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The study explored the effects of the Flipped Classroom Model (FCM)
application enriched with digital content and educational activities for the
physics lesson on students’ academic performance, problem-solving skills,
and attitudes towards the physics lesson. The study employed the pretest-
posttest control group quasi-experimental design: The study group of this
research consists of 121 10th grade students, 59 of whom are experimental
and 62 are control. In the study, the subject of "Pressure and Buoyancy" was
taught according to the FCM in the experimental groups, while the lessons
were carried out in the control groups using methods suitable for the 10th
grade Physics Curriculum. Dependent and independent samples t-test
analyses were used for the analyses of the pretest and posttest
measurement data. The study findings revealed that the academic
achievement, physics lesson performance, and attitude scores of the
students in the experimental group, in which the FCM was used, were
significantly higher than the scores of the students in the control group. No
significant difference was found in the problem-solving skills scores between
the experimental group students and the control group students.
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INTRODUCTION

Although face-to-face education is considered the most important characteristic of the learning
process, the concept of distance education came into the picture with the use and spread of
technological tools in the 19th century. The process, which started with the contribution of
communication tools such as radio and television to education, continued with the use of computers
and computer technologies. With the widespread use of the internet, online learning has come to the
fore, and with mobile technologies, the boundaries of learning environments have been greatly
expanded. It was put forward as a common view that the use of technology in education alone is not
sufficient, just as traditional education cannot provide effective and efficient learning (Osguthorpe &
Graham, 2003). At this point, one of the most possible solutions is considered to be “blended learning”.
Inadequacies in current learning experiences can be overcome by blended learning (Driscoll, 1994).
One of these blended learning models is the Flipped Classroom Model (FCM).

The FCM, which is defined as the integration of communication technologies into education, is
an instruction model bringing the activities that take place in the classroom to the outside and the
activities that take place outside the classroom to the classroom. The FCM, in short, refers to the
flipping of the time and place of the theoretical lectures and homework (Bergmann & Sams, 2012).
While the theoretical lecture of the lesson is carried out at home with online recordings, in-class
activities are divided into points that are not understood, additional activities, and repetitions. While
wide implementation trials of the model were encountered in the 2000s, the researchers who
conducted the earliest studies on its functional use were Bergmann and Sams (2012). The most popular
contribution to the FCM was made by Khan in his TED talk titled “Let’s use video to reinvent education”,
and the entrepreneur used the concepts of “flipping the classroom” and “flipped classroom” for the
first time (Khan, 2011).

The FCM gained even more importance after the World Health Organization declared a
pandemic as a result of the spread of the corona virus. Specifically, the model’s presentation of the
theoretical content to the students using technological materials was assessed as the only way to be
followed after the closure of schools in all countries of the world due to the pandemic. Even after the
effects of the virus are wiped out, these materials will still be available to students and teachers.

In many other studies, the effectiveness of the FCM on learning was examined using various
methods, and these studies emphasized that the model’s advantageous aspects are quite satisfactory
(AlJaser, 2017; Arnold-Garza, 2014; Bergmann & Sams, 2012; Cole & Kritzer, 2009). In a study by
Wiginton (2013), the effects of three different learning environments, namely Flipped Active learning
environment, Flipped Mastery learning environment, and traditional learning environment, on student
achievement were investigated. In the same study, students’ experiences and how students’ learning
styles affect their learning environment preferences were also investigated. The results showed that
the math achievement scores of the groups that were in the Flipped Active learning environment and
Flipped Mastery learning environment were significantly higher than the math achievement scores of
the group that was exposed to traditional instruction. Another study examined whether the FCM has
an effect on the learning of linear algebra subjects in engineering sciences. The study revealed that the
students who were taught using the FCM were more successful than the students who were taught
with the traditional model. It was also reported that the students had positive thoughts about the FCM
and found the lesson materials educational and instructive (Love et al., 2014). In another study, Butt
(2014) aimed to determine university students’ views on the teaching activities of a lesson designed
according to the FCM. The study showed that the students’ views on the model were positive. The
participating students stated that being able to access the materials in advance enabled them to
prepare for the class, they were able to do unlimited repetitions at home, their learning was easier,
and their learning quality and success increased. In the study conducted by Gross et al. (2015), the
effectiveness of the FCM was examined in terms of the relationships between student participation,
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student satisfaction, and academic performance. They concluded that there was a high level of student
participation and lesson satisfaction in the classroom where the FCM was used. In addition, Yestrebsky
(2015) examined the effectiveness of the FCM on the chemistry achievement of large groups. The study
sample consisted of students who were majoring in science and engineering. According to the study
results, the FCM significantly increased the achievement in Group A and Group B which had high
achievement levels, the model had no effect on Group C and it actually decreased the achievement
level in the group with already low academic achievement. Furthermore, another study determined
that the digital technological materials developed for the classroom in which the FCM was used
enabled students to have positive attitudes about their learning and teaching experiences outside the
classroom (Long et al., 2016). Researchers' interest in the subject has continued in Turkey and in other
countries. Kazu and Yalgin (2022) reported the existence of 58 studies published in Turkish and English
between 2007-2021, investigating the effect of the flipped classroom model on academic
achievement.

In the literature related to the field, there are studies revealing that the effectiveness of the FCM
on learning and some variables is not significant (Howell, 2013; Setren et al., 2021). A study conducted
by Bell (2015) aimed to reveal the effect of the FCM on the learning process in high school physics
classroom, students’ learning levels, and students’ attitudes towards the Physics lessons taught with
the FCM. In the aforementioned study, the instruction designed according to the FCM was carried out
in three classrooms, while the traditional teaching was done in another classroom. The study results
revealed a difference in favor of the experimental groups in terms of the attitude variable, whereas no
difference was found in terms of students’ learning levels. In another study carried out by Guerrero et
al. (2015), the effect of the FCM on university students’ attitudes towards the math lesson and their
achievement were explored. Similarly, this study revealed that while students’ attitudes towards math
differed significantly, the model did not have a significant effect in terms of student achievement. Also,
Overmyer (2014) examined whether the FCM or the traditional model had an impact on university
students’ academic achievement in algebra. When the academic achievement scores of the students
were compared, no significant difference was found between the groups. Furthermore, another study
put forth that the FCM increased student participation and lesson satisfaction, but did not have a
significant effect on academic achievement (Gross et al., 2015).

As it can be understood from the results in the literature, there are cases where the FCM can be
effective on learning, but there are also cases where it is not effective. However, most of the studies
determined that the FCM contributes to the development of positive student attitudes towards the
lesson, and increases students’ participation in the lessons and their satisfaction with the lessons
(Aydin & Demirer, 2022; Karjanto & Acelajado, 2022). Based on the studies, it is recommended to
create environments in which students play an active role in order for the FC model to be effective
(Hurtubise et al., 2015; Koray, 2022). Teachers cannot make experiments in which students can be
active in physics lessons, due to the issues such as lack of laboratories and insufficient class hours. In
this study, the students in the experimental group were planned to do experiment actively, while the
students in the control group were planned to conduct a demonstration experiment by the teacher.
The purpose of this study is to determine the effects of the FCM application enriched with digital
content for the 10th grade physics “Pressure and Buoyancy” subject on students’ academic
achievement, their physics lesson performance level, their problem-solving skills, and their attitudes
towards the physics lesson. It is believed that the present study will contribute to the field since the
literature on the application of the FCM in physics education is limited and the model’s effectiveness
in terms of certain variables was not sufficiently examined. One of the criticisms emphasized by
researchers such as Clark (2013) and Coufal (2014) is that the studies on the FCM focus largely on
higher education. This study aims to fill the gap in the literature because it is an experimental study
carried out in physics classrooms and is conducted with high school students.
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In the context of the purpose of the research, answers to the following sub-problems were
sought.

1. Is there a significant difference between the academic achievement scores of the
experimental group in which the FCM was applied and the control group who were taught according
to the physics curriculum?

2. Is there a significant difference between the physics performance level scores of the students
in the experimental group in which the FCM was applied and the control group who were taught
according to the physics curriculum?

3. Is there a significant difference between the problem-solving skills scores of the students in
the experimental group in which the FCM was applied and the control group who were taught
according to the physics curriculum?

4. Is there a significant difference between the attitudes towards the physics lesson scores of
the students in the experimental group in which the FCM was applied and the control group who were
taught according to the physics curriculum?

METHOD

Since this study aimed to test the cause and effect relationship between variables, it was carried
out using a quasi-experimental design with pretest-posttest control group in which the existing classes
were formed by random assignment (Blyutkoztirk et al., 2018; Cepni, 2014). Before the application,
pretests were administered to both groups at the same time and measurements related to the
dependent variable were taken. The experimental procedure based on the independent variable
whose effect will be examined is applied in the experimental group, whereas applications in which the
methods provided by the curriculum are used in the control group. The administered pretests were
also applied as the posttest and the scores of the two groups were compared using appropriate
techniques (S6nmez & Alacapinar, 2011). In the present study, the effects of the FCM applications on
the dependent variables of “Academic Achievement”, “Physics Performance Level”, “Problem-Solving
Skills” and “Attitudes” were examined. For this purpose, experimental and control groups were
formed, and the FCM applications were used in the experimental groups, and methods appropriate
for the 10th Grade Physics Curriculum, published on July 17th,2017 by the Ministry of National
Education Board of Education, were used in the control groups. The standard notation of the study
design is presented in Table 1

Table 1. Standard Notation of the Study Design

Group Measurement | Procedure Measurement Il

EG MCAAT: X1 MCAAT:
PPLT: PPLT>
LTGT: LTGT»
PLAS: PLAS:

CG MCAAT: X2 MCAAT:
PPLT: PPLT:
LTGT: LTGT 2
PLAS: PLAS:

(Dependent variables) (Independent variables) (Dependent variables)

Symbols used in Table 1. are as follows:
EG: Experimental group in which the FCM was applied
CG: The control group who are taught with methods according to the physics curriculum
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X1: FCM applications

X2: Methods appropriate for the physics curriculum

MCAAT: Multiple Choice Academic Achievement Test

PPLT: Physics Performance Level Test

LTGT: Logical Thinking Group Test (for determining problem-solving skills)
PLAS: Physics Lesson Attitude Scale

STUDY GROUPS

The present study was carried out with 10th grade students from a public high school in the
Eregli district of Zonguldak in the 2017-2018 academic year. Four classrooms were included in the
study, two of them were randomly assigned as the experimental group, and the other two were
randomly assigned as the control group. The experimental group consisted of 59 students, 34 females
and 25 males, and the control group had 62 students, 37 females and 25 males. While the FCM was
applied to the experimental group, the control group was taught with the methods provided by the
standard physics curriculum. The duration of the lessons was equal in both groups, and it was assumed
that the groups were not affected by each other in any way. No additional application was done.

PROCEDURE

In determining the equivalence of classes, students’ physics lesson grade averages and year-end
grade averages in 2016-2017 academic year were taken into consideration. By examining the literature
in the field of physics education, “Pressure and Buoyancy”, one of the 10th grade physics lesson
subjects that students have the most difficulty with, was chosen as the unit to be taught (Goszewski et
al., 2013; Loverude et al., 2003). The lesson plans and the instruction process of the experimental
group covering all the learning outcomes were developed by the researchers based on the FCM. On
the other hand, for the control group, the lesson plans were prepared based on the 10th grade physics
curriculum. A website was built for the theoretical transfer of the subjects that will take place outside
the classroom. The videos in which the lectures were recorded were prepared by the physics teacher
of the study groups - the same person is the researcher in this study. The reason why the preparation
and recording of the videos in which the theoretical explanations were given was done by the physics
teacher was to provide the control groups with information from the same source and to act in
accordance with the nature of the FCM and experimental research. For this study, which aimed to
examine the effect of using the FCM in physics education on the learning products, four different
lesson plans covering the four learning outcomes of the “Pressure and Buoyancy Force” subject were
prepared. In the first stage, for each lesson plan, lecture videos related to the learning outcome were
uploaded to the website and necessary warnings and controls were made for the students to study. In
the second stage, a short quiz about the videos watched in the classroom was administered, parts that
could not be understood were repeated and the questions of the students were answered. In the third
stage, the students were divided into groups of four in the laboratory, the activities prepared
beforehand were done and each group wrote an activity report. In the fourth stage, students
completed the achievement, comprehension, and homework tests in the classroom under the
guidance of the teacher. The first lesson plan was designed to take six hours and the other three lesson
plans for three hours each. A total of 15 periods (five weeks) were allocated for the implementation of
the four lesson plans. Below are the works carried out at each stage along with the visuals.

WORKS DONE IN THE EXPERIMENTAL GROUPS

In the experimental groups, lesson plans were prepared for each outcome in order to realize the
four outcomes, and the practices were carried out as follows, respectively.
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WORKS DONE RELATED TO LESSON PLANS

The first learning outcome of the “Pressure and Buoyancy” unit is “The student explains the
concept of pressure in solids and stagnant liquids. The student analyzes the factors affecting pressure.”
In order to achieve this outcome, a lesson plan covering 240 minutes (six periods) was prepared. As
required by the FCM model, first the experimental group students were given access to the site
installed on the Google site platform, then theoretical content about the outcome was uploaded and
shared for students to watch. The theoretical contents were prepared by the researcher, who is also
the physics teacher of the students, and the explanations were given using his own voice and the
drawings he made. The reason for this was to carry the theoretical information transmission that
students were accustomed to the online environment with all its aspects. In addition, an
announcements tab was added to direct the students about their homework and to remind them
which video they should watch at which time periods.

Figure 1. View of the Developed Website

IMKB ATATURK

ANADOLU LISESIFizIK

Ana Savis |

Ana Sayfa

Yorumlar

! CANAR VELI
-

Figure 2. An Example of the Theoretical Knowledge Explanations That the Students Watched on the
Website

( Poton azj"'“uc“'l Bnems)

Recorded by (=200

A quiz consisting of three questions was made in order to determine whether the students could
understand the subject by watching the theoretical information about the first learning outcome on
the website, and the subject was reinforced by repeating the parts that the students did not
understand. During the next 120 minutes (3 periods), the classroom was divided into groups of four,
and four activities related to this learning outcome were carried out in the physics laboratory. After
each activity, the groups were asked to fill out activity reports. In the last 40 minutes (1 period), the
homework given to the students on the subject was done in the classroom under the guidance of the
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teacher. A second 120-minute lesson plan was prepared for the outcomes of “The student explains the
concept of pressure in solids and stagnant liquids. The student analyzes the factors affecting pressure.”
and “The student discovers the relationship between the flow rate of fluids and fluid pressure.” After
making students watch the theoretical information about these learning outcomes, the gaps in
students’ knowledge were completed with a quiz. Two activities related to these learning outcomes
were carried out in the laboratory, and homework related to the learning outcomes was done in the
classroom again, accompanied by their teacher. In the study, a third lesson plan of 120 minutes was
prepared for the learning outcome of “The student analyzes the effect of pressure on change of state.”
In order to achieve this outcome, after the students watched the theoretical information and the gaps
in their knowledge were filled, two activities were carried out in the laboratory, and homework was
completed in the classroom. Finally, a 120-minute fourth lesson plan was prepared for the learning
outcome of “The student explains the buoyant force exerted by static fluids on objects.” Again, in order
to achieve this learning outcome, after the students watched the theoretical contents and the gaps in
their knowledge were filled, two activities were carried out in the laboratory, and homework was
completed in the classroom.

ACTIVITIES CARRIED OUT IN THE LABORATORY WITH THE EXPERIMENTAL GROUP STUDENTS

In the study, 10 activities were carried out in a laboratory environment by having all the students
work in groups. The students carried out these activities with their physics teacher, who was also one
of the researchers. After completing each activity, they wrote a group activity report. In the activity
reports, the students were asked to discuss the results of the experiment regarding the status of the
hypothesis proposed at the beginning of the activity. For example, in the third activity, the hypothesis
"The liquid pressure at a point is directly proportional to the vertical distance of this point to the open
surface of the liquid" was proposed and the students were asked to write down their ideas about the
hypothesis by observing the inflation amounts of the balloons connected to the holes opened in
different parts of the water-filled canister. They were also asked to interpret the activity results.

Figure 3. Examples of Students’ Work During the Activities

o

WORKS DONE IN THE CONTROL GROUPS

In the control groups, lesson plans were prepared by the researcher, the physics teacher of the
study groups, in accordance with the yearly plan of the Ministry of National Education Board of
Education. The lessons were taught using direct instruction, discussion, question, and answer
techniques, and demonstration experiments were conducted for application. In the theoretical
transmission of the subjects, the narration in the videos prepared for the experimental groups was
followed. At the end of the lessons, homework was given to the control group students to reinforce
the subjects, and they were given quizzes from time to time. Five activities were done in parallel with
the textbook.
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DATA COLLECTION TOOLS

Data collection tools used in the study are the "Multiple Choice Academic Achievement Test”
(MSAAT), the “Physics Performance Level Test” (FPLT), the “Logical Thinking Group Test” (LTGT), and
the “Physics Lesson Attitude Scale” (PLAS).

MSAAT: In order to determine the academic achievement levels of the students in the subject
of “Pressure and Buoyancy”, 54 multiple-choice questions based on the related learning outcomes
were prepared after examining various textbooks, test books, and materials. The content validity of
the test, the appropriateness of the questions to the learning outcomes, and the level of the students
were ensured by obtaining expert opinions from 4 physics teachers whose professional experience
ranged from 10 to 25 years. Based on the expert opinions, 14 questions were removed because they
were not appropriate to students’ level, were not clear enough, and were measuring the same
outcome. Thus, the number of questions was reduced to 40. The item analysis of this test was
conducted by administering the test to 98 11th grade public school students who had knowledge about
the subject. The coefficient of internal consistency Cronbach’s alpha was found to be .78. The test was
administered as a pretest and posttest and the duration of the exam was determined as 40 minutes.
Each correct answer in the test was scored with a score of 2.5, each wrong answer or question left
blank with a score of "0". Thus, the possible test scores range from 0 to 100.

MSAAT Sample Question
K L
Liguit Liquit
L | |
X ¥
>V S s

Equal volumes of K and L liquids seen in Figure are taken and placed in X and Y containers with
base sections of S and 2S.

Accordingly, what is the Px/Py ratio of the liquid pressures in the X and Y containers?
A) 2 B)3 C4 D)5 E)6

FPLT: In order to determine students’ physics performance levels, four basic questions were
prepared based on the learning outcomes of the “Pressure and Buoyancy” subject. The questions were
prepared by examining the science questions asked in the PISA exams, and each of the questions
consists of three sub-questions. PISA is a research conducted to determine the science and math
literacy and reading skills levels of 15-year-old students in today’s information society (Anil et al.,
2015). One of the sub-questions for each basic question was multiple-choice, one was “true-false” and
the other was open-ended. Multiple-choice questions were assessed as “5”, true-false questions as
“10”, and open-ended questions as “10” points. In order to determine the appropriateness of the
questions to students’ levels and the learning outcomes, expert opinions were taken from 4 physics
teachers whose professional experience ranged from 10 to 25 years and one academician. The highest
score that students can get from the exam is “100” and the lowest score is “0”. The duration of the
exam was determined as 40 minutes.

FPLT Sample Question

A small iron nail sinks in water, but large ships made of iron do not sink in water. The state of an
object sinking, floating, or suspended in a liquid is related to the density of the object and the liquid.
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Objects with a density equal to that of the liquid remain in equilibrium at any point so that all of them
remain in the liquid, while objects with a density greater than the liquid sink in the liquid and objects
with a density less than the liquid floats.

I- Which of the following is the reason for large air tanks built in the lower sections of the ships?
A- To increase the sinking volume of the ship

B- To make the ship move fast

C- To take shelter in these air tanks in case the ship sinks

D- To reduce the iron ratio and increase the air ratio in order to ensure that the total density of
the ship is smaller than the liquid.

E- To keep the ship level

II- In a container filled with liquid, an apple stays in balance at a depth of 10 cm from the liquid
surface and lemon at a depth of 20 cm from the liquid surface without touching the bottom of the
container. Therefore, the density of lemon is greater than the density of apple

TRUE (...) FALSE (...)

II- Ali throws his plastic toy into the water, then heats the water. He observes that as the
temperature of the water increases, the toy sinks more into the water. Explain the reason for this
event, taking into account the change in the density of the water and the toy with temperature.

LTGT: Originally developed by Roadranga, Yeany, and Padilla in 1982, the 21-item test was
formed by selecting items with high validity and reliability from tests that measure students’ different
reasoning abilities (Ankney & Joyce, 1974; Burney, 1974; Lawson, 1978; Longeol, 1968; as cited in
Korkmaz, 2002). The LTGT was translated into Turkish in 1989, first administered to 192 university
students, then to 1298 middle and high school students. The validity and reliability studies were also
conducted. The alpha reliability coefficient was found to be 0.78. Korkmaz (2002) administered the
test to 7th grade students to measure their problem-solving skills. The results revealed that the test
could be used to measure the logical thinking and problem-solving skills of middle school students in
Turkey. In the present study, the LTGT was used to measure students’ problem-solving skills. The test
consists of 18 multiple-choice questions and three open-ended questions. In the first 18 questions of
the test, the student who answered the question correctly and provided an acceptable reason for
his/her answer was given a “1” point, and the student who answered the question or the reason wrong
was given a “0”. The correct answer to the last three open-ended questions was scored as “1” and the
wrong answer were scored as “0”. The duration of the exam was determined as 40 minutes.

PLAS: Developed by Kocakiilah and Kocakdlah (2006), the PLAS was used to examine the effect
of the application of the FCM in physics lessons on the students’ attitudes towards the physics lesson.
The five-point Likert type scale was labeled as “totally agree, agree, undecided, disagree, and strongly
disagree”. There are 15 positive and 15 negative items on the scale. “I would like to learn more about
physics subjects” is a sample from the positive items, and “The subjects taught in physics class bore
me” is a sample from the negative items. The reliability coefficient of the scale was calculated as 0.96
for the pretests and 0.97 for the posttests for this study. The administration time was determined as
20 minutes. The scale was administered to the experimental and control groups as a pretest and
posttest.

DATA ANALYSIS

Before analyzing the data collected in the study, the assumption of normality was tested. The
experimental and control groups’ pretest and posttest scores met the assumptions of normality for all
the variables. Shapiro-Wilk test was applied in accordance with the number of participants (Razali &
Wah, 2011). The p values of these tests calculated using the Shapiro-Wilks analysis were found to be
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greater than .05. Thus, it can be said that the assumption of normality was met. In this context, in order
to test whether there was a significant difference between the variables of academic achievement,
physics performance level, problem-solving skills, and attitude towards the lesson between the
experimental and control groups, the collected data were analyzed using the t-test for independent
groups in the SPSS program. In the independent samples t-test analysis, calculations were made on
the difference scores between the posttest and pretest scores of these four variables. In order to test
whether there was a difference between the pretest and posttest scores of the experimental and
control groups, dependent samples t-test analysis was performed. For interpretation, the significance
level for the hypothesis tests was set to 0.05.

FINDINGS

In this section, the findings of the sub-problems obtained as a result of the application are
included, and the obtained data are explained with tables. Findings, interpretations and tables are
arranged in order of research sub-problems.

1. Is there a significant difference between the academic achievement scores of the
experimental group in which the FCM was applied and that of the control group who were taught
according to the physics curriculum?

The independent samples t-test analysis results for the first sub-problem are given in Table 2.

Table 2. Independent Samples t-Test Analysis Results of the Experimental and Control Groups According
to the Academic Achievement Variable

Group N X S sd t p

Experimental 59 20.99 7.66

Control 62 15.37 10.02 119 3.452 001
p<.01

Table 2 shows that there was a significant difference between the academic achievement scores
of the experimental and control groups (t(119)=3.452, p<.01, n?=0.09). The academic achievement
scores of the experimental group (x=20.99) were higher than that of the control group (x=15.37).
According to this result, in terms of academic achievement variable, the FCM led to a significant
difference in favor of the experimental group.

2. Is there a significant difference between the physics performance level scores of the students
in the experimental group in which the FCM was applied and that of the control group who were taught
according to the physics curriculum?

The independent samples t-test analysis results for the second sub-problem are given in Table 3.

Table 3. Independent Samples t-test Analysis Results of the Experimental and Control Groups According to the
Physics Performance Variable

Group N X S sd t p
Experimental 59 20.66 10.63 119 4.168 000
Control 62 12.59 10.63

p<.01

Table 3 shows that there was a significant difference between the physics performance level
scores of the experimental and control groups. (t(119)=4.168, p<.01, n?=0,13). Experimental group
physics performance level scores (x=20.66) were higher than the control group scores (x=12.59).
According to this result, in terms of the physics performance variable, the FCM led to a significant
difference in favor of the experimental group.
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3. Is there a significant difference between the problem-solving skills scores of the students in
the experimental group in which the FCM was applied and that of the control group who were taught
according to the physics curriculum?

The independent samples t-test analysis results for the third sub-problem are given in Table 4.

Table 4. Independent Samples t-Test Analysis Results of the Experimental and Control Groups According
to the Problem-Solving Skills Variable

Group N X S sd t p
Experimental 59 3.42 2.71

119 1.055 .294
Control 62 2.83 3.33

p>.05

Table 4 shows that no significant difference was found between the problem-solving skill scores
of the experimental and control groups (t(119)=1.055, p>.05). Although the problem-solving skill
scores of the experimental group (x=3.42) were higher than that of the control group scores (x=2.83),
the difference was not significant.

4. Is there a significant difference between the attitudes towards the physics lesson scores of
the students in the experimental group in which the FCM was applied and that of the control group
who were taught according to the physics curriculum?

The independent samples t-test analysis results for the fourth sub-problem are given in Table 5.

Table 5. Independent Samples t-Test Analysis Results of the Experimental and Control Groups According
to the Attitudes Towards the Physics Lesson Variable

Group N X S sd t p
Experimental 59 6.27 16.81

119 2.427 .017
Control 62 -1.48 18.25

p<.05

Table 5 shows that there was a significant difference between attitudes towards the physics
lesson scores of the experimental and control groups (t(119)=2.427, p<.05, n? =.05). The attitudes
towards physics lesson scores of the experimental group (x=6.27) were higher than that of the control
group scores (x= -1.48). According to this result, in terms of the attitudes towards the physics lesson
variable, the FCM led to a significant difference in favor of the experimental group.

DISCUSSION AND CONCLUSION

According to the study findings, in terms of students’ academic achievement levels, there was a
significant difference between the experimental group, in which the FCM was used, and the control
group, in which the curriculum-based teaching, was done in favor of the experimental group.
Accordingly, it can be said that the FCM was effective in increasing students’ academic achievement
levels.

In the literature, there are many studies that concluded that the FCM increases academic
achievement (Finkenberg & Trefzger, 2019; Ismail & Abdulla, 2019; Limueco & Prudente, 2018). In his
study, Yestrebsky (2015) divided his students into four levels A, B, C, D according to their achievement
level in chemistry, and determined that the applications of the FCM model increased academic
achievement in groups A and B with high achievement levels. Another study conducted by Leo and
Puzio (2016) concluded that the FCM was effective in increasing the academic achievement of 9th
grade students in biology. Similarly, Yurtlu (2018) reported that the application of the FCM in science
classes increased achievement. Also, Akglin (2015) obtained data showing that the FCM increased
academic achievement in the Information Technologies and Software lesson. In the present study, it
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can be said that the academic achievement of the control group may have increased due to the
successful implementation of the methods required by the Physics Curriculum. However, according to
the achievement scores of both groups, the achievement level of the experimental group, in which the
Flipped Model was used, was significantly higher than that of the control group. Accordingly, it can be
stated that the FCM is more effective than the methods offered by the Physics Curriculum. The fact
that the students did more activities in groups in the experimental group, and that they came ready to
the class due to the theoretical knowledge they received before the activities can be shown among the
reasons for the achievement difference between the two groups.

There was a significant difference between the physics performance level scores of the
experimental group, in which the Flipped Model was used, and the control group, in which the
methods offered by the Physics Curriculum were used. Accordingly, it can be said that the FCM was
effective in increasing the physics performance levels of the students.

In the literature, many studies revealed that the FCM improves learning performance (Lai &
Hwangs, 2016; Strelan et al., 2020; Tune et al., 2013; Weaver & Sturtevant, 2015). A study on
engineering education by Baytiyeh and Naja (2017) concluded that the model deepened students’
learning and improved their problem-solving and critical thinking skills. Another study on the Algebra
lesson by Kadry and Hami (2014) put forth that the model increases the learning performance and
recall levels. Bawang and Prudente (2018) concluded in their study that the FCM is effective in
increasing students’ performance in physics. In the present study, although the physics performance
variable was related to academic achievement, it mostly focused on students’ higher-order thinking
skills such as analysis, synthesis, and evaluation. The fact that the students had the opportunity to
practice more with various materials in the classroom environment with their theoretical knowledge
ready may have affected their physics performances positively. In their study, Acar and Ogretmen
(2012) revealed that as the time allocated to learning at school increased, students’ science
performance increased, and as the time allocated to learning at home increased, performance
decreased. At this point, it is of great importance what kind of work students do at home and how they
use their time during the learning stage. The fact that the theoretical contents required by the FCM
and the instructional applications changed places in the present study increased students’ physics
performance during the applications in school.

No significant difference was found between the problem-solving skill scores of the
experimental group, in which the FCM was applied, and the control group, in which the curriculum-
based instruction was used. In this context, one possible explanation to this finding is that the
outcomes of the program were meticulously fulfilled by the teacher in the control group, where lessons
were taught in accordance with the Physics curriculum. In addition, the FCM has been limited to the
subject of “pressure and buoyancy” within the scope of the research. Considering a skill that requires
comprehensive thinking processes such as problem-solving skills, it can be said that the application
time is insufficient for the development of this skill. In a study conducted by Jensen et al., (2015), the
FCM was not found to be effective for basic learning and deep learning. The results of the study, in
which the FCM was used in the experimental group and the constructivist approach and active learning
were used in the control group, show that the communication time that the students spend with their
teachers at school is more effective on their learning than the time they spend at home. According to
Odabasi (1997) and Usun (2000), it is emphasized that many factors such as individual differences,
cooperation, cognitive skills, the teacher's role as a guide, learning by doing are necessary for the
development of problem-solving skills.

Various studies in the literature revealed that the FCM improves problem-solving skills (Alias et
al., 2020; Bawang & Prudente, 2018; Lin, 2019; Zappe et al., 2009). In the present study, unlike the
studies in the literature, no difference was found between the problem-solving skills of the control
group, who were taught in accordance with the curriculum, and the experimental group students. The
examination of 2007, 2013, and 2017 science and physics curricula show that the curricula are
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centered around the research-examination strategy and that a perspective that will contribute to the
development of students’ problem-solving skills has gained importance. In this context, it can be said
that the outcomes of the program were meticulously fulfilled in the present study by the teacher in
the control group, where lessons were taught based on the physics curriculum. In addition, in the
present study, the FCM was limited to the subject of “Pressure and Buoyancy”. Considering a skill that
requires comprehensive thinking processes such as problem-solving skills, it can be said that the
application time was insufficient for the development of this skill. In a study conducted by Jensen et
al. (2015), The FCM was not found to be effective for basic learning and deep learning. The results of
the aforementioned study, which used the FCM with the experimental group students and used the
constructivist approach and active learning with the control group students, showed that the
communication time that the students spend with their teachers at school was more effective on their
learning than the time they spend at home. According to Odabasi (1997) and Usun (2000), many factors
such as individual differences, cooperation, cognitive skills, the teacher’s role as a guide, learning by
doing are necessary for the development of problem-solving skills.

Furthermore, in the present study, a significant difference was determined in favor of the
experimental group, between the attitudes towards the physics lesson scores of the experimental
group, in which the FCM was applied, and the control group, which followed the curriculum. In the
literature, there are studies that revealed the FCM positively affected the attitude towards the lesson
variable (Guerrero et al., 2015; Koray et al., 2018; Yurtlu, 2018). Bell (2015) concluded that the
application of the FCM in the physics lesson positively affected students’ attitudes towards the physics
lesson. Bell (2015) put forth that the students in the group in which the FCM was applied had high
attitude scores because they had the opportunity to work in cooperative groups, they used various
materials in the context of the subjects, they had the chance to review their homework together with
their teacher, and they had the opportunity to watch the theoretical lessons at the speed and
frequency they wanted in a very comfortable environment. In their study, Steen-Utheim and Foldnes
(2018) emphasized that the FCM increased the participation of Norwegian university students in math,
thus increasing the learning experience of the students. In the same study, students also found the
model effective in terms of feeling safe in the classroom, using the physical environment and
communicating with their peers and teachers. The study conducted by Smallhorn (2017) emphasized
that the FCM improved students’ communication skills with each other and with their teachers and
increased their participation in academic life, rather than increasing students’ academic achievement.

The following recommendations can be made in line with the study results: It is important that
the students who will use the FCM have individual learning and self-learning skills. By determining
these skills in advance, choosing the extracurricular and in-class activities and materials to be prepared
according to students’ characteristics can facilitate the fulfillment of the expected goal. One of the
problems faced by the practitioner in the FCM is related to the follow-up of responsibilities outside the
classroom. Platforms where the practitioner can check whether or not students fulfilled their
responsibilities regarding materials developed within the framework of out-of-class responsibilities in
the FCM should be built and these platforms can send warning notices. In the present study, the FCM
was applied to teach the “Pressure and Buoyancy” unit. The effects of using the FCM to teach the other
units in the physics curriculum can be discussed and examined. In order to popularize the use of the
FCM, the data obtained can be made available to teachers and students by creating a common
platform and archive. New studies can be conducted to measure the effectiveness of the FCM on
students’ satisfaction. The lack of qualitative studies on the FCM is emphasized by researchers like
Clark (2013) and Coufal (2014). In this context, researchers can design qualitative studies using the
FCM.
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LIMITATIONS and ETHICAL CONSIDERATIONS

The limitations of the present study are as follows: The study is limited to the subject of
“Pressure and Buoyancy” and was applied over a five-week period. The students in the group in which
the model was applied encountered this model for the first time.

Interpretation of the results in this study depends on the effects of threats to the internal validity
of the study. In determining the equivalence of the classes, the year-end physics lesson achievement
averages and vyear-end general achievement averages of the previous year were taken into
consideration. If there is a maturation effect, both groups will be the same or similar to each other in
the post-tests after the application. In addition, since there was no significant event related to the
dependent variables of the study and the application process before the application, any past effects
did not affect the study. There was no participant who left the study for any reason during the study.

Measuring tool impact, as a different type of threats, was checked in both applications using the
same items, the order of application of the tools, and the same data collector. Another consideration
related to instrument application, five weeks have been accepted as enough to prevent the testing
effect. Access to the video links of the control group participants was not allowed in order to avoid
interaction between the groups.

The study was approved by the decision of the Human Research Ethics Committee of Zonguldak
Biilent Ecevit University, dated 31.01.2018 and issued 303.
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