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PAPER

Implementing the Flipped Classroom Model  
in Science Lessons for Junior High School Students

ABSTRACT
The present study refers to the idea of the flipped classroom. The flipped or otherwise called 
inverted classroom is a modern teaching concept, which essentially reverses the terms of the 
traditional learning method. The students study the lesson beforehand, outside the classroom 
using new technologies, while the time inside the classroom is mainly devoted to discussions 
and solving questions by the educator, hands-on activities that stimulate the students’ inter-
est and connect the acquired knowledge with everyday problems. Reversing the traditional 
teaching process appears to be paying off for students, as since utilizing classical teaching 
techniques, their performance seemed to decline over time. For this purpose, the flipped class-
room method was applied in a junior high school class in Athens, Greece, for Physics lessons 
during the 2022–2023 school year. At the end of the school year, the students that participated 
in the flipped classroom completed a survey that was developed jointly with the coopera-
tion of the respective teachers who taught the course in order to establish the degree of the 
students’ acceptance of the specific method. The results of the survey and a correlation of 
the students’ performance who participated in the flipped classroom with the performance 
achieved by the rest of the students that followed traditional teaching methods, as well as with 
the previous year’s students’ performance who also followed the classical teaching model, are 
analyzed and discussed.
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1	 INTRODUCTION

Just a few decades ago, it was difficult to imagine a time when someone could 
obtain information about anything from the comfort of their office chair, with a 
push of a button, in a minimum amount of time. Although the research previously 
had a more romantic flavor with the scent of well-worn paper, one had to search for 
hours in encyclopedias and school textbooks or in the bulky volumes in the corri-
dors of a university library for what they were looking for. Our era is distinguished 
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by rapid technological advancement as a massive electronic revolution has occurred 
in the last 30 years. Pupils who are still in school currently are born during this 
period. Millennials, the students born in the 2000s, who are also called “digital 
natives” [1], have an inexhaustible reservoir of information at their disposal due 
to their access to digital media. Presently, in front of a computer screen, one can 
flip through the pages of any book, attend lectures, and, in general, be digitally con-
nected to knowledge, with no waste of effort or time. But, with so much ease being 
so generously offered, have people become complacent? Is it assumed that every-
thing can be mastered easily and quickly without any effort. The truth is not quite 
that simple; one would think, it is the opposite. Students in schools and universities 
appear to be performing worse in traditional face-to-face teaching, which is widely 
used [2]. Teaching in person was once the only way to pass on knowledge. However, 
education is more than just knowledge transfer; the way knowledge is provided 
is also determined by the purpose. In the traditional teaching model, students are 
viewed as a blank canvas when they enter the classroom [3]. It appears that this idea 
is no longer bearing fruit. Students’ monitoring abilities have not changed, but their 
needs and capacities have [4]. As a result, a new teaching model that can present 
the curricula in a more interesting way must be developed and implemented [5]. 
Knowledge is the interaction between what the student already knows and what 
the instructor teaches [6]. This resulted in recognizing the students’ original ideas 
prior to teaching, which was then given various names, such as alternative ideas, 
alternative frameworks, children’s science, etc. [7], [8], [9]. Unfortunately, students 
frequently memorize most things without delving into them. School knowledge 
is usually restricted to the boundaries of the classroom and is only activated in exam 
subjects [2], [10], [11]. Based on the constructive model of Posner et al. in the early 
1980s [12], [13], Professor McDermott in the USA [14], [15] and Professors Driver 
and Oldham in England [16] introduced their own proposals for Science teaching. 
According to this model, students and their alternative ideas are prioritized. During 
the learning process, a set of activities is followed, while the traditional teaching is 
limited. The student is now the main character in education, while the teacher’s role 
is more supportive and guiding. Students are introduced to the so-called conceptual 
change through hands-on activities, investigative and experimental procedures.

In continuation of recent research in new technologies in the area of teaching 
and learning [17], this paper aims to present how the implementation of the flipped 
classroom affects students’ performance.

Τhe rest of the article is organized as follows. In section 2, the concept of the 
flipped classroom is presented, as introduced by Bergmann and Sams [18], [19], [20]. 
In section 3, a reference to previous research on the application of the inverted order 
is attempted, while in section 4, it is applied to the physics course in our respective 
sample and similar research is conducted. Sections 5 and 6 follow, presenting 
the results of the research and a discussion on how beneficial and effective was 
the implementation for the students. The paper ends with some concluding remarks 
and pointers for future research.

2	 NEW	EDUCATIONAL	MODELS	ARE	EMERGING

In an era when almost everything has gone digital, education could not remain 
untouched by this historic development. The Educational community must keep 
abreast of developments and work for the benefit of students. New ways of teach-
ing should be proposed that are more efficient and in line with the requirements of 
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students and the times in general. The concept of the flipped classroom is therefore 
recommended as a step towards a constructive model of teaching and learning.

2.1	 The	constructivist	model	foreshadows	the	flipped	classroom

Millennial students have grown up in a world where they can access information 
at any time and from any location, are active on social media, and have a general 
interest in the digital world [21]. The rapid advancement of technology has opened 
up new avenues and brought new perspectives in learning and teaching [22]. As a 
result, a teaching model that addresses these students’ concerns, understands their 
interests, and engages them in the pursuit of knowledge would be more effective.

Any change, as commonly stated, is difficult and takes time to accept [23]. It has 
been evident in the recent years that students are dissatisfied and tired of school; there-
fore, it is a first-rate opportunity to re-engage them, re-establish lost confidence, and 
return the school to its proper place in society. Everyone, both teachers and students, 
must contribute to this effort. The concept of the flipped classroom is introduced in the 
footsteps of the constructive models envisioned by Driver, Oldham, and McDermott 
[14], [16], which are guided by the needs and alternative ideas of the students.

2.2	 Flipped	classroom

The concept of the flipped classroom has become a modern and popular teaching 
model in recent years, but it isn’t entirely new. Our educational television, shows like 
“eureka” on Canadian television, or our teachers’ instructions to read some small 
piece of material before hearing it for the first time from them could be considered a 
forerunner of this new model of teaching. What is truly novel is the systematic appli-
cation of this asynchronous environment in the process of knowledge and learning 
through the use of new technologies [24]. In fact, combining the traditional teaching 
model with asynchronous education increases the likelihood of learning [25].

The research team of Associate Professor Lage had already been using the teach-
ing method of the inverted classroom in an Economics Department of the University 
where they taught since 2000 [26]. Then, in 2007, another group of researchers 
implemented something similar in the Chemistry course of a high school in the 
United States [19]. This method became known as the “flipped classroom” [23], 
[27]. According to Bergmann and Sams [19], their concept began with listening to 
their students’ needs and peculiarities. There were students in their classes who 
had abandoned the traditional classes due to their involvement in sports, students  
who were absent for any reason other than illness, students who couldn’t keep 
up with the course’s pace and sought assistance outside of class hours and students 
who were frequently unable to take proper notes. As Mazur mentioned, what is said 
and written on the blackboard often goes straight to the students’ notebooks without 
first being filtered through their minds [2]. It was impossible for the teachers to per-
sonalize the lessons every time it was required, therefore, they considered creating 
a series of videos containing their lessons. As a result, an educational platform was 
created and all of this information was uploaded to it. Today, various platforms 
that are widely used by schools and universities have been exploited in order to 
promote proper interaction among the educational community, and thus students 
become more responsible towards their obligations. Google Classroom, Blackboard, 
Moodle, and other similar platforms are nowadays commonly used [28], [29].
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According to Bergmann and Sams’ flipped classroom model, students can watch 
beforehand videos of the lectures related to the lesson that will follow in the classroom. 
It is critical for the entire lesson to be condensed into a video that is no more that 4 to 
6 minutes long [23]. These videos, in fact, do not have to be created by teachers, but can 
be derived from videos already posted on free platforms such as YouTube, TeacherTube, 
Technology - Entertainment - Design (TED), and Khan Academy, which contain an 
extensive amount of material. However, it has been observed that students feel more 
familiar and secure when they hear their own teacher’s voice in the videos [30], but 
they also resent videos that are longer than 15 minutes [5]. There is so much material 
available through a quick internet search that it would be interesting for students to 
watch videos from different teachers to get a more rounded view of the subject and see 
how the same subject is approached from different perspectives. This type of research 
could be the first step in cultivating their scientific interests. In other words, Bergmann 
and Sams proposed an alternative for the traditional model of teaching; what is due 
in class will be completed at home and what is due as homework will be completed 
in class [19] (Figure 1). As a result, each student, present or absent, can now receive indi-
vidualized instructions. Also, every student in each class, each day, may be addressed by 
the teacher, rendering this method of teaching more efficient [18], [20], [23].

Fig. 1. The model of the flipped classroom

https://online-journals.org/index.php/i-jet
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Simply watching videos and passively reading the supporting material is mean-
ingless. Students should take notes on what they see in the videos and write down 
any questions they have [31]. Students are given the opportunity to better organize 
their study time in this manner, and as a result, they become more responsible [32]. 
The benefits of the flipped classroom include the fact that the supporting material is 
always available on the educational platform and, as a result, students can watch it 
as many times as they want [33], again and again, learning with their own rhythms 
and, ultimately, achieving better results [34]. In the asynchronous teaching phase, the 
flipped classroom model includes completing questionnaires along with the videos 
that students watch to get them more actively involved in the teaching and learning 
process [27]. As a result, the teacher can better organize the live teaching based on 
the weaknesses he discovers in his students [30]. The purpose of the flipped class-
room, however, is to ensure valuable time in the classroom for more meaningful 
topics of a higher level, problems of daily life, and hands-on activities [32], [35], [36]. 
To summarize, the flipped classroom improves and promotes active learning [37]. 
Additionally, a short questionnaire is a common way for the teacher to begin his live 
lesson. Students can use their clicker devices to answer the teacher’s short quizzes 
in a modern and fun way [2]. A clicker device, also known as a classroom response 
system or student response system, is a tool used in educational settings to engage 
students and promote active participation during a lesson. The device typically con-
sists of a handheld remote that allows students to respond to questions or prompts 
presented by the teacher. The teacher immediately receives their responses on the 
computer, and based on the feedback, new challenges for the students are prepared 
and the points that are not as clear and easy to understand are clarified. Of course, 
there are cost-effective solutions, such as the Socrative software [30]. Students then 
respond to the new challenges using a computer or a mobile phone app, and the 
teacher receives the responses instantly, automatically extracting statistics that help 
provide an indicator of how students are responding to cognitive challenges.

At this point, the exercises that would normally be completed at home are carried 
out. The teacher’s role here is not simply to provide information to the students, 
but mainly to be supportive and encouraging. The instructor poses closed-ended 
questions for students to answer individually or in groups, guiding, consulting, and 
explaining the difficult questions. Students’ homework assignments, which were 
previously completed at home, are now completed on the board with the participa-
tion of all students and the assistance of the teacher through an investigative process. 
Through this process, the social role of teaching is highlighted in addition to its con-
structive nature [38]. Students interact and socialize with one another. In general, 
they are activated by taking an active role in the process. Mazur [39] used a similar 
method in the classroom with student-to-student interaction. Even the most hesitant 
students are encouraged to express their opinions, participate in the classroom, and 
regain their lost motivation for the lesson [21]. The more advanced students serve as 
mentors to the less advanced students. Teaching is becoming more inventive, so that 
learning is acquired through a fun mental game.

The reduction of knowledge from the theoretical to the practical level in the 
classroom and its simultaneous connection with everyday life is a key component 
of the flipped classroom. Students are now asked to apply what they’ve learned to 
real-world problems rather than paper exercises. Physics is a living science that 
is inextricably linked to everyday life and can provide such challenges because  
students are constantly wondering what all of this information is for. Is it just useless 
information, or is it directly applicable to our lives? As a result, when students are 
confronted with real-world problems, they will perceive the corresponding lessons 
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in a new light and recognize their significance. Blended learning is therefore defined 
as the above-mentioned combination of a modern environment with students pres-
ent in the classroom and simultaneous asynchronous teaching with digital facilities 
provided by technology [24].

3	 PREVIOUS	STUDIES

In general, the opinion of students in schools, particularly universities, in relevant 
research leave a positive impression on the operation of the flipped classroom. While 
Blair’s research [40] found no differences in the results of students taught using the 
traditional model versus those taught using the flipped classroom model, a number 
of other studies highlighted students’ remarkable improvement and understanding 
of concepts. The flipped classroom appears to favor student involvement and active 
participation in the teaching process over the traditional model’s passive attitude 
[5], [27], [33], [36], [41], [42], [43], [44], [45]. The negative aspect of the entire process 
is the potential difficulty in accessing the internet, as it may not be attainable for all 
students [46], [47], as well as their lack of technological knowledge [48]. The flipped 
classroom model is used in a variety of academic fields. However, because of their 
unique ability to interpret what happens around us in a practical way and through 
hands-on activities, sciences may be the area where the inverted classroom has 
the greatest impact [49]. Following the COVID-19 pandemic and the upgrading of  
students’ skills via online courses via the Webex platform, the need to implement the 
flipped classroom became increasingly important.

The aim of this work was to conduct a similar study to see how students in a 
junior high school of Athens, Greece, perceives the implementation of the flipped 
classroom in Science and in particular in Physics. As previously stated, the science 
of Physics is appropriate for the application of this model. Traditional teaching 
that fills the blackboards with formulas, laws, symbols, and numbers reinforces  
students’ negative attitude towards a meaningless lesson. Pythagoras was the first to 
argue that mathematical equations can describe the works of Nature. It is, therefore, 
time to emphasize the importance of Physics, gradually deconstructing students’ 
perceptions and making them understand how practical science is and applicable in 
everyday activities.

4	 IMPLEMENTING	THE	FLIPPED	CLASSROOM

At the end of the school year, students involved in the flipped class process com-
pleted a questionnaire, the statistical analysis of which resulted in the collection of 
estimates regarding their opinion of the new teaching technique.

4.1	 Participants

The specific junior high school in Athens has three classes with a total of 64 
students. The flipped classroom was chosen as a teaching method based on the most 
populous one. As a result, the class with 22 students was chosen as our research 
sample. Physics was chosen as the subject to follow the flipped classroom model, 
always in accordance with the curriculum. The other two classes, with 21 students 
each, used the traditional teaching method.

https://online-journals.org/index.php/i-jet
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4.2	 Process

At the beginning of the school year, it was announced to the students that they 
were chosen to follow the model of the flipped classroom in Physics, always fol-
lowing the current curriculum. According to the curriculum, Physics is taught twice 
a week. In the first week, the teacher informed the students about the way the  
lesson would be conducted. The educational platform used was Google Classroom, 
as almost all students already had Google accounts. Thus, they were informed about 
the respective application and were instructed to install it on their mobile phones, 
tablets or computers. It was also ensured that all students faced no difficulties 
connecting to the internet at home. Thus, everyone could watch the material that 
would be uploaded to the platform. A video related to the subject, not exceeding 
five minutes in length, was uploaded to the platform prior to each lesson. Khan 
Academy, the YouTube channel “Noesis Science Center” and other sources were 
used to present everyday subjects, while several presentations were made by the 
teacher himself, who videotaped the lesson in OneNote of the Office suite. As a result, 
the teacher’s voice reached the students’ homes as if they were in the classroom. 
Also, relevant material in PowerPoint or PDF format containing theory elements 
was posted on the platform alongside with the video. Students were instructed to 
study what was uploaded and to take notes on course characteristics and mark 
any questions they may have. In addition, students could watch videotaped experi-
ments from the instructor’s channel. At the end of each video presentation, the stu-
dents were required to answer a short questionnaire related to the material given 
to them. The questionnaire basically contained multiple choice questions to easily 
evaluate students; short answer questions were thus avoided. The questionnaire 
had to be completed by the evening before the lesson. In this way, the teacher could 
receive the feedback directly on the computer, record the statistics of each question 
and accordingly prepare the next day’s lesson.

In the traditional classroom, the theoretical background presentation inevitably 
leads to the minimization of experimental time, activities and communication in 
the school environment, since face-to-face teaching often monopolizes the lesson. 
The students, who would be taught using the flipped classroom method, understood 
from the beginning of the school year that the lesson would be presented each time 
in the school’s science laboratory.

Worksheets (see Appendix) with lab exercises were distributed at the beginning 
of the lab lesson. The students were divided into groups of four and given 15 minutes 
to complete the worksheet. Each group had to present the exercise to the class, along 
with their proposed solutions. The result was a fruitful dialogue with the entire class 
as each student voiced his or her opinion, in an atmosphere of cooperation and 
respect. In any case, the teacher, passing through each group, listened to their opin-
ions and guided them in the right direction. For example, the 3rd year junior high 
school students gained special familiarity with electrical circuit construction, as the 
videos they had already watched contained instructions for it. A worksheet of this 
type can be found in the appendix.

Following the completion of problem solving, a brief knowledge test was given to 
the pre-existing groups. The platform’s content included questions and exercises for 
students to complete in their spare time. The teacher then examined the students. 
In the final minutes, the teacher was attempting to clarify the complex parts of 
the lesson, pointing out the students’ errors and misconceptions and connect the 
knowledge gained to everyday problems, with the aid of PowerPoint presentations 
whenever necessary to make it more illustrative.
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4.3	 Survey

At the end of the school year and to determine the degree of agreement of the stu-
dents taught with the flipped classroom teaching method, a printed questionnaire 
of five questions with four possible choices based on a Likert scale was handed to 
them (Table 1). The survey results are then tabulated, presented in pie charts and 
statistically analyzed.

Table 1. Survey addressed to the 22 students who completed the school year 2022–2023 and were  
taught according to the flipped classroom model in Physics

No Questions Strongly Disagree Disagree Agree Strongly Agree

1 Watching the videos and receiving 
supporting material before the lesson 
helped me understand the course.

2 The videos and supporting material 
were clearly prepared and aided 
in adapting the course’s more 
difficult points.

3 The lesson in its classic form of 
teaching is preferable to hands-on 
activities.

4 Classroom activities and teacher 
questions seem equally difficult despite 
the help of asynchronous teaching.

5 The supporting material presentation 
in asynchronous teaching can 
reduce the teacher’s need for 
synchronous teaching.

5	 RESULTS

The survey responses are presented in Table 2 that exhibits the number of stu-
dents who gave each answer (ni), as well as their percentage (%). It should be noted 
that all students (22) answered all the questions.

Table 2. Results and response rates (%) to each question

Questions Strongly Disagree Disagree Agree Strongly Agree

No ni (%) ni (%) ni (%) ni (%)

1 2 (9%) 4 (18.2%) 6 (27.3%) 10 (45.5%)

2 3 (13.6%) 5 (22.8%) 7 (31.8%) 7 (31.8%)

3 8 (36.3%) 6 (27.3%) 5 (22.8%) 3 (13.6%)

4 5 (22.8%) 9 (40.9%) 6 (27.3%) 2 (9%)

5 11 (50%) 7 (31.8%) 3 (13.6%) 1 (4.6%)

The above results could be summarized in Figure 2, where the percentage ratio 
(%) of each response to the corresponding questions is shown.

https://online-journals.org/index.php/i-jet
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Fig. 2. Percentage ratio (%) for each response to questions (1–5) (strongly disagree: red,  
disagree: orange, agree: light blue, strongly agree: blue)

6	 DISCUSSION

Figure 2 contains five numbered diagrams, one for each of the questions. 
Each diagram has the corresponding number of the question in the center, and 
the percentages of each answer are shown in a different color circle depending 
on the answer (Strongly disagree: red, Disagree: orange, Agree: light blue, Strongly 
agree: blue).

According to the data above, a percentage of 75% (27.3% replied “agree” and 
45.5% replied “strongly agree”) finds the supporting videos useful, while more than 
60% (31.8% replied “agree” and 31.8% replied “strongly agree”) believes the spe-
cific videos achieved their purpose, as they were precise and clarified easily misin-
terpreted points. Our research has confirmed what was hypothesized; students are 
becoming dissatisfied with face-to-face instruction and would prefer a method that 
involves them more actively in the learning process. Thus, more than 60% of the 
students (36.3% replied “strongly agree” and 27.3% replied “agree”) want to switch 
to a more constructive teaching model. Students in the flipped classroom had the 
opportunity to use the laboratory and pass from theory to practice with the activi-
ties they had to carry out. Despite the change in teaching flow, several students, at a 
rate close to 40% (27.3% replied “disagree” and 9% replied “strongly disagree”), still 
seem to struggle with the Physics questions. However, what is strongly highlighted 
is the need for a face-to-face teaching in the classroom, as reflected in the fifth ques-
tion with an overwhelming percentage of 80% (50% replied “strongly disagree” and 
31.8% replied “disagree”).

So, after a school year of using the flipped classroom model in Physics, it was 
found that such a teaching method produces more responsible and consistent 
students. Both students and teachers became more involved and hardworking. 
Of course, the teachers needed organization, coordination, and time to prepare 
while students had to keep their ears and brains tuned to receive their teachers’ 
messages. On both sides, there was a constant preoccupation with the subject. 
The students’ trust in the teacher was strengthened and the interaction between  
students, as well as the interaction between teacher and student, was encouraged. 
Time spent in classroom became more efficient. The students’ passive attitude 
was abandoned as the new activities enabled them to play a more active role in 
the teaching process. Cooperation is gaining traction, with even the most hesitant 
and introverted students now putting themselves forward without concerns or 
limitations.

As a result, the students appear to have regained their lost interest. The use of dig-
ital technology in the classroom, which has now become an integral part of students’ 
lives, is bearing fruit. This can be further supported not only by comparing the mean 
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scores from quizzes of the flipped classroom with the corresponding mean scores 
of the other two classes, but also with the mean scores of previous year classes that 
were taught using the traditional model. Of course, the sample size was small and the 
students’ performance varies from year to year, but no one can deny the increased 
student participation and the freshness brought about by the implementation of 
flipped class in the minds of the students.

As a result of this investigation, the application of the flipped class could be 
expanded to more fields of Physics, as well as other courses of the curriculum. At the 
same time, teacher trainings related to this method should start, so that they under-
stand in depth the significance of technology in their teaching. Perhaps the most 
important stake is a higher quality and more substantial involvement of students in 
the learning process.

7	 CONCLUSIONS

To summarize, all changes require persistence and time to be successful. Not 
everyone is open to change, both students and teachers, who are accustomed to 
teaching in the same manner in which they were taught. Any resistance on either 
side can be overcome with proper explanation, guidance, and training. Certainly, 
the task is difficult, time-consuming, and demanding. It necessitates more respon-
sibility on the part of students and teachers, but all of this effort results in more 
substantial knowledge. Students are more motivated as they are more interested 
in the subject, and one of the school’s main goals, which is socialization, is being 
met to a large extent. Thus, everything is done for the students’ needs and in the 
right direction [50], and the only requirement is that teachers must encourage 
their students to use technology to their advantage in the learning process. The 
greatest bet for teachers will be the expansion of the application of the flipped 
classroom to more fields of Physics, but also more broadly to more subjects of the 
curricula.

To this end, we plan to continue in this direction, using the outlets provided by 
technology to regain students’ lost interest in learning. The flipped classroom is one 
such tool, which can, in fact, offer personalized teaching according to the require-
ments and specificities of the students. Future research will be required to establish 
and highlight its significance as reflected in student performance.

8	 REFERENCES

 [1] M. Prensky, “Digital natives, digital immigrants part 2: Do they really think differently?” 
On the Horizon, vol. 9, no. 6, pp. 1–6, 2001. https://doi.org/10.1108/10748120110424843

 [2] E. Mazur, “Farewell, lecture?” Science, vol. 323, no. 5910, pp. 50–51, 2009. https://doi.
org/10.1126/science.1168927

 [3] R. Driver, “Pupils’ alternative frameworks in science,” European Journal of Science 
Education, vol. 3, no. 1, pp. 93–101, 1981. https://doi.org/10.1080/0140528810030109

 [4] M. R. Prensky, Teaching digital natives: Partnering for real learning, Corwin press. 2010.
 [5] M. B. Gilboy, S. Heinerichs, and G. Pazzaglia, “Enhancing student engagement using 

the flipped classroom,” Journal of Nutrition Education and Behavior, vol. 47, no. 1,  
pp. 109–114, 2015. https://doi.org/10.1016/j.jneb.2014.08.008

 [6] D. P. Ausubel, A Cognitive view. Educational Psychology. Holt, Rinehart and Winston. 1968.

https://online-journals.org/index.php/i-jet
https://doi.org/10.1108/10748120110424843
https://doi.org/10.1126/science.1168927
https://doi.org/10.1126/science.1168927
https://doi.org/10.1080/0140528810030109
https://doi.org/10.1016/j.jneb.2014.08.008


 14 International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 19 No. 3 (2024)

Bessas et al.

 [7] R. Driver and J. Easley, “Pupils and paradigms: A review of literature related to concept 
development in adolescent science students,” Studies in Science Education, vol. 5, no. 1, 
pp. 61–84, 1978. https://doi.org/10.1080/03057267808559857

 [8] L. Viennot, “Spontaneous reasoning in elementary dynamics,” European Journal of Science 
Education, vol. 1, no. 2, pp. 205–221, 1979. https://doi.org/10.1080/0140528790010209

 [9] A. Tiberghien and G. Delacote, “Manipulations et représentations de circuits électrique 
simples chez les enfants de 7 á 12 ans,” Revue Francaise de Pédagogie, vol. 34, pp. 32–44, 
1976. https://doi.org/10.3406/rfp.1976.1613

 [10] S. Vosniadou, “Capturing and modeling the process of conceptual change,” Learning and 
Instruction, vol. 4, no. 1, pp. 45–69, 1994. https://doi.org/10.1016/0959-4752(94)90018-3

 [11] J. Solomon, “Learning about energy: How pupils think in two domains,” European 
Journal of Science Education, vol. 5, no. 1, pp. 49–59, 1983. https://doi.org/10.1080/ 
0140528830050105

 [12] G. J. Posner, K. A. Strike, P. W. Hewson, and W. A. Gertzog, “Toward a theory of  
conceptual change,” Science Education, vol. 66, no. 2, pp. 211–227, 1982. https://doi.
org/10.1002/sce.3730660207

 [13] K. A. Strike and G. J. Posner, “Conceptual change and science teaching,” European  
Journal of Science Education, vol. 4, no. 3, pp. 231–240, 1982. https://doi.org/10.1080/ 
0140528820040302

 [14] L. C. McDermott, “Improving high school physics teacher preparation,” The Physics 
Teacher, vol. 13, no. 9, pp. 523–529, 1975. https://doi.org/10.1119/1.2339256

 [15] L. C. McDermott, P. S. Shaffer, and C. P. Constantinou, “Preparing teachers to teach  
physics and physical science by inquiry,” Physics Education, vol. 35, no. 6, p. 411,  
2000. https://doi.org/10.1088/0031-9120/35/6/306

 [16] R. Driver and V. Oldham, “A constructivist approach to curriculum development 
in science,” Studies in Science Education, vol. 13, no. 1, pp. 105–122, 1986. https://doi.
org/10.1080/03057268608559933

 [17] N. Bessas, E. Tzanaki, D. Vavougios, and V. Plagianakos, “Implementing AI in physics 
lessons in the high school,” (accepted for publication in the IEEE CPS proceedings of 
the 10th Annual Conference on Computational Science & Computational Intelligence in 
December 2023). 2023.

 [18] J. Bergmann and A. Sams, “Flipped learning: Maximizing face time,” TD Magazine,  
vol. 68 no. 2, pp. 28–31, 2014.

 [19] J. Bergmann and A. Sams, Flip your classroom: Reach every student in every class every 
day. International society for technology in education. 2012.

 [20] A. Sams and J. Bergmann, “Flip your students’ learning,” Educational Leadership,  
vol. 70, no. 6, pp. 16–20, 2013.

 [21] A. Roehl, S. L. Reddy, and G. J. Shannon, “The flipped classroom: An opportunity to 
engage millennial students through active learning,” Journal of Family and Consumer 
Sciences, vol. 105, no. 2, pp. 44–49, 2013. https://doi.org/10.14307/JFCS105.2.12

 [22] A. Koray, V. Cakar, and O. Koray, “High school students’ opinions about using the flipped 
classroom in physics teaching,” The Turkish Online Journal of Educational Technology,  
vol. 1, pp. 619–624, 2018.

 [23] B. Tucker, “The flipped classroom,” Education Next, vol. 12, no. 1, pp. 82–83, 2012.
 [24] J. F. Strayer, “How learning in an inverted classroom influences cooperation, innova-

tion and task orientation,” Learning Environments Research, vol. 15, pp. 171–193, 2012. 
https://doi.org/10.1007/s10984-012-9108-4

 [25] G. Young, “‘Hybrid’ teaching seeks to end the drive between traditional and online 
instruction,” The Chronicle of Higher Education, vol. 48, no. 28, 2002.

https://online-journals.org/index.php/i-jet
https://doi.org/10.1080/03057267808559857
https://doi.org/10.1080/0140528790010209
https://doi.org/10.3406/rfp.1976.1613
https://doi.org/10.1016/0959-4752(94)90018-3
https://doi.org/10.1080/0140528830050105
https://doi.org/10.1080/0140528830050105
https://doi.org/10.1002/sce.3730660207
https://doi.org/10.1002/sce.3730660207
https://doi.org/10.1080/0140528820040302
https://doi.org/10.1080/0140528820040302
https://doi.org/10.1119/1.2339256
https://doi.org/10.1088/0031-9120/35/6/306
https://doi.org/10.1080/03057268608559933
https://doi.org/10.1080/03057268608559933
https://doi.org/10.14307/JFCS105.2.12
https://doi.org/10.1007/s10984-012-9108-4


iJET | Vol. 19 No. 3 (2024) International Journal of Emerging Technologies in Learning (iJET) 15

Implementing the Flipped Classroom Model in Science Lessons for Junior High School Students

 [26] M. J. Lage, G. J. Platt, and M. Treglia, “Inverting the classroom: A gateway to creating 
an inclusive learning environment,” The Journal of Economic Education, vol. 31, no. 1,  
pp. 30–43, 2000. https://doi.org/10.1080/00220480009596759

 [27] D. González-Gómez, J. S. Jeong, Airado D. Rodríguez, and F. Cañada-Cañada,  
“Performance and perception in the flipped learning model: An initial approach to  
evaluate the effectiveness of a new teaching methodology in a general science class-
room,” Journal of Science Education and Technology, vol. 25, no. 3, pp. 450–459, 2016. 
https://doi.org/10.1007/s10956-016-9605-9

 [28] N. K. Rapi, I. W. Suastra, P. Widiarini, and I. W. Widiana, “The influence of flipped class-
room-based project assessment on concept understanding and critical thinking skills 
in physics learning,” Jurnal Pendidikan IPA Indonesia, vol. 11, no. 3, pp. 351–362, 2022. 
https://doi.org/10.15294/jpii.v11i3.38275

 [29] H. D. Ahmed and G. Asiksoy, “The effects of gamified flipped learning method on stu-
dent’s innovation skills, self-efficacy towards virtual physics lab course and percep-
tions,” Sustainability, vol. 13, no. 18, p. 10163, 2021. https://doi.org/10.3390/su131810163

 [30] M. D. Estes, “A review of flipped classroom research, practice, and technologies,” 
International HETL Review, vol. 4, no. 7, 2014.

 [31] M. Kettle, “Flipped physics,” Physics Education, vol. 48, no. 5, pp. 593–596, 2013. https://
doi.org/10.1088/0031-9120/48/5/593

 [32] J. O’Flaherty and C. Phillips, “The use of flipped classrooms in higher education:  
A scoping review,” The Internet and Higher Education, vol. 25, pp. 85–95, 2015. https:// 
doi.org/10.1016/j.iheduc.2015.02.002

 [33] T. Roach, “Student perceptions toward flipped learning: New methods to increase inter-
action and active learning in economics,” International Review of Economics Education, 
vol. 17, pp. 74–84, 2014. https://doi.org/10.1016/j.iree.2014.08.003

 [34] J. Strayer, The effects of the classroom flip on the learning environment: A comparison of 
learning activity in a traditional classroom and a flip classroom that used an intelligent 
tutoring system. Doctoral dissertation, The Ohio State University. 2007.

 [35] S. J. DeLozier and M. G. Rhodes, “Flipped classrooms: A review of key ideas and rec-
ommendations for practice,” Educational Psychology Review, vol. 29, pp. 141–151, 2017. 
https://doi.org/10.1007/s10648-015-9356-9

 [36] F. Finkenberg and T. Trefzger, “Flipped classroom in secondary school physics educa-
tion,” Journal of Physics: Conference Series, vol. 1286, no. 1, p. 012015, 2019. https://doi.
org/10.1088/1742-6596/1286/1/012015

 [37] B. D. Prasetyo, N. Suprapto, and R. N. Pudyastomo, “The effectiveness of flipped  
classroom learning model in secondary physics classroom setting,” Journal of 
Physics: Conference Series, vol. 997, no. 1, p. 012037, 2018. https://doi.org/10.1088/ 
1742-6596/997/1/012037

 [38] J. R. Hill, L. Song, and R. E. West, “Social learning theory and web-based learn-
ing environments: A review of research and discussion of implications,” The 
American Journal of Distance Education, vol. 23, no. 2, pp. 88–103, 2009. https://doi.
org/10.1080/08923640902857713

 [39] C. H. Crouch and E. Mazur, “Peer instruction: Ten years of experience and results,”  
American Journal of Physics, vol. 69, no. 9, pp. 970–977, 2001. https://doi.org/ 
10.1119/1.1374249

 [40] E. Blair, C. Maharaj, and S. Primus, “Performance and perception in the flipped class-
room,” Education and Information Technologies, vol. 21, no. 6, pp. 1465–1482, 2016. 
https://doi.org/10.1007/s10639-015-9393-5

 [41] J. Handelsman, D. Ebert-May, R. Beichner, P. Bruns, A. Chang, R. DeHaan, and  
W. B. Wood, “Scientific teaching,” Science, vol. 304, no. 5670, pp. 521–522, 2004.  
https://doi.org/10.1126/science.1096022

https://online-journals.org/index.php/i-jet
https://doi.org/10.1080/00220480009596759
https://doi.org/10.1007/s10956-016-9605-9
https://doi.org/10.15294/jpii.v11i3.38275
https://doi.org/10.3390/su131810163
https://doi.org/10.1088/0031-9120/48/5/593
https://doi.org/10.1088/0031-9120/48/5/593
https://doi.org/10.1016/j.iheduc.2015.02.002
https://doi.org/10.1016/j.iheduc.2015.02.002
https://doi.org/10.1016/j.iree.2014.08.003
https://doi.org/10.1007/s10648-015-9356-9
https://doi.org/10.1088/1742-6596/1286/1/012015
https://doi.org/10.1088/1742-6596/1286/1/012015
https://doi.org/10.1088/1742-6596/997/1/012037
https://doi.org/10.1088/1742-6596/997/1/012037
https://doi.org/10.1080/08923640902857713
https://doi.org/10.1080/08923640902857713
https://doi.org/10.1119/1.1374249
https://doi.org/10.1119/1.1374249
https://doi.org/10.1007/s10639-015-9393-5
https://doi.org/10.1126/science.1096022


 16 International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 19 No. 3 (2024)

Bessas et al.

 [42] J. K. Knight and W. B. Wood, “Teaching more by lecturing less,” Cell Biology Education, 
vol. 4, no. 4, pp. 298–310, 2005. https://doi.org/10.1187/05-06-0082

 [43] B. Love, A. Hodge, N. Grandgenett, and A. W. Swift, “Student learning and perceptions 
in a flipped linear algebra course,” International Journal of Mathematical Education in 
Science and Technology, vol. 45, no. 3, pp. 317–324, 2014. https://doi.org/10.1080/00207
39X.2013.822582

 [44] M. A. Christiansen, “Inverted teaching: Applying a new pedagogy to a university  
organic chemistry class,” Journal of Chemical Education, vol. 91, no. 11, pp. 1845–1850, 
2014. https://doi.org/10.1021/ed400530z

 [45] G. S. Mason, T. R. Shuman, and K. E. Cook, “Comparing the effectiveness of an inverted 
classroom to a traditional classroom in an upper-division engineering course,” IEEE 
Transactions on Education, vol. 56, no. 4, pp. 430–435, 2013. https://doi.org/10.1109/
TE.2013.2249066

 [46] Y. Chen, Y. Wang, and N. S. Chen, “Is FLIP enough? Or should we use the FLIPPED 
model instead?” Computers & Education, vol. 79, pp. 16–27, 2014. https://doi.org/10.1016/ 
j.compedu.2014.07.004

 [47] M. F. Londgren, S. Baillie, J. N. Roberts, and I. M. Sonea, “A survey to establish the  
extent of flipped classroom use prior to clinical skills laboratory teaching and deter-
mine potential benefits, challenges, and possibilities,” Journal of Veterinary Medical  
Education, vol. 48, no. 4, pp. 463–469, 2021. https://doi.org/10.3138/jvme-2019-0137

 [48] M. R. Holmes, E. M. Tracy, L. L. Painter, T. Oestreich, and H. Park, “Moving from flipcharts 
to the flipped classroom: Using technology driven teaching methods to promote active 
learning in foundation and advanced masters social work courses,” Clinical Social Work 
Journal, vol. 43, no. 2, pp. 215–224, 2015. https://doi.org/10.1007/s10615-015-0521-x

 [49] S. S. Amanah, F. C. Wibowo, and I. M. Astra, “Trends of flipped classroom studies for 
physics learning: A systematic review,” Journal of Physics: Conference Series, vol. 2019, 
no. 1, p. 012044, 2021. https://doi.org/10.1088/1742-6596/2019/1/012044

 [50] K. Fulton, “Upside down and inside out: Flip your classroom to improve student 
learning,” Learning & Leading with Technology, vol. 39, no. 8, pp. 12–17, 2012.

9	 APPENDIX

9.1	 Worksheet	on	Ohm’s	law

Aim
Investigate how electric current, electric voltage and resistance are related in 

circuits due to fixed resistors and light bulbs.

Theory
The resistance R of a fixed resistor or light bulb is given by: R V

I
=

Apparatus
1.5 V cells
Ammeter
Voltmeter
100 Ω fixed resistor
6V light bulb
Knife switch
Connecting wires
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Procedure
Set up the circuit shown in Figure A1 using 1.5 V cell and measure the electric 

current I.
Add a second 1.5 V cell in series with the first and record the measurement for 

the current I.
Continue adding 1.5 V in series and record the new measurement for the current.
Using the mathematical equation for the resistance, compute the quotient for 

each case.
Fill in the Table A1.

Fig. A1. Electric circuit with fixed resistor

Table A1. Experimental measurements of voltage, current and resistance of the fixed resistor circuit

Voltage (V) Electric Current (Α) Resistance (Ω)

Write down your observations about the resistor’s resistance values. How would 
you characterize the relationship between the voltage (V) and the electric current (I) 
for this fixed resistor?
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Plot a graph to show how the current I varies with the voltage V.

Calculate the slope of the graph you plotted above to determine the resistance R.

 

 

 

 

What is the current through the resistor if the voltage across it is changed to 36 V?
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Replace the circuit’s resistor with a 6 V light bulb as shown in Figure A2. Record 
the measurements of the current in the circuit while varying the voltage and fill 
in Table A2.

Fig. A2. Electric circuit with light bulb

Table A2. Experimental measurements of voltage, current and resistance of the light bulb circuit

Voltage (V) Electric Current (Α) Resistance (Ω)

Write down your observations about the light bulb’s resistance.
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Plot a graph to show how the current I varies with the voltage V.

Does the light bulb obey Ohm’s law? Explain your reasoning.

 

 

 

 

Contrast the behavior of the resistor and the light bulb in the circuits above. Give 
two reasons to support your answer.
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