slope of tangents, and limits [32,33]. Typically, most
students perceive derivatives as a large number of differentiation rules without apparent
reason or justification [33,34]. Therefore, it is of great importance to focus on improving
students’ conceptual understanding of this topic. In the book Calculus from Graphical, Nu-
merical, and Symbolic Points of View [35], the authors introduced the derivative concept by
discussing three representations: First, they referred to it as the rate of change of a function
at a specific point on it, which refers to the limit of the average rate of change in the sur-
rounding of this given point. Then, they introduced derivatives as the slope of the tangent
line in a specific point on the function, and they concluded by presenting the rules of com-
puting derivatives. In [36], it was shown that students would succeed in understanding
the concept of derivatives if they were able to successfully develop its different definitions
and representations, i.e., the rate of change, the slope of the tangent line, the limit, the
rules.

Another example is the concept of the definite integral. Several studies have reported
that the indefinite integral is generally correlated with computing the area under a curve
[4,37-39]. Different research studies show that students face no serious problems or chal-
lenges in computing the definite integral of a variety of functions based on the integration
rules given in theory [4,40—43]. The study presented in [44] reinforces the previous state-
ment, yet indicates that students perceived the symbolic and verbal definition of this con-
cept as quite challenging. When the result of the definite integral comes out negative, stu-
dents are not able to explain the meaning of negative areas [38]. Although this implies a
high level of procedural understanding, it indicates an impaired conceptual one [4,37].
Conceptual understanding is described as an essential building block for mathematical
fluency. Sometimes, it is referred to as conceptual knowledge, as it refers to obtaining an
in-depth knowledge of the basic and fundamental mathematical concepts, which helps
students comprehend the functionality behind these concepts [45]. In line with this defi-
nition, conceptual understanding can be evaluated based on the student’s ability to exem-
plify concepts, provide accurate examples, introduce a variety of mathematical represen-
tations, create connections with other concepts, and implement the functionality of the
concept [45]. Several researchers demonstrated that learning mathematical algebraic op-
erations without understanding their connection with the relevant mathematical concepts
has a negative effect on learning and understanding mathematics [46].
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The FC approach was found to be effective for a variety of students, including high-
and low-achieving students, as this method allows the teacher to address students more
individually in class and to offer them extra, detailed instructions, thus helping them bet-
ter understand the mathematical concepts [47]. The main goal of the out-of-class resources
available to students using this method is to provide them with a basic understanding of
the mathematical concepts at an initial stage and then enhance that understanding
through explanation and clarification of these mathematical concepts in the classroom
[48]. In this case, the active and collaborative learning done in class facilitates teamwork
and encourages massive exercising, as students solve problems with their classmates [26]
and actively produce the knowledge they need to complete their assignments [12].

1.5. Students” Motivation in Flipped Classrooms

Motivation is considered a crucial element that causes, initiates, and sustains success-
ful learning over time [49-51]. According to [52], “to be motivated means to be moved to
do something. A person who feels no impetus or inspiration to act is thus characterized
as unmotivated, whereas someone who is energized or activated toward an end is consid-
ered motivated” [52] (p. 25). Particularly, a student’s motivation refers to their readiness
and willingness to play a serious role in the learning process [53]. The self-determination
theory presented by the authors of [54] highlights that motivation can emerge from expe-
riences of autonomous learning. They differentiate between two types of motivation —
external and internal. External motivation involves fostering students and encouraging
them to act a certain way because of an external motive, such as receiving a reward or
avoiding a punishment [54]. Internal motivation refers to the intrinsic interest and value
attributed to a certain task. It is considered a motivating factor for students towards ful-
filling a learning goal and therefore can play a substantial role in students’ performance
and learning processes [10,55]. This is particularly true in the mathematical context, in
which students often lack motivation [10]. The importance of motivating students toward
mathematics learning is recognized as a way to improve their understanding. There has
been much research into the relationship between cognitive, motivational, and affective
factors, as well as the role of context in supporting students” motivation [56,57].

Researchers suggested that encouraging active and collaborative learning in class, for
example by raising topics for discussion, participating in discussions, and working in
groups, can highly contribute to increasing students’ internal motivation towards mathe-
matics learning [55]. Research shows that in the FC environment, students appear to be
more satisfied, enjoy inverting their classroom, and cooperate better with both their teach-
ers and peers [23,27,29,58], especially as this learning approach allows them to do their
assignments at school along with their classmates and teacher, rather than at home as it is
commonly accepted [59]. It is essential to emphasize that in order to ensure the success of
the flipped classroom approach and to support students’ motivation to study in this envi-
ronment, students must independently complete the required work before they come to
class [28]. Otherwise, they will not gain the maximum benefit from the active cooperative
learning that takes place in the classroom [60,61]. Several researchers claim that in addi-
tion to the need for higher autonomous learning and communication skills, students’ will-
ingness to participate in online learning is essential for their motivation to learn in flipped
classrooms [60,61]. As the preparations required of students in this case place an addi-
tional burden on learners compared to the traditional method [21,62], it certainly requires
them to be highly motivated to complete them. Students who struggle with managing and
controlling their online learning experience, and therefore come to class unprepared, are
not likely to gain any benefits from this learning method [61]. In the traditional learning
approach, students are mainly expected to attend their classes and listen to the lectures
given by their instructors without prior preparation at home. Thus, motivation is a fun-
damental key for meeting the in-class and out-of-class requirements of the flipped class-
room. Given the above, the present study addresses the following research question: will
students’ conceptual understanding and motivation to study mathematics change over
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time, i.e., before and after studying an advanced mathematical learning unit? This re-
search question is investigated by comparing Arab high school students who study in the
FC environment using the bscool.com platform with students who study in a traditional
learning environment and comparing students in 10th grade with those in 11th grade.
Additionally, we explore how any differences found can be explained.

2. Materials and Methods
2.1. Context of the Study

The study was conducted within the framework of an extracurricular program at a
private institute called Alkhawarizmi Institute of Languages and Mathematics, located in
central Israel. Its target audience is Arab students, since it offers a large variety of educa-
tional courses in the three languages taught in Arab schools: Arabic, Hebrew, and English.
Alkhawarizmi offers extracurricular courses and lessons in a variety of fields in addition
to mathematics. The courses are available to students from grade 4 to grade 12. Each year,
the institute welcomes nearly 1300 students from diverse cities and villages located in
central Israel. One objective for founding Alkhawarizmi is to enrich the mathematical
knowledge and language fluency of students from the Arab sector and contribute signifi-
cantly to reducing the gaps between the performance of Jewish and Arab students in Is-
rael. The monthly tuition at this institute is considered very reasonable compared to the
cost of most private Jewish institutes. To enroll in a course at Alkhawarizmi, students pay
a registration fee that includes two 90 min sessions per week, i.e., eight sessions per
month. To further encourage Arab students to attend these courses and expand their
mathematical knowledge, the institute offers scholarships for students from underprivi-
leged socioeconomic backgrounds. Registration for any math course provides students
with free access to bscool.com, an online platform designed by Alkhawarizmi for Arab high
school students who study mathematics at all levels (from basic to advanced) according
to the Israeli mathematics curriculum.

In the context of mathematics, this institute prepares Arab high school students for
mathematics classes. The main reasons to attend this extracurricular program are to
strengthen mathematical thinking and abilities and to receive more excessive practice than
what is given in school. Moreover, the programs and courses provided by Alkhawarizmi
aim to always be ahead of the teacher in school, so that students who participate in these
programs gain confidence and motivation to learn mathematics. The Israeli math curric-
ulum is taught at three main levels: 3 units, 4 units, and 5 units. These levels vary in diffi-
culty as well as in the density of their contents. The participants in this study were stu-
dents who study mathematics at the most advanced level taught in Israeli high schools,
namely 5 units, which is usually the choice made by students who excel in mathematics.
At this level, the focus is mainly on developing profound mathematical and scientific com-
prehension. This study focuses on two age groups: 10th and 11th grade students. This is
due to the criticality of 10th grade in the context of mathematics studies in Israel. Israeli
students are usually assigned to one of the three levels in 10th grade based on their per-
formance in the 8th and 9th grades and on a comprehensive exam given at the beginning
of 10th grade. In 10th grade, students have the opportunity of switching to a different class
that studies mathematics at a higher or lower level based on their performance during the
school year, and they often take advantage of this time to attempt to earn a seat in the 5-
unit group. The 5-unit final matriculation grade is calculated based on the student’s
grades in two final exams: Exam 806 and Exam 807. Students take the first matriculation
exam (806) in 11th grade, which covers about 60% of all the material taught in the 5-unit
curriculum. The second matriculation exam (807) is given in the 12th grade.

2.2. Research Participants
2.2.1. The Students
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The participants in this study were 75 high school students (40% male) from the Arab
sector who studied advanced mathematics (5 units) in high schools located in central Is-
rael. Of these participants, 36 were 10th grade students, and 39 were 11th grade students.
The participants were randomly assigned to one of two groups: (1) an FC learning envi-
ronment, in which the students learn the mathematical content independently before class
via bscool.com and engage in interactive learning in class, in which time is mainly spent on
collaborative exercises with the teacher and peers, or (2) a traditional learning environ-
ment (comparison group), in which students study via the traditional, face-to-face method
of learning, meaning that they attend class with no previous knowledge about the content
that will be taught that day and count on their teacher to teach them the new material. In
this case, less class time is spent on exercises and much more is spent on lectures. Students
were enrolled in an annual course at Alkhawarizmi institute, in which they were required
to attend classes twice a week. This study investigates a four-week period of this annual
course, in which all the 10th graders studied the learning unit of derivatives and all the
11th graders studied the unit of integrals in accordance with the Israeli curriculum for
mathematics. The participants did not study these subjects in math lessons in school, and
therefore the presumption was that the first time these students were exposed to them
was during this study. These two units were chosen for this study because derivatives are
considered a basis for studying integrals. Students often perceive integrals as the opposite
of derivatives and view the process of solving integrals as a matching game in which they
try to restore the original function [63]. Both are essential subjects that are considered as a
foundation for more advanced mathematical subjects [37], as well as for diverse STEM
topics [64]. Thus, it is crucial that students master these topics [4,32,65]. However, several
researchers have concluded that students struggle with understanding concepts such as
integral, derivative, and function [4,66,67].

2.2.2. The Teacher

Saeed Watad, a mathematics teacher with approximately 25 years of experience,
taught the students in both learning environments. He is the teacher who appears in the
filmed lectures on the bscool.com platform. Watad is the founder of both bscool.com and
Alkhawarizmi institute.

2.3. Research Environment
2.3.1. The Physical Setting

Two research environments were used in this study: an FC learning environment
comprising two main settings, one physical and one online (bscool.com), and a traditional
learning environment in the same physical setting as the FC environment. This section
describes the physical settings used for both learning environments and the online plat-
form bscool.com, a unique FC learning environment developed for Arab high school stu-
dents. This study explores two math courses provided at the Alkhawarizmi Institute, one
on derivatives (for 10th grade) and one on integrals (for 11th grade). Each course was
taught by the same teacher, but using two different approaches for learning: FC vs. tradi-
tional. Students in the FC learning environment were asked to prepare the content before
class by watching filmed lectures on bscool.com, taking notes on what they watched, and
completing an assignment. To ensure that the students were committed and taking the
program seriously, the teacher would roam around the classroom at the beginning of each
lesson to check the students’ notes, glance at their solutions to the given assignment, and
provide brief feedback if needed. The rest of the lesson was spent mainly on problem-
solving exercises, asking questions, correcting misconceptions, and participating in dis-
cussions. In the traditional learning environment, the teacher also began the lesson by
wandering around the classroom to check that students had completed the homework
assignment they had been given (which was similar to the assignment given to their coun-
terparts in the FC environment) and to provide the students with appropriate feedback.
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However, the remaining time was devoted to teaching the new material, mainly in a lec-
ture, with few problem-solving exercises.

2.3.2. The FC Online Setting

The online component of the FC learning environment was bscool.com, an online
platform designed for Arab students in 9th—12th grades who study mathematics accord-
ing to the Israeli curriculum. This online platform contains comprehensive materials for
students in this age group, at all high-school mathematics levels. When signing in to
bscool.com, a menu with four math levels (3 units, 4 units, 5 units, and material for the
9th grade) opens. Students choose a level according to the one they study at school and
receive access to different subfolders that list all the main subjects required by the Israeli
curriculum for mathematics. When students click on a specific subject, another list of sub-
subjects appears. Each subsubject is a list of filmed lectures lasting about ten to fifteen
minutes each. These videos were filmed in a professional studio and produced by a pro-
fessional photography and editing team. In addition, bscool.com offers a large collection
of matriculation exams at all levels, accompanied by detailed solutions (written or filmed).

The following figures show examples of screens that teach derivatives for 10th grad-
ers who study at the 5-unit level of mathematics. Once they sign in, students can choose a
course to enroll in, in this case 5 units (see Figure 1). A page opens, presenting two sub-
folders—806, for 10th and 11th grades, and 807, for 12th grade. Choosing the 806 folder
(see Figure 2) leads the students to the relevant subjects taught in this section of the test.
The lessons shown in Figure 3 include an introduction to the subject of derivatives, expla-
nations about the different sections in this subject, examples, and solutions for many ex-
ercises. Specifically, the subunit called “derivative of polynomial function” includes sev-
eral videotaped lectures such as an introduction of the derivative concept, its meaning,
and how to deal with it in linear functions; an introduction to the differentiation law in
nonlinear functions; and an introduction to the laws of differentiation of the polynomial
function in the case of multiplying or dividing by a number. In addition to solving exam-
ples in finding the slope of the polynomial function at different points, this unit presents
the solving process of a variety of examples of finding the tangent line equation of the
polynomial function or finding the tangent line equation including a parameter. The sec-
ond subunit in the derivative section is the analysis of a polynomial function which con-
sists of different filmed lectures such as identifying the extreme points of the function and
their different types, the differences between open and the closed domains, and how to
find the extreme points and ascending and descending areas of a function based on a
given graph or the first derivative.
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Figure 1. Homepage, bscool.com.
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Figure 3. Filmed lectures about different subsubjects of Derivatives.

As students choose what subunit they would like to learn, a filmed lecture starts
playing, as shown in Figures 4 and 5. In these figures, the teacher, Watad, appears in a
filmed lecture in which he presents an example of a compound mathematical problem
that requires him to find equations of the tangent lines of a function in different points.

Figure 4 below describes a complex problem in which the function y = x? — 4x is
given and the students are asked to find (a) the equations of the tangent lines of this func-
tion at points of intersection with the x-axis and (b,c) the equation of normal line at the
same points found in section a.

Figure 5 represents an illustration of Figure 4; it further presents a detailed solution
of the exercises given in the filmed lectures about finding the tangent line equation of a
given polynomial function.

In the filmed solution of this exercise, Watad explains to his students the different
stages for approaching such a problem. First, students need to find the points of intersec-
tion with the x-axis. Then, in order to find the equation of the tangent lines in these two
points, students must apply its relation to the derivative in the solution. They must use
the derivative to compute the slopes of the tangent line in the different points and subse-
quently find the full equation. Finally, when mentioning the normal line, students must
notice the meaning of it, i.e., its slope must be negative reciprocals of the tangent line; thus,
they can continue with procedurally solving the problem.
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Figure 4. Watad, the teacher, in a filmed lecture that explains how to solve an exercise with a tangent
line equation and how this relates to the function’s derivative.

> )
s | |
W JX = —
:/ //'/.y y New -2 -
| Wwe, X7 = ﬁ
‘ \ K ar I ( H
\\/‘;G’:".c»—q N-, -
}’;wu ‘\.“\ - \\-—O'-"’
\ | v —— L
. U M\l\i\ W= 4x-1
v il =
7% NS = \“b( Xe) kN (2
Voo R A AT e “
)0 -d) X
o0~ X -4x Y v
©  X(hey) Y ~-4x ¥ ok
e 2 ~ < -~ O
e ko
X A-4<q \x o \
(N X=y NI
£ \
(',0\

Figure 5. Watad, the teacher, in a filmed lecture that presents the solution of the exercise presented
in Figure 4.

2.4. Research Tools

In this study, both quantitative and qualitative research tools were used. These in-
cluded pre- and post-learning questionnaires that measured the students’ conceptual un-
derstanding before and after completing the derivative or integral learning units (for 10th
and 11th grade, respectively). The pre-learning questionnaire aimed to evaluate students’
previous knowledge about the content they would be learning during this study. In these
questionnaires, the students were asked to define four basic mathematical concepts re-
lated to the learning unit assigned to each grade. The concepts in the 10th grade question-
naire were (1) derivative, (2) extreme point, (3) interval of increase, and (4) domain,
whereas those in the 11th grade questionnaire were (1) integral, (2) antiderivative, (3) in-
tegral constant, and (4) definite integral. These concepts were chosen based on recommen-
dations made by four math teachers with significant experience in the mathematics edu-
cation field, who were asked to express their opinion on the suitability of these basic con-
cepts for assessing the students’ level of conceptual understanding. After an initial agree-
ment was reached about the concepts to use, comprehensive definitions were collected
from two resources for all the above-mentioned concepts. First, the basic definitions were
provided by two books: the book titled Calculus from Graphical, Numerical, and Symbolic
Points of View [35] and an Israeli book titled To Learn and Teach Analytics [68], which is a
mathematical didactical book used by Israeli mathematics teachers. Then, based on these
definitions, several math experts who are qualified high school math teachers with rich
experience in the field, in addition to numerous researchers in mathematics education,
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were asked to provide suggestions for a full definition for each of the concepts. All defi-
nitions were analyzed using Cohen’s kappa for measuring agreement to ensure content
validity and inter-rater reliability of the definitions. The results revealed a value of about
0.9 for Cohen’s kappa for each of the concepts, with more than 80% agreement between
judges. Table 1 below presents the comprehensive definitions provided in the above-men-
tioned process.

Table 1. Comprehensive definitions of the concepts that were provided in the conceptual understanding questionnaire on
the topics of derivatives and integrals.

Subject and Grade Concept Definition

- The rate at which a function changes with respect to a variable at a certain point, which can
be geometrically interpreted as the slope of the tangent line at this point.
- Derivative of function f(x) in a specific point x = x; is the slope of the linear function
which constitutes a linear approximation of f(x) in x = x,.
- Derivative of function f(x) in a specific point x = x, is the slope of the tangent line of the
function in this point (xg, f(xo)).
- Let f(x) be a function defined nearby the point x,. If the infinite limit L =

M’L;_ﬂx"), then L is called the derivative f'(x) of function f(x) in the point x.

Derivative

lim
Ax—0
- The point x = x, is considered a local maximum or minimum of a function f(x), if and
only if (xg, o) is the highest or lowest (respectively) point on the graph y = f(x) nearby
this point.
- Alternatively, it is called absolute maximum or minimum if it is the highest or lowest (re-
Derivatives spectively) point on the graph y = f(x) compared to all the points on this graph.
10th Grade Extreme point - Let x = x, an internal extreme point of differentiable function f(x), then it necessarily ful-
fills that f'(x,) = 0.
In it, the slope of the tangent line of the function equals zero, thus the derivative must equal
Zero.
- This is a point in which the function changes intervals from increase to decrease or vice
versa.

- Let x, be a point in the domain of the function f(x), we say that f(x) is ascending in this
point if and only if, for every x, > x > x; inthe interval, f(x;) > f(x) > f(xq).
- It is the interval within which the function values increase as the input values increase.
- In this interval, the slope of the tangent line is positive, meaning that the derivative is posi-
tive.

Interval of
increase

- It refers to the entire range of potential values of the independent variable.
Domain - It consists of all the potential x-values that can be substituted in a function and give a valid
output result, that is, a real y-value.

- It refers to all the antiderivatives of a given function collectively.

Integral . . o .. .
& - It is a process of reversing the derivative to go back to the original function.

- Function F(x) is called an antiderivative of a given function f(x) if for every x in its do-
Antiderivative main, F'(x) = f(x).
- It is a process of reversing the derivative to go back to the original function.

- Cis a constant that differentiates all the different antiderivatives of a given function. Thus,
Integrals Integral constant if F(x) is an antiderivative of a given function, then every function that is F(x) + C is an anti-
11th Grade derivative as well.
- Let f(x) be continuous in the interval [a,b] and F(x) be one of its antiderivatives. The
value of F(b) — F(a) is called the definite integral of f(x) above [a,b]. It is symbolized
with [7 f(x)dx:

b
[ reoax =ry - F@
a

- It is used to compute the area under different types of curves.

Definite integral

The second tool used was a pre- and post-learning attitude quantitative question-
naire for measuring students’ motivational attitudes. This questionnaire was based on the
Motivated Strategies for Learning Questionnaire (MSLQ) [69]. In this study, we used the
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factors of interest and value to assess students” motivation in the context of mathematics
learning. The total number of items was seven, presented on a Likert scale ranging from
1 (disagree) to 5 (very much agree). Three of these items assessed students’ intrinsic inter-
est, such as “In math classes, I prefer work that is challenging so I can learn new things”,
and four items addressed value, such as “I think I will be able to use what I learn in this
math class in other classes”.

The third tool was personal qualitative interviews. After the students completed the
derivative or integral learning units, personal interviews were conducted with some of
the students who studied in the FC environment. The participants in the FC group were
contacted to be given the opportunity to be interviewed. From each one of these groups,
roughly 31% of the 10th graders (N = 5) and 25% of the 11th graders (N = 5) agreed to be
interviewed and to express their opinions about their learning experience. Another inter-
view was conducted with the teacher who taught the learning units in both environments.
The average length of each interview was 30 min, and the students were asked 13 open-
ended questions regarding their experience with studying mathematics in the flipped

classroom and about their perceptions of the bscool.com platform, the online component
of the FC.

2.5. Data Analysis
2.5.1. Quantitative Data

The conceptual understanding questionnaire aimed to evaluate students’ under-
standing of different mathematical concepts. Based on the definitions that were detailed
above in Table 1, an initial indicator was created to define what constitutes a complete,
partial, or wrong answer for each concept. It should be noted that despite learning the
formal and comprehensive definitions during the period of the study, students were not
expected to provide perfect answers resembling what was set in this study as expressing
a complete answer (according to experts from the mathematics education field). Thus, few
students’” answers could have been assigned the score of 10. Generally, each answer was
scored on a scale from 0 (wrong answer) to 10 (complete or nearly complete answer). The
scores in between were given for various partial answers. In total, the maximum score for
all four concepts was 40, which was then converted to a percentage scale (0-100) for the
convenience of displaying the data. For example, the derivative concept was defined by
experts as “the rate at which a function changes with respect to a variable at a certain
point, which can be geometrically interpreted as the slope of the tangent line at this point”.
Two possible definitions were considered complete, i.e., referring to the frequency of
change of the function or to the slope of the tangent line, and were given the full score
(10). Other possible answers that represent a partial or incorrect answer were also set in
the rubric. See Table 2 for the rubric that served to assess the definition given for the “de-
rivative” concept. Appendix B presents the other rubrics that served to assess the various
concepts that relate to the derivative subject assigned to the 10th graders and the various
concepts that related to the integral subject, assigned to the 11th graders.
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Table 2. The rubric for assessing students” answers to the concept of “derivative”, within the derivative concept.

Student’s Answer Justification for Scoring Score (/10)

Imprecise and incomplete answer. Does not re-
“The slope of the function” fer to “the tangent line of the function at a cer- 5
tain point”

“Using its derivative, we can determine many details
about a function such as the extreme points and the as- No definition is provided for the concept “de-

cendance or descendance domains, and then we can rivative” 3
sketch it”

“The equation of the tangent line” Incorrect answer 0

“Acceleration of the function” Incorrect answer 0

“The frequency in which the slope changes in a function” Incorrect answer 0

To check the validity and reliability of the indicator, before beginning this study, a
group of 20 10th and 11th grade students (about 10 students in each grade) who did not
participate in this study was asked to define the various concepts after learning the deriv-
ative or integral units for the first time at Alkhawarizmi. The answers given by this small
sample of students were evaluated by consulting with experts in mathematics education
and with several mathematics teachers to make sure that the indicator accurately assesses
students” conceptual understanding. This process yielded a Cohen’s kappa value of 0.85-
0.90 for all concepts, with more than 80% agreement between judges.

Finally, after quantifying all the data collected using the conceptual understanding
tool, several statistical analyses, particularly analysis of variance, were used to compare
the differences in the conceptual understanding demonstrated by the FC and comparison
groups before and after studying the different learning units. Additional ANOVA analy-
sis with repeated measures was conducted, aiming to examine differences in students’
conceptual understanding over time, while comparing the FC and the comparison groups
(see details in the Section 3).

Like the analysis of the conceptual understanding data, all the data collected from
the quantitative pre- and post-learning attitude questionnaires for assessing students’” mo-
tivational attitudes were analyzed using ANOVA statistical analyses, particularly
ANOVA with repeated measures.

2.5.2. Qualitative Data

The qualitative data collected during the interviews were analyzed in two phases.
The first was thematic analysis (Creswell, 2014), in which we started by searching for re-
curring themes that appear in each of the three groups that were interviewed, i.e., 10th
graders, 11th graders, and the teacher. The second phase applied directed content analy-
sis, which involved quantification of the recurring answers in each category. Using a
quantification table, we were able to present the number of students who made references
to the various themes.
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2.6. Procedure

The current study was held at Alkhawarizmi over a period of four weeks in Novem-
ber and December 2019. During the research period, students from both groups attended
classes twice a week, for a total of eight 90 min lessons. Both the comparison and FC
groups met in the same physical setting, while the FC group also had access to the
bscool.com online platform for out-of-class lessons and practice. The first lesson for the FC
group was mostly an introduction to the FC learning approach, including an explanation
of the expectations of the students (independently watching filmed lectures, taking notes,
and completing assignments). The students were also given a short introduction about the
current study and its goals, i.e., to explore methods for learning advanced mathematics.
They were introduced to the bscool.com online platform and were given detailed explana-
tions about the new learning experience they would undergo during those four weeks.
They were instructed how to access the learning materials they would be studying at
home to prepare for the next class. Towards the end of the first lesson, the students were
asked to complete the conceptual and motivational prequestionnaires. The next lesson
and the remaining ones were dedicated mostly to practicing and exercising the learning
materials. Students were required to watch the relevant filmed lectures at home on
bscool.com before the lesson, so that class time could be used to answer students” questions,
clear any misunderstandings, and provide further clarifications and explanations as
needed. During class time, students were also given a set of exercises to work on collabo-
ratively in groups and with their teacher’s guidance. In addition to receiving an assign-
ment to complete at home, they were also instructed to independently watch several new
filmed lectures before the next class. Finally, in the final lesson, the students were asked
to complete the conceptual and motivational postquestionnaires in class.

For the comparison group, the first meeting included a short introduction about the
study (similar to that of the FC), and students were asked to complete the conceptual and
motivational prequestionnaires. During that lesson, the teacher began teaching the rele-
vant learning unit (derivative or integral). In the remaining lessons, the students came to
class to listen to their teacher’s lectures, take notes during the lectures, copy what was
written on board, see different examples, ask questions, and do several exercises in class
if time allowed. At the end of each lesson, students from the comparison and FC groups
received the same worksheet to complete at home. In the last lesson, the students were
asked to complete the conceptual and motivational postquestionnaires. The following fig-
ures show timelines that illustrate the eight-lesson research procedure used for the 10th
graders who participated in the FC group (Figure 6) and the 10th graders who participated
in the comparison group (Figure 7). The process was identical for the 11th graders in both
learning environments and differed only in the content taught. In both figures, the lessons
that took place at Alkhawarizmi are marked in black. For the FC group (Figure 6), the
lessons that the students learned independently via the bscool.com online platform are
marked in purple.
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Figure 6. Timeline of the eight-lesson research procedure for the 10th graders in the FC group.



Mathematics 2021, 9, 1500 15 of 38
th .
- 5™ Jesson: lecture on 7% lesson:
1%t lesson: 3t lesson: lecture on: Introduction to the ~ Introduction to the
Pre-questionnaires Relation of tangent investigation of investigation of polynomial
Introduction to line to derivatives. polynomial function-part 3,
derivative concept Finding the tangent funcli'on-pan 1 sketching the graph of a
line equation -part 1 extreme points function
! | 1 1 1 1 1
I | | ! ! | |
th ; "
204 Jesson: lecture on 4% Jesson: lecture on: 6% lesson: 81 Jesson:
Derivative of linear Relation of tangent Introduction to the investigation Collaborative exercising and
and polynomial line to derivatives. of polynomial function-part 2, practicing the investigation of
functions Finding the tangent extreme points, intervals of polynomial function

E i 5 .
line equation -part 2 increase and decrease

Figure 7. Timeline of the eight-lesson research procedure for the 10th graders in the comparison group.

3. Results

In this section, we present an analysis that addresses the three parts of the research
question posed above. We start with the quantitative results that relate to the first part of
the research question, which discusses the effects of the FC approach on conceptual un-
derstanding. These results are supported by qualitative data from the students’ responses
to the conceptual understanding questionnaire. We then refer to the quantitative results
that relate to the second part of the research question about students’ motivation in the
FC environment. We end with qualitative findings regarding the last part of the research
question, which seeks to explore the factors that contribute to learning in the FC environ-
ment.

3.1. Quantitative Results
3.1.1. Conceptual Understanding of Mathematics

The first part of the research question discusses the differences in conceptual under-
standing between students from the FC group and students from the comparison group
after studying the derivative (10th grade students) or integral (11th grade students) unit.
We begin by presenting findings that pertain to these differences with respect to their
conceptual understanding level before studying the learning unit and then test the effect
of group (FC vs. comparison) and grade (10th vs. 11th) on students’ conceptual under-
standing after they complete the learning unit (see Section 3.1.2). We then go on to exam-
ine the differences in students’ conceptual understanding over time, while comparing the
FC and the comparison groups (see Section 3.1.3). Additionally, we calculate Cohen’s d to
evaluate the size of the effect for each group over time (see Section 3.1.3).

3.1.2. Students” Conceptual Understanding

In order to determine whether there were differences in conceptional understanding
between the two research groups (FC vs. comparison) before they encountered the learn-
ing unit, we first conducted a one-way ANOVA for each grade. This analysis yielded non-
significant differences between the research groups for both the 10th grade students (F (1,
34)=0.737, p>0.05,12=0.021 (Figure 8A)) and for the 11th grade students (F (1, 37) = 0.249,
p>0.05,n2 =0.007 (Figure 8B)). The lack of any significant difference in students’ concep-
tional understanding prior to studying the learning units indicates that both research
groups in both grades had the same level of understanding at the beginning of this study.
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Figure 8. (A,B) Conceptual understanding of 10th and 11th grade students by time and research group. Note. * p <0.05

We then ran a two-way ANOVA in order to test the effect of the two independent
between-subjects variables, i.e., group and grade, on the dependent variable, i.e., concep-
tual understanding after studying the learning unit, without controlling for the pre-learn-
ing conceptual understanding level. Significant differences were found in post-learning
conceptual understanding between the two different research groups without considering
the factor of grade (F (1, 71) = 15.088, p < 0.001, 2 = 0.175). This means that in both grades
collectively, students in the FC group demonstrated a higher level of conceptual under-
standing after studying the derivative or integral unit than their counterparts in the com-
parison group. See Table Al in Appendix A for means and standard deviations.

Furthermore, the test revealed that the effect of the interaction between grade and
research group on conceptual understanding after studying the learning unit was statisti-
cally significant (F (1, 71) =20.600, p < 0.001, n2 = 0.225). To examine the source of interac-
tion, we conducted a series of one-way ANOVAs for each grade separately, setting the
conceptual understanding after studying the learning unit as the dependent variable and
the group as the between-subjects independent variable. For 10th graders, the results were
nonsignificant (F (1, 34) = 0.140, p > 0.05, N2 = 0.004), implying a similar level of conceptual
understanding between the FC and comparison groups. For the 11th graders, we found
significant differences in post-learning conceptual understanding between the FC and
comparison groups (F (1, 37) = 64.393, p < 0.001, n2 = 0.635) showing that students in the
FC group demonstrated a higher level of conceptual understanding than students in the
comparison group. See Table Al in Appendix A for details about means and standard
deviations.

3.1.3. Differences in Conceptual Understanding over Time

We were further interested in examining the differences in conceptual understanding
over time in each grade and each group. Thus, we conducted multiple one-way ANOVAs
with repeated measures, with time of measurement (before or after learning the units) as
the within-subjects independent variable and conceptual understanding as the dependent
variable. The results revealed that over time, significant differences in conceptual under-
standing were found for the different research groups in both grades. The results showed
that 10th graders from the FC and comparison groups exhibited an increase in conceptual
understanding over time (F (1, 15) =82.578, p <0.001, 12 =0.846; F (1, 19) =37.854, p <0.001,
N2 =0.666, respectively (Figure 8)). Similar results were found for the 11th grade students,



Mathematics 2021, 9, 1500

17 of 38

revealing that both groups showed a significant increase in their conceptual understand-
ing over time (F (1, 19) = 94.358, p < 0.001, n2 =0.832; F (1, 18) =9.437, p < 0.05, 2 = 0.344,
respectively). See Table Al in Appendix A for means and standard deviations.

Since both groups in both grades demonstrated an increase in conceptual under-
standing, we measured the effect size of this change by calculating Cohen’s d separately
for each group in each of the grades. The results suggested that the effect of improvement
was the largest among the 11th grade students who studied in the FC environment (d =
3.02), followed by the 10th grade students in the FC environment (d =2.17), the 10th grade
students who studied in the traditional classroom environment (d = 1.39), and finally, by
the 11th graders who studied in the traditional environment (d = 0.87).

The following figures show a visual representation of the findings described above.
Figure 8 illustrates the differences in conceptual understanding before and after studying
the learning units in the FC and comparison groups for the 10th grade students who stud-
ied the derivative unit (Figure 8A) and the 11th grade students who studied the integral
unit ( Figure 8B).

To summarize the findings, for the 10th grade students, no differences were found
between students who studied in the FC environment and those who studied in the tra-
ditional environment, in both their pre- and post-learning conceptual understanding (Fig-
ure 8A). However, although the 11th graders in the FC and comparison groups exhibited
similar levels of pre-learning conceptual understanding, a higher level of post-learning
conceptual understanding was revealed for the students in the FC group than for their
peers in the comparison group. Figure 8 also shows that the students in all the groups
improved their conceptual understanding over time. However, the effect of improvement
appears to be greater among the students who studied in the FC environment, particularly
for the 11th grade students.

3.1.4. Examples of Students” Answers in the Conceptual Understanding Section

Mais and Zaid (pseudonyms) are two students who participated in this study and
were selected as representatives of 10th and 11th grade students (respectively) who pro-
vided near-perfect answers after learning the units according to the FC approach. Observ-
ing these students’ answers to the pre- and post-learning questionnaires demonstrates the
progress and development in their conceptual understanding.

Before learning the derivatives unit, Mais reported that she did not know what the
concept “derivative” meant. She defined the extreme point as “the point in which the
function has the greatest value”, and defined the interval of increase as “the area in which
the function is ascending”. She defined “domain” as “a point that is on the function”.
These definitions indicate a low level of conceptual understanding, as it seemed that Mais
tried to guess the definition of each concept based on its name. Figure 9 below shows the
definitions of the concepts provided by Mais in her pre-learning questionnaire.

In her post-learning questionnaire, Mais defined the derivative as “the slope of the
function at a specific point” and added that: “It is the frequency at which the function
changes”. About the meaning of “extreme point”, she answered that: “It can be a mini-
mum or maximum value that represents the lowest or the highest value of the function,
respectively. You can find the extreme point by setting the derivative to equal zero”. She
defined interval of increase as follows: “When the function is ascending from left to right,
the x values are increasing at the same time that the y values are also increasing”. Finally,
she said that a domain “consists of the numbers in which the function is defined, meaning
the x values that we can substitute in a function and receive a valid y value. For example,
if y = Vx you cannot substitute x < 0. Therefore, the domain is x > 0”. Despite providing
inaccurate and imperfect answers, Mais mentioned fundamental details in her definitions,
which indicates that Mais had obtained a significant improvement of her conceptual un-
derstanding of the derivative subject. Figure 10 below demonstrates the answers that Mais
provided in the post-learning questionnaire.
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Figure 10. The answers provided by Mais in the post-learning questionnaire.

In the 11th grade group, before starting the learning unit, Zaid defined the integral
as “two functions that you wish to do an integral between them”. He defined the anti-
derivative as “the function that you want to apply an integral on it”. He continued by
defining the integral constant as “the value of the integral that is applied between two
functions”. He was unable to define the concept “definite integral”. Zaid’s superficial def-
initions indicated his low level of conceptual understanding before studying the integral
unit. Figure 11 below shows Zaid’s definitions in the pre-learning questionnaire.
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Figure 11. The definitions of the concepts provided by Zaid in the pre-learning questionnaire.

However, in his post-learning questionnaire, he defined the integral as “the reverse
process of differentiation. In addition, it is used to calculate the areas under graphs”. He
defined antiderivative as “the F function we get by applying an integral on its derivative”.
When asked about the integral constant he said that: “The derivative of a constant is al-
ways zero, and therefore, when integrating, we must add a constant C in order to go back
to the original function”. He added that: “This is a constant C that we always add to every
function”. Finally, he defined “definite integral” as “the area of a region enclosed between
two limits of a curve in a certain domain”. These responses are not perfect, nor are they
comprehensive, and yet they indicate that Zaid obtained a medium level of development
in his conceptual understanding, as he provided detailed explanations for each of the con-
cepts. Figure 12 below shows Zaid’s answers in the conceptual understanding postques-

tionnaire.
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Figure 12. The answers provided by Zaid in the post-learning questionnaire.

3.1.5. Motivation towards Studying Mathematics

This section presents our findings for the second part of the research question, which
aimed to investigate the differences in motivation to learn mathematics among 10th and
11th grade Arab students studying advanced mathematics in the two different research
groups. First, to confirm that all the participants started the program with similar motiva-
tion levels, we assessed differences in students” motivation before studying the learning
unit (see Section 3.1.6). Next, we examined differences in motivational attitudes among
the students after studying the learning unit (see Section 3.1.6). We then explored differ-
ences in students’” motivational attitudes over time and calculated Cohen’s d to evaluate
the size of the effect for each group over time (see Section 3.1.7).

3.1.6. Students’ Motivation

In order to examine if there were differences in the students” motivation level prior
to studying the learning units between the two groups (FC vs. comparison), we started by
applying a series of one-way ANOVAs separately for each grade. For both the 10th and
11th graders, the results showed a nonsignificant difference in motivation between the FC
and the comparison groups (F (1, 34) = 3.087, p > 0.05, n2 = 0.083 (Figure 13A); F (1, 37) =
0.578, p > 0.05, N2 = 0.15 (Figure 13B), respectively). These findings imply that before they
studied the learning units, the students’ motivational attitudes were similar in the FC
group and the comparison group among both 10th and 11th grade students. See Table A2
in Appendix A for means and standard deviations.

Since no significant differences were found in students’ motivational levels before
studying the learning units, further analyses were conducted to examine the effect of the
learning method on students’ motivation after studying the learning unit, without con-
trolling for the pre-learning conceptual understanding. We conducted a two-way
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ANOVA in which group (FC, comparison) and grade (10th, 11th) were both set as the
between-subjects independent variables and post-learning attitude motivation served as
the dependent variable. This analysis revealed a significant interaction in post-learning
attitude motivation by group and grade (F (1, 71) = 8.946, p <0.05, n2 =0.112). To examine
this interaction, we conducted multiple one-way ANOV As separately for each grade, with
conceptual understanding after studying the learning unit as the dependent variable and
group as the between-subjects independent variable. These analyses revealed significant
differences in post-learning attitude motivation among 10th graders from the different
research groups (F (1, 34) =5.44, p <0.05, 2 = 0.138) but no significant differences in post-
learning attitude motivation among the 11th graders from the different groups (F (1, 37) =
3.30, p > 0.05, 2 = 0.082). This suggests that the 10th graders who participated in the FC
environment were less motivated after studying the derivatives unit than their peers in
the comparison group, while the 11th graders in both groups showed a similar level of
motivation after studying the integral unit. See Table A2 in Appendix A for means and
standard deviations.

3.1.7. Differences in Motivation over Time

Due to the different effects revealed in students’ post-learning attitude motivation in
the different grade levels, we further conducted multiple one-way ANOVAs with re-
peated measures to examine differences in motivation over time. In this analysis, time of
measurement (before or after studying the learning unit) served as the within-subjects
independent variable, whereas motivation level served as the dependent variable. Find-
ings revealed that for both 10th and 11th graders, no significant differences in motivation
level were found over time for either of the research groups. For the 10th graders, the
results showed that the FC and comparison group maintained a similar level of motiva-
tion before and after learning the derivative unit (F (1, 15) =2.50, p > 0.05,n2=0.143; F (1,
19) =0.104, p > 0.05, n2 = 0.005, respectively). Similar results were found for the 11th grad-
ers, as both groups showed no significant differences in motivational attitudes over time
(F(1,19)=1.06, p>0.05, 12 =0.053; F (1, 18) = 1.84, p > 0.05, )2 = 0.093, respectively). See
Table A2 in Appendix A for means and standard deviations.

Due to the similar nonsignificant effect of time for all participants, we were interested
in calculating Cohen’s d to measure the effect size over time separately for each group in
both grades. For the 10th graders, the results imply similar levels of motivation with a low
effect size for the FC (d =-0.29) and comparison (d =-0.07) groups. However, for the 11th
graders, the results yielded relatively high effect sizes for both the FC group (d =0.41) and
the comparison group (d = -0.41). This means that an effect of a similar magnitude (d =
0.4) was found, but in the opposite direction, so that motivation in the FC group increased
over time but decreased in the comparison group. The following figures present a visual-
ization of the findings described above. Figure 13 illustrates the differences in motivation
before and after studying the learning unit in the two research groups for the 10th grade
students who studied the derivative unit (Figure 13A) and the 11th grade students who
studied the integral unit (Figure 13B).
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Figure 13. (A,B) Motivation of 10th and 11th grade students toward studying mathematics, by time and research group.

Note. * p <0.05

To summarize the findings, while the 10th graders in the FC group showed a similar
level of motivation to that of their peers in the comparison group before studying the de-
rivative unit, they were less motivated than their peers in the comparison group after
learning the derivative unit. However, the 11th graders in both the FC and comparison
groups demonstrated similar levels of motivation before and after studying the integral
unit.

3.2. Qualitative Results

This section presents findings from retrospective interviews held with a partial sam-
ple of students and with the teacher after completing the learning units. The goals of these
interviews were to collect broader data about the effects of studying in an FC learning
environment, to understand more about the students’ perspectives, and to explore the
teacher’s opinions about the FC approach. Below are the main themes that emerged from
the students” and the teacher’s responses.

Table 3 presents the nine main themes that emerged from the interviews and their
frequencies in the participants’ responses. The percentages in the table represent the fre-
quency of the responses out of all the statements made for each theme. For example, the
four responses given by the 10th grade students regarding the theme of “better use of class
time” represent 50% of the total number of responses (N = 8) that mentioned this theme.
This calculation allowed us to identify which theme was mentioned more by one group
of interviewees (10th grade students, 11th grade students, or the teacher) than by others.
The percentages that appear in the right-most column (total) were calculated out of the
total number of responses retrieved for all themes (N = 64), which enabled us to sort the
themes by their relative frequency.

Table 3. Frequency of themes mentioned by the participants during retrospective interviews.

Theme 10th Grade 11th Grade Teacher Total

(N=5) (N =5) (N=1) (N=11)

Less lecturing and more exercise in class 3 (33%) 5 (56%) 1 (11%) 9 (14%)
Studying at the appropriate pace 3 (33%) 5 (56%) 1 (11%) 9 (14%)
Better use of class time 4 (50%) 3 (37.5%) 1 (12.5%) 8 (12.5%)
Active learning in class 3 (37.5%) 4 (50%) 1 (12.5%) 8 (12.5%)
Time management is a real challenge 3 (37.5%) 4 (50%) 1(12.5%) 8 (12.5%)
Teacher unavailability during the lectures 4 (50%) 4 (50%) 0 (0%) 8 (12.5%)
Great effort, commitment, and responsibility 3 (43%) 4 (57%) 0 (0%) 7 (11%)
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First time flipping the classroom 3 (75%) 0 (0%) 1 (25%) 4 (6%)
FC contributes to mathematical self confidence 0 (0%) 2 (67%) 1 (33%) 3 (5%)
Total 26 31 7 64

The nine themes we observed revealed that five themes present the benefits of stud-
ying in the FC, while four themes present the challenges of studying in FC. Figure 12 de-
picts the nine main themes, where the green themes represent the benefits and the red
themes represent the challenges.

Less lecturing and

more exercise in class
Better use of

class time Active learning

in class

FC contributes to
mathematical self Studying at the
confidence appropriate pace

Teacher
unavailability
during the lectures

First time flipping
the classroom

Great effort,
commitment, and
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Time management
is a real challenge

Figure 14. The main themes mentioned by the participants during retrospective interviews.

In the following, we describe the various themes (including examples of statements)
in order of their frequency —from the most frequent theme to the least frequent one.

e  Less lecturing and more exercise in class

One theme that was explicitly mentioned in students’ responses was that learning
based on the FC approach meant less lecturing during class time. All five of the 11th grade
students stated that having the filmed lectures at their disposal before class was a huge
advantage, as it resulted in less lecturing in class. They were able to learn the content be-
fore class, and therefore the class time, which is usually spent on teaching the content
material, can be spent asking questions and solving a variety of exercises instead. For ex-
ample, Mona reported that: “Due to this method, there was a very wise use of class time.
FC helped invest in class time, because a lot of time in class was dedicated to exercises
with the teacher”. Lia stressed that as well and said that: “We had the opportunity to work
on all kinds of questions at different difficulty levels. There is no doubt that this helped
me to better understand the material”.

Like the 11th graders, the 10th graders also explicitly stated that learning in the FC
method gave them more time to exercise in class and less time for lectures. Sara, for ex-
ample, stressed that: “This method allowed us to dedicate a greater part of class time for
collaborative exercising rather than lecturing”. Aman also reported that: “Having previ-
ous knowledge about the content gives us an advantage with respect to class time; we
now have enough time to proceed faster with the content”.

Watad, the teacher, reinforced the statements made by his 10th and 11th grade stu-
dents and acknowledged this advantage of the FC learning approach. He reported that:
“Inoticed that this approach contributed to reducing the lecturing time in class and helped
invest it mainly in exercising, listening, and answering the raised questions”. He added
that: “I need to teach nearly 3000 pages to prepare 5-unit students for the first matricula-
tion exam in math. We always need extra lessons to finish the material before the due date.
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Implementing FC in certain lessons can help us invest time very wisely. If students inde-
pendently learn the content before class time, it will save them, the teacher, and their peers
in class about 40% of the normally required time to be perfectly prepared for the matricu-
lation exams”. Based on their responses, Watad and his students are aware of the fact that
developing mathematical skills and improving mathematical comprehension requires an
extensive amount of time dedicated only for exercise and problem solving, an advantage
that the FC approach offers.

e  Studying at the appropriate pace

Learning in a flipped classroom environment offers certain flexibility in time and lo-
cation. Students can choose the time and place that are most convenient for them in order
to learn the new material via bscool.com. Furthermore, students can also repeat certain
parts of the filmed lectures as many times as they wish, until they reach a full understand-
ing of its content. This is considered an advantage over the traditional method of learning,
in which the lecture is held at a specified time and location and cannot be repeated easily.
Some students feel embarrassed to ask questions in class, and this may ultimately prevent
them from obtaining a full understanding of the lecture. The 11th grader Mona stressed
this point when she mentioned that: “Sometimes in class, I feel embarrassed to ask the
teacher to repeat himself or even ask a question, but here I can repeat any part of the video
as many times as I need in order to find answers to my questions and ultimately under-
stand the material”.

In their responses, most of the 11th grade students pointed out that this method mo-
tivated them to learn mathematics not only because of the flexibility in time and location
that it provides but also because of the repetition feature available in the videos. This
method allows students with different learning abilities to learn at the pace best suited for
them. Aseel stressed this and mentioned that: “This method motivated me to learn math
because it is more convenient; I choose the place and time that are the most appropriate
for me to study the material. I also think this method makes the learning process easier
since I study at the pace I find appropriate, unaffected by my classmates who may hold
me back sometimes”. Most of the students even declared that learning the integral unit in
the flipped classroom method gave them a better understanding of the subject in general
and the mathematical concepts specifically. Lia, for example, mentioned that: “I learned
the concepts twice, first at home by myself and then in class with my teacher”. The 10th
grade students also agreed that the repetition feature in the videos can be beneficial for
students with different learning abilities. Sara, for example, acknowledged this advantage
and stated that: “I would frequently repeat some clips several times to reach full compre-
hension. I advise every student who is fortunate enough to learn based on this approach
to take advantage of the repetition feature offered in the filmed lectures. They should re-
peat any clip that they need as much as needed until they reach a full understanding of
the material”.

Watad emphasized that students vary in their learning and perception abilities.
There are slow students who sometimes require the teacher to repeat a certain idea several
times in class, while other students with more advanced learning abilities have faster
mathematical perception. Therefore, he greatly appreciated this feature of the FC ap-
proach. He reported that: “I encounter students who feel embarrassed to repeat a question
in class to better understand an explained idea, they prefer to keep this question to them-
selves and go home with poor understanding instead. Therefore, learning the content in-
dependently via the online platform allows students from the diverse categories to define
the learning pace that best suits them. By rewatching parts of the videos to gain a better
understanding, or by skipping other clips if the student already understands their content,
they can control their own learning process”.

. Better use of class time

This theme refers to the fact that the FC environment is based on the students’ prior
preparation for class, thus allowing class time to be spent on practicing and deepening
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students’ understanding of the material. Indeed, the students from both grades who men-
tioned this theme noted that better use of class time allows the teacher to identify the in-
dividual difficulties encountered by the students and to use class time to explore different
misconceptions. For example, Mona, who is an 11th grader, emphasized how much she
appreciated the individual attention that she received while learning in the FC method.
She said: “The teacher had the opportunity to wander around the class, and recognize our
problems, and provide us with deeper, specific advice regarding our individual miscon-
ceptions”. The students also mentioned that it not only allows the teachers to provide
deeper clarifications about incorrect notions, but also enables better interaction between
the teachers and students. The statements made by 11th graders Aseel and Gassan rein-
forced this. Aseel reported that: “This approach allows the teacher to realize what miscon-
ceptions his or her students hold and to recognize their weaknesses. Therefore, the teacher
will focus only on our difficulties and will not waste time explaining everything”. Gassan
said that: “Students come to class with certain knowledge about the material; they come
with gaps that they want to fill, which makes them eager to meet with their teacher, par-
ticipate in discussions, and ask questions. The interaction with the teacher is better than a
traditional lesson”.

Like the 11th graders, the 10th graders also noted that the preparation stage allowed
better use of class time. Most importantly, they emphasized that class time was mainly
devoted to diverse exercising along with the teacher, and collaborative work with class-
mates, which are generally lacking in the traditional learning approach. Sara, for example,
mentioned that: “I consider myself a student who needs extensive exercising with the
teacher or classmates to better understand the material. This approach offers a good
amount of time for collaborative exercising”. Most of the 10th graders also agreed that in
the flipped classroom approach, teachers can identify the different misconceptions found
in class and recognize individual difficulties encountered by students. In their responses,
most students expressed their great appreciation for their increased interaction with the
teacher in class. They particularly valued how the teacher would walk around the class-
room and approach every student who needed assistance. Israa, for example, stated that:
“Preparing the material before class, and more importantly, bringing questions to class,
was very helpful for revealing the individual difficulties we had and the common miscon-
ceptions in the class, and therefore enabling the teacher to concentrate on these issues ra-
ther than wasting class time on less important issues”.

Like his students, Watad believes that preparing at home and attending class with a
certain degree of knowledge about the content creates active learners in class and thus
leaves more time to spend on exercising and asking questions. Another advantage of flip-
ping the classroom that Watad and his students agreed upon is that it offers better inter-
action between the students and their teacher. He reported that: “Since more time is spent
on exercise instead of lectures, the teacher can now be closer to the students during class
time. Most teachers usually do not identify their students’” individual difficulties and mis-
conceptions. This is not because they do not want to, but because they do not have enough
time to open the students’ notebooks, look at their work, and provide them with appro-
priate feedback”.

e  Active learning in class

Most of the 11th graders we talked to agreed that the FC method contributes to active
and collaborative learning in the classroom. In his interview, Gassan reported that: “Iliked
the discussions that were carried out during class time about several misconceptions and
questions that we had. I really do think that the FC helped increase active learning and
promote cooperative learning as well”. Jena agreed with Gassan and said that: “The prep-
aration process we went through before class increased active learning in class and devel-
oped more interaction with the teacher”. In her response, 10th grader Israa said: “I like
the discussions that we had in class; sharing and exchanging our diverse views”. Aman,
a 10th grader, said that: “Due to the preparation that we did before class, more discussions
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were held during our problem-solving time in class; this is very motivating and time in-
vesting”. Similarly, 10th grader Sara appreciated how FC gave her a greater opportunity
to be active in class. She stated that: “I am a student who prefers to ask questions and
participate in discussions during class time. I do not like being a passive learner who usu-
ally spends the entire time in class listening to lectures given by the teacher. This method
allowed more time for collaborative learning and exercising in class, a great percentage of
class time was spent on asking questions and participating in discussions”. Watad also
expressed great appreciation of how his students got the opportunity to experience an
interactive learning process, in addition to actively participating during class and collab-
orating on problem solving, mostly in pairs and not necessarily in groups.

e Time management is a real challenge

Most of the 11th grade students we interviewed highlighted how difficult and time-
consuming it was to complete all the out-of-class assignments. Gassan, for instance, said
that: “I was 80% committed to completing my assignments before class time, yet some-
times preparation at home was very time consuming, especially taking notes”. Jena
agreed, reporting that: “Time management was a real challenge in this method. Time must
be managed wisely to finish everything before attending class”. In their responses, most
of the 10th graders reinforced statements previously made by the 11th graders. Most of
them reported that the FC approach requires very wise time-management before class.
Several students even stated that a schedule needs to be built beforehand for preparation
time at home. Aman mentioned that: “Time management is a key factor for succeeding in
this approach; students must manage their before-class time wisely, I recommend build-
ing a study schedule. It will be greatly helpful for managing the time needed to watch the
filmed lectures and complete the assignments”. Like Aman, Mary also recommended that
students who study in the FC approach build a studying schedule. Israa stated that: “I
think time management was a serious issue in this approach. During my studies, I realized
how important it was to dedicate enough time for preparation at home, especially since
the learning process was independent”. Watad also agreed with his 10th and 11th grade
students. He reported that: “Time management is very important when learning in the FC
approach. Students need to manage their time wisely and correctly in order to gain max-
imum benefit from this learning experience”.

e  Teacher unavailability during the lectures

One disadvantage that was frequently reported during the interviews was the una-
vailability of the teacher while the students learned the new content at home. Most of the
students stated that when they prepared for class, particularly when they watched the
filmed lectures, they had several questions about unclear issues, but the teacher was not
there to provide them with an answer. The students considered this a disadvantage of the
flipped classroom compared to the traditional learning method in which the teacher is
available during the entire lesson to answer any questions raised during the lecture. Both
Aseel and Mona from 11th grade said that: “The teacher is not there to answer your ques-
tions right away; the questions must wait until you go to class”. Similarly, Jena, who is
also an 11th grader, stated that: “Sometimes I felt it was hard to watch a video and start
an assignment on my own. But I used to write down all the hard questions and bring them
to class to ask the teacher for clarifications”.

Similarly, all five of the 10th graders we interviewed reinforced these statements. In
their responses, most of them even mentioned that they would prefer the traditional ap-
proach of learning over the flipped classroom because of this drawback. They explained
that during lectures, many questions come to the student’s mind and these questions need
immediate answers. It is hard to wait a few days to receive answers during class time.
Sometimes the purpose of the question becomes unclear when it is not answered when it
arises, especially when it is about new content that was not encountered before. Mary, for
instance, mentioned that: “I would prefer to learn in the traditional approach because it is
easier to ask the questions and get the answers immediately”. Israa added that: “The
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filmed lectures do not necessarily provide enough information. I sometimes have many
questions that the videos cannot answer, whereas having the teacher available in class
ensures that I will get these answers at the right time. I think the FC approach lowered my
motivation to learn since I had many questions that I wanted to ask during the lecture in
order to fully understand the content”.

e  Great effort, commitment, and responsibility are required

The majority of the interviewed 11th grade students reported that they had put in-
tensive effort into their studies when their math classroom was flipped, compared to the
traditional method. Studying in the flipped classroom requires a lot of preparation before
each class because students are expected to learn the content independently at home and
come to class with certain knowledge. Besides watching the lectures at home, students
were also asked to take notes about the main ideas in the lectures and to complete an
assignment to ensure they understood the content they had watched. Most of the students
mentioned how effortful this process was for them. Lia reported that: “When flipping the
classroom, more effort is needed since we must finish watching lectures and solving the
assignment before class”. The students also emphasized how essential the preparation
stage was. They all agreed that it required a huge commitment and a great sense of re-
sponsibility in order to finish the assigned duties before class. In one of her responses,
Jena mentioned that: “This method requires great effort, commitment, and responsibility.
I once came to class unprepared and did not know what everyone was talking about. That
is when I realized that preparing the learning content before class is essential for under-
standing”. She reported that this experience raised her awareness of how important it was
to dedicate enough time and effort to finish preparing the material before class. She men-
tioned that: “I became committed to watching all the videos to the end and taking notes,
because this was a preliminary condition for understanding the material. Moreover, I
started coming to class with questions about different unclear issues”. Some students re-
ported that they occasionally had certain urgent and personal issues that prevented them
from watching the lectures, and therefore they were unable to prepare the required mate-
rial and finish their assignments before class. Lia faced such an issue once. She said that:
“I once attended class unprepared because of personal reasons, and this affected me neg-
atively in class. I did not understand what the teacher was solving or explaining. I felt this
held me back”.

Like the 11th graders, most of the 10th graders expressed how effortful the prepara-
tion stage was, yet highlighted its importance for benefiting from the FC approach. More-
over, they emphasized how preparation of the content independently requires great re-
sponsibility and commitment. Sara, for instance, mentioned that: “Learning in this ap-
proach requires greater effort than what is needed in the traditional approach, because I
am basically teaching myself the mathematical content by myself. Great responsibility is
resting upon my shoulders to complete the before-class preparation”. Israa from the same
group added that: “I was committed to watching the filmed lectures and taking notes be-
fore attending class in an attempt to understand the content perfectly. I realized that this
was all my responsibility, and if I failed to do so, I would negatively affect my own learn-
ing process”.

Watad reinforced all his students” statements. and emphasized how essential it is to
teach students, motivate them, and encourage them to take responsibility for learning in-
dependently. “I am sure that most students prefer the easy way of learning, that is, not
having to put great effort into learning and understanding the content. But once they try
to learn via the FC approach and get used to it, they learn to become independent learners
who are willing to put in the required effort at home to accomplish their duties”.

e  First time flipping the classroom

This theme refers to the challenge of transition from the traditional approach to the
FC approach. Most of the students pointed out that they never had the opportunity before
to experience a flipped classroom. They saw this as a factor that affected their learning
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process and made it hard at the beginning. Specifically, there was difficulty in the transi-
tion from the commonly used learning approach to this new, unfamiliar approach. This
transition required a great deal of independence, which is not needed in the traditional
approach in which the teacher is the center of the entire learning process. In her interview,
10th grader Aman stated that: “This was the first time that I learned in the flipped class-
room approach, I have always learned in the traditional approach. I feel this transition
was difficult for me, it is usually difficult to substitute something that we are used to with
a new alternative”.

Supporting Aman’s statement, Watad also emphasized how challenging it was to
transition to a new learning and teaching approach that has never been used in his classes
before. He mentioned that: “The change was not easy; it was a real challenge at the begin-
ning. The biggest challenge for me was to convince my students that I am not the only
source of information”. Watad realized that in this approach, the students must be active
learners. “They have assignments that need to be completed independently before class,
and this was of great importance for successfully understanding the content. At first it
was a great challenge for me to prove to my students that I am not necessarily the center
of their learning process. On the contrary, they are”. He further explained that during the
first week of the study, several students came to class unprepared, thinking this would
drive him to teach the material as he usually does. However, these students were sur-
prised to discover that some of their classmates knew a great deal about the content be-
cause they had watched the filmed lecture on bscool.com, and were even ready to solve
mathematical problems. This is when they realized that they needed to be more serious,
committed, and responsible and prepare the requested material and finish their duties
independently before showing up in class.

e  FC contributes to mathematical self-confidence

One benefit that was repeated in the 11th grade students’ responses was their in-
creased self-confidence when solving mathematical problems. This confidence was ac-
quired due to their exposure to the FC environment. Having learned the content before
class, they would come to class with previous knowledge about the subject and the differ-
ent kinds of exercises related to it. This gave them confidence in their own ability to ap-
proach new exercises. Both Gassan and Aseel agreed and reported that: “This opportunity
has given me great confidence in my capabilities. Due to FC, I solved problems with con-
fidence. This method contributed to my self-confidence in problem solving”.

Their teacher, Watad, also appreciated the great self-confidence his students gained
due to flipping the classroom. He stressed that preparing and learning the content before
class gives students significant self-confidence to participate in class and raise their hands
to solve a given problem out loud. In his response, Watad reported that: “During class
time, the students’ active participation reminded me of students who usually are enrolled
in private mathematics courses in which they learn the content before they do in school.
These students attend their math lessons with great self-confidence, and they become very
eager to participate in problem solving in class to show everyone what they are capable
of. This situation is exactly what I encountered frequently during the research period,
when we used the FC approach”. Watad believes that before-class preparation allows stu-
dents to approach different problems more wisely and creates motivation to learn math
since they see themselves that they can actually solve many questions after independently
teaching themselves the content.

4. Discussion

The current study follows up on 10th and 11th grade students from the Arab sector
in Israel. It investigates how conceptual understanding and motivation to study math are
affected by learning the derivative and integrals units (respectively) in an FC environ-
ment, compared to in the traditional learning environment. The use of a comparison
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group enabled us to draw conclusions about the advantages of integrating a flipped learn-
ing environment when teaching mathematics, compared to a traditional learning environ-
ment. The fact that both groups in each grade studied the same mathematical content and
that all the students were exposed to similar pedagogical instruction as they were taught
by the same teacher allowed us to compare the groups. A holistic view of the findings
shows the effectiveness of studying in an FC environment, particularly for 11th graders,
who demonstrated a similar level of motivation to study mathematics, along with a higher
level of conceptual understanding compared to their peers who studied in the traditional
classroom environment. For the 10th graders, the FC was found to be effective in facilitat-
ing their conceptual understanding of the derivative concept but impaired their motiva-
tion level. One reason that can explain these findings is that 11th graders are at a very
critical stage in high school, only a few months before their first matriculation exam in
mathematics. This might have increased their motivation to demonstrate more accounta-
bility and to complete their assignments inside and outside the class, in order to ensure
optimal comprehension of the material. These students appreciated the FC learning
method more than the younger students because it involved more preparation, interaction
with the teacher that allowed them to ask questions about unclear issues, and completing
more exercises with different kinds of problems.

The next sections discuss our findings regarding the main effects that were investi-
gated in this study, and specifically the effects of studying in a flipped classroom on stu-
dents’ conceptual understanding and motivation toward mathematics learning.

e The effect of studying in a flipped classroom on students’ conceptual understanding

This section discusses the differences in conceptual understanding between Arab
high school students who studied advanced mathematics in the bscool.com FC environ-
ment (FC group) compared to students who studied the same learning units in the tradi-
tional learning environment (comparison group). Examining students’ conceptual under-
standing before they studied the units revealed nonsignificant differences between the FC
group and the comparison group for both the 10th and 11th grade students. Further anal-
yses revealed that while 11th graders from the FC group demonstrated a higher level of
post-learning conceptual understanding than their peers who studied in the traditional
environment, the 10th graders exhibited a similar level of post-learning conceptual under-
standing in both groups. However, considering the change over time, a great effect of
improvement was found among the 10th and 11th grade students who studied in the FC
environment compared to the change that their peers from the traditional environment
demonstrated. As the participants in this study studied the same mathematical content,
i.e., derivative unit for both 10th grade groups and integral unit for both 11th grade
groups, and with the same teacher, the significant effect of improvement over time and
the better achievements of the 11th graders who studied in the FC environment indicate
the contribution of the FC environment to students’ development of conceptual under-
standing. This was evident in a huge number of answers provided in the questionnaires,
where most 10th grade students developed their reasoning for the derivative concept for
example and took into consideration the various representation it has. Similarly, the 11th
graders exhibited such a development in their conceptual understanding of the concepts
of integral and antiderivative for example and were able to correlate these concepts and
provide detailed information about them. These findings support previous studies that
described the effectiveness of learning in an FC environment on students’ conceptual un-
derstanding [23,29,47]. These findings coincide with previous studies that suggest that
preparation for class by self-studying, mainly using the instructional videos, results in
better use of class time that enables increased interaction between students and their
teacher [21,25,26]. Particularly, adopting this approach in math lessons offers the students
an extensive amount of time in class for exercising and practicing along with their teacher
and colleagues, which is crucial to attaining a high level of math performance [15,16].
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This, in turn, allows the teacher to identify the students’ individual misconceptions
and difficulties [18] and thus to put more focus on individual comprehension problems
and provide deeper explanations to clarify the incorrect ideas found in class [18,23,24,27].
Indeed, in a retrospective view on their experience in the FC environment, the students
who were interviewed mentioned the advantages of the FC for the learning process in
general, and particularly with respect to less lecturing in class. They mentioned that the
FC learning method enabled wiser use of class time, as class time was spent mainly on
problem solving instead of lecturing. In addition, they reported that this approach al-
lowed greater interaction with the teacher, who was more likely to identify the students’
individual difficulties and misconceptions.

Some of the students succeeded in verbalizing the contribution of the FC to their con-
ceptual understanding of the learning material. The teacher and several students whom
we interviewed reported that this experience contributed to their comprehension and
learning process and was especially beneficial for students who are often too embarrassed
to ask questions in class. They said that the online component of the FC provided them
with answers to their questions, as they were able to repeat specific clips and learn accord-
ing to their individual pace. The 11th graders particularly appreciated how the FC ap-
proach contributed to their mathematical conceptual understanding. Some mentioned
that they would learn the concept at least twice, independently before class and collabo-
ratively in class through the questions posed and the excessive exercising. These findings
coincide with prior studies which indicate that a main advantage of an FC environment is
the opportunity to revisit the instructional videos and presentations as many times as the
learners need, in order to explore the mathematical concepts comprehensively and ensure
perfect comprehension of the content [23,27]. In addition, students can take advantage of
the “pausing” and “rewinding” features found in videos to stop, rewind, or repeat any
part of the lecture to better understand a certain section [18]. This allows students to set
the learning pace most appropriate for them [28]. This is a significant advantage over the
traditional method of learning in which the frontal lecture is held at a specific time and
location and cannot be repeated easily. This is something that most of the interviewees
agreed upon. They emphasized that the repetition helped them set their optimal pace of
learning.

e The effect of studying in a flipped classroom on students’ motivation toward mathe-
matics learning

This section addresses the differences in motivation towards mathematics learning
between students who studied advanced mathematics in the FC environment and stu-
dents who studied the same learning units in the traditional learning environment. Prior
to studying the learning units, no significant differences were found in motivational levels
between the FC group and the comparison group, for both the 10th and 11th grade stu-
dents. Although the FC and comparison groups in both grades demonstrated similar post-
learning attitude motivation levels and no change in motivation over time, further find-
ings that relied on calculating effect sizes revealed that while the 11th graders showed a
similar level of motivation in both groups after studying the learning unit, with no change
in their motivation level, the 10th graders who participated in the FC environment demon-
strated a lower level of motivation after learning the unit compared to students in the
comparison group. This difference among the 10th graders, which was found after calcu-
lating effect sizes, can be explained by the insufficient sample size, which may have given
rise to significant differences had the sample size been increased. These findings support
previous studies that prove that motivation is one of the most essential factors affecting
students’ learning and performance [10,55], particularly in mathematics [10].

To ensure that motivation is maintained throughout the learning process, students
need responsibility, commitment, and determination to independently prepare the con-
tent before class [28]. Otherwise, they will not gain the maximum benefits of the collabo-
rative, active learning environment [60,61]. The themes that emerged from the interviews
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indicate that preparation before class is a key factor for fully comprehending the material
and for a successful learning process. In addition, most of the students mentioned that
significant responsibility and commitment are required to complete the out-of-class prep-
aration successfully. These claims coincide with prior research showing that students who
come to class unprepared are not expected to benefit from this learning method [60,61].
Completing online learning assignments is crucial for successful results in flipped class-
rooms and for maintaining students” motivation [28]. Other students mentioned how ef-
fortful and time-consuming this experience was, yet they all agreed that time management
at home was essential for a successful learning experience in class.

Regarding the decrease in motivation to learn math among the 10th grade students
who participated in this study, both the 10th graders and the teacher reported in the in-
terviews that studying in the FC environment was challenging for them. They explained
that this was the first time they were exposed to a learning approach that is based mainly
on independent learning using an online platform. This coincides with previous studies
that showed that the willingness of students to study via the online component of the FC
is a crucial element that influences their motivation to study in this environment [60,61].
This finding can also be explained by the fact that the 10th grade students had just begun
their advanced 5-unit level studies and thus needed substantial support from their teacher
to build a solid base at this level.

4.1. Limitations and Future Research

The current study was conducted in an extracurricular program for students inter-
ested in improving their mathematics achievements in high school. The participants had
already been assigned to the advanced mathematics class in school (5 units) and chose to
participate in this program due to their high motivation and commitment to succeed in
mathematics. Participation in this study was voluntary, and their grades in the program
had no actual significance, unlike in school. According to the literature, grades are the
main factor that affects students” motivation to study mathematics, since success in math-
ematics, particularly in high school, is a crucial factor for the likelihood of pursuing stud-
ies in advanced mathematics [17]. Therefore, it would be valuable for further research to
also investigate the effect of learning in an FC environment on a sample of students who
are in the process of choosing advanced mathematics studies or on those who want to
make a transition to an advanced mathematics class.

Another research limitation lies in the insufficient sample size, as the limited number
of students who participated in this study do not represent the Arab population in Israel.
A wider study could be conducted in an Arab high school in Israel in which the research
participant are students who study math at different levels (3 to 5 units) and in different
grades (10th to 12th). Furthermore, it is very important to expand the research to include
other mathematical subjects in the curriculum and investigate the effects of learning dif-
ferent subjects in a flipped classroom. Specifically, it is widely accepted that mathematics
underpins all STEM fields [70]. For example, geometry, which is an essential mathematical
subject, plays a vital role in promoting spatial thinking and comprehending required in
all STEM subjects [71].

4.2. Contribution of the Study

The current study provides insights on how Arab students are affected by learning
in a flipped classroom vs. in a traditional classroom with respect to two significant factors
that are the subject of many studies on mathematics education, namely conceptual under-
standing and motivation to study mathematics [47]. The results of this study support the
advantages of integrating a flipped learning environment in high school mathematics and
add to the limited literature about the effects of the FC approach in mathematics for mi-
nority students. As Watad summarized well in his interview: “In the traditional approach,
I give the students fish and feed them for a day. Whereas in the FC approach, I teach them
to fish, aiming to feed them for life”.
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The practical contribution of this study is its presentation of a designated platform
for FC, bscool.com, which as far as we know is unique in its suitability for the Arab sector
in Israel as all the materials are in Arabic. The study thus contributes to national efforts to
reduce the gaps between minorities and the Jewish sector in Israel that were reported in
the latest PISA results [13]. The study highlights the importance of online technological
tools in education, which in certain circumstances can be one of the only available re-
sources that students can use to acquire knowledge, as was significantly observed during
the COVID-19 pandemic. During this difficult period, the use of bscool.com was 19 times
greater than before the pandemic. Another practical contribution is related to the benefits
of using a hybrid learning environment with an online technological component that is
available to everyone and therefore can be used to make mathematics accessible to all,
especially for minority students who often lack access to excellent teachers or to advanced
learning resources.

Author Contributions: Conceptualization, H.S. and Z.K.; methodology, H.S.; software, H.S.; vali-
dation, H.S.; formal analysis, H.S.; investigation, H.S.; resources, H.S.; data curation, H.S.; writing —
original draft preparation, H.S.; writing —review and editing, Z.K. and H.S.; visualization, H.S.; su-
pervision, Z.K.; project administration, H.S. All authors have read and agreed to the published ver-
sion of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Approval for the study was received from the university’s
Institutional Review Board (#IRB- 2019-022) before beginning of the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Due to ethical reasons data cannot be provided.

Acknowledgments: The generous financial help of the Technion is gratefully acknowledged. More-
over, the authors highly acknowledge Saeed Watad, the founder of Alkhawarizmi institute, for his
great support and contribution to this research.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

The tables below present the descriptive statistics obtained for the pre- and post-
learning mathematical conceptual understanding and motivation questionnaires.

Table Al. Mathematics conceptual understanding for pre- and post-learning questionnaires: means and standard devia-
tions by time and research group within each grade.

Conceptual Understanding

10th Grade 11th Grade
Online Comparison Total Online Comparison Total
(N =16) (N =20) (N =36) (N =20) (N=19) (N =39)
M SD M SD M SD M SD M SD M SD
Pre 1672 2129 2575 3746 2174 3125 21.88 3031 2632 2481 2404 2750

Post 67.19  25.08 7038 2561 6896 2507 87.88 6.03 46.84 2203 67.88 26.07
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Table A2. Motivation towards studying mathematics for pre- and post-learning attitude questionnaires: means and standard devi-
ations by time and grade within each research group.

Motivation
10th Grade 11th Grade

Online Comparison Total Online Comparison Total

(N =16) (N =20) (N =36) (N =20) (N=19) (N =39)

M SD M SD M SD M SD M SD M SD
Pre 3.46 097 397 080 374 090 3.86 0.72 405 076 395 0.74
Post 3.18 098 391 091 359 1.00 4.14 0.66 374 074 395 0.72

Appendix B

The tables below present the rubrics for assessing the different concepts related to
the derivative subject assigned for 10th graders and the various concepts related to the
integral subject assigned for the 11th graders, with examples of students’ answers, the
score assigned to each answer, and the justification for this assessment.

Table A3. The rubric for assessing students’ answers for the concept of “extreme point”, within the derivative concept.

Extreme Point

Student’s Answer

Justification for Scoring

It is the point at which the function has the highest or lowest Incomplete answer: missing relation to de-

Score (/10)

7
value, it can be either maximum or minimum. rivative.
Incomplete answer. Does not refer to the ex-
It is the point at which the derivative equals zero. treme values of the point, or to the func- 5
tion’s interval or “direction” change.
. . L Incomplete answer missing details about
At this point, the function changes direction. e . 3
direction”, derivative, and extreme values.
. Incorrect answer indicating lack of under-
min or max. . 1
standing.
It is the highest point in the graph of the function. Incorrect answer. 0
It is the highest value of the function. Incorrect answer. 0

It is the highest point of the derivative.

Incorrect answer.
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Table A4. The rubric for assessing students’” answers for the concept of “interval of increase”, within the derivative con-
cept.

Interval of Increase

Student’s Answer Justification for Scoring Score (/10)

Incomplete answer missing very important de-
tails about the function values.

The derivative is positive in this interval.

Imprecise and incomplete answer since it does
. . not consider x values.
It is when y values increase. . . . 3
The answer is also missing details about the de-

rivative in this interval.

Incorrect answer, indicating lack of under-
standing. This student might have mixed up 0
the derivative and the function values.

It is the interval in which the function is positive (above
the x-axis).

Trivial answer, indicating lack of understand-

The function is ascending in this interval. i 0
Table A5. The rubric for assessing students’ answers for the concept of “domain”, within the derivative concept.
Domain
Student’'s Answer Justification for Scoring Score (/10)

Nearly correct but imprecise answer, missing a

The numbers that give us a valid result. . . 8
few details and more precision.
It refers to the numbers that can be substituted instead of . .
. . Imprecise and incomplete answer. 5
x in the function.
It is when the function has no answer. Incorrect answer. 0
A point that is on the function. Incorrect answer. 0
. . Incorrect answer, indicating lack of under-
It is that the denominator must not equal zero. 0

standing.
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Table A6. The rubric for assessing students’ answers for the concept of “integral”, within the integral concept.

Integral

Student’s Answer Justification for Scoring Score (/10)

Nearly complete answer, missing precision in
It is the function before differentiation. the definition but indicating development of 9
understanding.

. o Not clear since no definition of antiderivative is
It is the antiderivative. . . 5
provided in the answer.

Incomplete answer and imprecise, but it im-

Used to find areas. . . .
plies that student relates areas to integration.

Unclear and imprecise answer, yet it shows that

It is an operation that is applied on the derivative. . . L. L
P PP this student is relating integral to derivative.

Table A7. The rubric for assessing students’ answers for the concept of “antiderivative”, within the integral concept.

Antiderivative

Student’s Answer Justification for Scoring Score (/10)

Nearly perfect answer, missing more precision
and considering derivative.

It is the result of the integration process.

Unclear and imprecise answer, yet it slightly
The function. shows that this student is relating this concept 1
to the original function.

The derivative. Incorrect answer. 0

Table A8. The rubric for assessing students’ answers for the concept of “integral constant”, within the integral concept.

Integral Constant

Student’s Answer Justification for Scoring Score (/10)

It is a parameter that we add to the result of the integral
because if we apply differentiation to this result, this pa- Nearly complete yet imprecise answer. 8
rameter’s derivative will equal zero.
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. . e Not enough! This answer is missing the main
This is the constant C, we cannot identify it unless we get . e
idea of the definition.

more information about the function, its derivative .. . . 5
Missing the correlation between the different
equals zero.

information taught in class.

The constant C that we add to the result. Unclear and imprecise answer. 0

Table A9. The rubric for assessing students’ answers for the concept of “definite integral”, within the integral concept.

Definite Integral

Student’s Answer Justification for Scoring Score (/10)

It is used to compute the area under different types of  Incomplete answer missing details about the

.. . 7
curves. limits of the integral.
. Incorrect answer; it helps to compute the area,
It is the area under the curves. . P P 0
but it is not the area.
It is a constrained domain to compute an area. Incorrect answer. 0
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