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ABSTRACT
In class environments, the flipped classroom (FC) model has been found to increase students'
attitudes, achievement, and motivation. However, the practical effects of the FC model in laboratory
environments have not been introduced into the literature. Therefore, in this study, the effects of
the FC model on the laboratory self-efficacy skills and attitudes of higher education students were
investigated within the scope of the physics laboratory course. The data were purposively collected
from a group of 84 first-year university students aged between 18-20, who were, then, sorted out
into two groups: experimental and control. The sequential explanatory design model by Creswell
was used, which is a subcategory of the mixed-methods design. While the FC model was applied to
the experimental group, the traditional classroom model was used in the control group. In the data
collection process, qualitative and quantitative data collection tools were used sequentially. The
experimental results obtained at the end of a six-week study showed that the FC model significantly
improved the laboratory self-efficacy and attitude towards the laboratory of higher education
students. Therefore, the FC model was also found to have positive effects in laboratory
environments.
Keywords: flipped classroom model, augmented reality, information technologies, physics laboratory,
science education
Introduction and Theoretical Framework
The common point of the solutions for maximizing student-teacher interactions is to make
students more active by teaching them how to learn in a student-centred environment (Brewer &
Movahedazarhouligh, 2018). The targeted development in the learning environment can be achieved
by any method or pedagogical approach in which students are active. Active learning expresses how
students participate in activities, reflect their ideas and use them. Active learning is a broad-based term
consisting of different teaching methods to involve students in their learning and to develop and
maintain a higher level of learning (Zepke, 2013). Therefore, active learning has made a popular
teaching approach in higher education. Many studies have shown that the use of active learning
methods can increase learning outcomes without compromising on the content (Owens, Sadler,
Barlow, & Smith-Walters, 2017). Educators who understand the importance of active learning have
developed new strategies to activate students in the learning process (Findlay-Thompson &
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Mombourquette, 2014). However, the strategies developed within the scope of active learning limit
the amount of time students need to actively use in the classroom. Teachers may not practise enough
in their learning environment. Because they devote most of their time not to practising but to teaching
theoretical knowledge, students may not be able to communicate with their peers or teachers (King &
Newmann, 2001). According to some research, the FC model provides a solution to this problem.
Thus, recently, educators have supported the FC model, claiming that students have more
opportunities in active learning as this model promotes participation in interactive and high-level
activities (Chuang, Weng, & Chen, 2016). The FC model is popular instructional model, in which
activities traditionally conducted in the classroom become home activities, and activities normally
constituting homework become classroom activities (Bergmann & Sams, 2012; Sohrabi & Iraj, 2016).
The FC model based on active learning (Chen, Wang, & Chen, 2014) has recently become one of the
most popular technology-based learning models (Jensen, Kummer, & Godoy, 2015). The FC model
is seen as an important tool that provides opportunities for students in higher education to learn on
their own. In addition, the FC model is widely accepted by educators because it defines the needs and
capacities of individuals, offers individualized teaching and provides flexibility on planning the
learning, gives homework and adjusts the pace of learning (Davies, Dean, & Ball, 2013). According to
all these studies, it can be said that the FC model supports the learning environments as a process that
enhances the learning experiences and encourages students to take responsibility in order to develop
their learning products.
According to Awidi and Paynter (2019), the FC model can provide cooperation between
instructional technologies that support appropriate student behavior and learning, and provide a
driving force for students to actively participate in their learning. By encouraging discussion and
collaboration, the FC model requires students to learn concepts and ideas through an in-depth study
of content in contrast to passive superficial learning (Burke & Fedorek, 2017). Therefore, the use of
the FC model in K12 education and higher education has been increasing (Álvarez, 2012). The FC
model is defined as an innovative approach in teaching, which has the potential to create active, busy
and learning-centred classes (Brewer & Movahedazarhouligh, 2018). The FC model is also called
inverted instruction or inverted learning, but these terms refer to the same teaching strategy (FidalgoBlanco, Martinez-Nuñez, Borrás-Gene, & Sanchez-Medina, 2017). This model is a special learning
type that requires active participation of students in learning activities before and during face-to-face
lessons with teachers (Strayer, 2012). At the same time, in the learning environment, this model is a
solid pedagogical technique that improves students' comprehension appreciation of the lesson
(Samuel, 2019).
FC Model Benefits and Limitations
There are many benefits resulting from the use of the FC model. It is suitable for all learners
because it has positive effects and can focus on all the students (Sams & Bergmann, 2013). Unlike a
teacher-centred teaching model based on traditional learning, the FC model has two inverted
education stages (Bergmann & Sams, 2012). The first part of the FC model is the planning phase
which is the stage before the course. At this stage, students acquire the basic conceptual information
with online materials (Bergmann & Sams, 2012; Strayer, 2012), so they often receive most of the
information transfer before attending the classroom (Abeysekera & Dawson, 2015). The second part
of the FC model is the in-class learning phase. At this stage, there are active learning activities in the
classroom environment such as laboratory experiments, interactive lessons and problem solving
(Strayer, 2012). Class time is used for active and social learning activities in this method (Abeysekera
& Dawson, 2015). In other words, the content presented in the classroom traditionally such as faceto-face learning is given to the student prior to the class as homework (Herreid & Schiller, 2013), and
students can access the lessons at their own pace (Moffett, 2015). However, in order to increase
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student motivation for courses with active learning activities, students should attend face-to-face
courses at the preliminary information and preparation level (Hao, 2016) because teachers play a vital
role in students’ lives and having face-to-face interaction with teachers is an invaluable experience for
them (Bergmann & Sams, 2012). Out-of-class learning is flexible in the FC model. Students can match
their academic level and individual needs according to their preference, and this matching can take
place at any time and in any place (Moffett, 2015). In the FC model, there remains more time for
students to apply what they learn, to develop high-level thinking skills, to make classroom discussions,
to focus on projects and problem solving (Hwang, Lai, & Wang, 2015). Therefore, this model increases
the time spent in the classroom for active learning. Research that takes into account all these situations
shows that the FC model positively affects students' learning (Davies et al., 2013; Er, Kopcha, Orey,
& Dustman, 2015; Schultz, Duffield, Rasmussen, & Wageman, 2014; Shih, & Tsai, 2017; Strayer,
2012). FC practices show that students' satisfaction and motivation may lead to differentiation or
decrease. The basis of this perception is the possibility of decreasing the frequency and willingness of
participation in the activities as opposed to the expectations of the students. Therefore, the researchers
stated that students were concerned about the resistance to participation in the activities and that this
could reduce the efficiency of the FC model (Gençer, 2015; Hao & Lee, 2016; Herreid & Schiller,
2013; Missildine, Fountain, Summers & Gosselin, 2013; Wilson, 2013). If the FC model is used in all
courses, this may make it difficult for students to prepare adequately for the courses (Hao, 2016;
Wanner & Palmer, 2015). Students may not have the necessary digital skills to manage a technologyintegrated environment (Hao & Lee, 2016).
Self-Efficacy and Attitude in Technology-supported Science Laboratories
The rapid expansion of technology in schools and its integration into teaching have caused
the ways for teacher, student and curriculum interaction to be reconstructed. As a result, changes have
occurred in learning environments. The constructivist learning environment which adopts studentcentred active learning methods is also integrated with computer-assisted teaching methods (Çelik &
Pektaş, 2017). Among these methods, Augmented Reality (AR) applications are the new and popular
applications. Research shows that AR applications have gained popularity because of being flexible,
easy-to-use, user-friendly and low-cost when supported by mobile learning (Jones & Jo, 2004).
Wearable technologies can be used to integrate multimedia tools such as video, audio and graphics
into learning environments (Churchill & Hedberg, 2008). As a result of its integration into written
materials, learners can establish a connection between these tools; thus, learning can result in
meaningful and profound (Burden & Kearney, 2016). The applications which are evaluated within the
methods known as mobile learning are evaluated as the applications of Quick Response (QR) code in
education (Chen, Chang, & Wang, 2008). The environments where cooperative learning is best
practiced are experimental study environments in science and technology laboratories.
Combining technology with physics laboratories provides a different experience for students.
This experience is an opportunity to provide an alternative to difficult-to-reach, expensive, dangerous
and complex experiments (Akçayır, Akçayır, Pektaş, & Ocak, 2016). Computer technology supported
by Internet applications and multimedia is used in educational activities to increase learners'
motivation and learning towards physics. Students prefer to use web pages, interactive video features
and recorded videos outside the classroom to support learning due to technological advances, while
in the classroom they prefer to take responsibility in active learning activities such as discussion,
problem solving and group work. Hence, it can be said that FC practices are the best models that can
be used in laboratory courses, which can move the student's attitude with video and various animations
to the upper level, and enable them to develop laboratory self-efficacy. Self-efficacy is defined as
people's beliefs in their ability to achieve a certain level of performance (Bandura, 1994). Teaching
strategies focusing on providing students with opportunities for performance are well aligned with the
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emphasis on active achievement (actual performance gained through direct experience) as the most
effective source of the knowledge of self-efficacy (Bandura, 1977). The self-efficacy component of the
social-cognitive theory by Bandura is critical for academic achievement, motivation and learning, and
often reviewed in academic studies (Pajares, 1996). The majority of the studies supporting this view
found positive relationships between self-efficacy and performance and attitudes (Sitzmann & Yeo,
2013). This relationship can be explained by the effect of having a high level of self-efficacy belief as
well as many other factors in students' performance. Therefore, it is important to consider the
necessity of high self-efficacy beliefs as well as a positive attitude towards active learning in the
laboratory environment in order for the students to perform laboratory activities effectively and
successfully.
Purpose Statement
Studies in the literature focusing on using the FC model in physics teaching (Aşıksoy &
Özdamlı, 2016; Akı & Gürel, 2017; Deslauriers, Schelew, & Wieman, 2011; Gómez-Tejedor et al.,
2020) are very few. In addition, the laboratory self-efficacy and learning outcomes of students were
largely ignored in these studies. Therefore, the integration of both the FC model and the learning
outcomes in the laboratory will contribute significantly to the science education literature. The aim of
this study is to determine whether the use of the TC (Traditional Classroom) model or the FC model
has a significant difference on the laboratory self-efficacy of the students. To this end, the study of
the subject of electricity is important in terms of its contribution to the literature because according
to the literature, one of the issues that are difficult to be conceptualized and have the potential to be
misunderstood is the subject of electricity in the general physics course (Akbaş & Pektaş, 2011).
Studies have revealed that students face problems in understanding electricity, they have a risk of
misconceptions and they have difficulty in analyzing abstract problems (Chambers & Andre, 1997;
Sencar & Eryilmaz, 2004). Even adults admit that electricity is difficult to understand, similarly to
other subjects in physics (Shipstone, 1998).
Physics laboratories are considered as learning environments where students make high-level
conceptual learning (Çepni, Kaya, & Küçük, 2005). In the realization of this conceptual learning,
attitude is in the foreground. Increasing student achievement in laboratory courses shows a
relationship with student attitudes towards physics laboratory (Palic & Pirasa, 2012). Attitude is also a
positive factor for students' academic achievement in science (Osborne, Simon, & Collins, 2003). In
physics laboratories, it is important to investigate the effects of the use of new models such as FC on
student attitudes and for the contribution of FC to the literature as well. So, the second aim of this
study was to determine whether the use of the TC model with the FC model had a significant
difference on the attitudes of the students. With this study, it is thought that a study into the positive
and negative effects of FC will contribute to the literature through the opinions and suggestions of
the students in the experimental group. The final aim of the study is to describe the practical views of
the students in the experimental group in which the FC model is applied. Based on the stated purposes,
the research questions (RQs) were determined as follows: RQ #1: Is there a significant difference in
terms of the laboratory self-efficacy between the experimental and control group? RQ #2: Is there a
significant difference in attitude scores between the experimental and control groups? RQ #3: What
is the opinion of the experimental group for the FC model?
Methodology
This study employs the sequential explanatory design model under Creswell's mixed models,
which is suitable for both qualitative and quantitative data analysis. On the other hand, qualitative data
was used to increase, expand or support quantitative data. An analysis of the data is conducted in an
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interrelated manner and is often combined in the data interpretation and discussion (Creswell, 2003).
The internal validity of the qualitative dimension of the research was ensured by variations and
participant confirmation. The external validity was attained by making direct quotations from the basic
features of a descriptive analysis and by interpreting the data in detail (Özmen & Karamustafaoğlu,
2019). The indicator was that the qualitative data (created as a result of direct quotation as qualifying
confirmation) coincide with each other. In addition, the activities used in the study were prepared
within the framework of a plan accompanied by an expert in the field in both groups and this plan
was implemented from start to finish.
The Participants
Since the study is a mixed-methods research, there is a need to collect qualitative and
quantitative data from the participants. Therefore, we preferred purposive sampling in the study.
According to Patton (2002), it provides ease of access to critical information for research purposes in
addition to providing a wide range of information in terms of knowledge. Critical sampling was used
in this study. In accordance with this method, students' participation in the physics laboratory course
was chosen as the main criterion. Participants are undergraduate students of science education at one
of the state universities in Turkey in 2017-2018 academic year. In this program, there are two cohorts
(A and B) in which the students were assigned randomly into Class A experimental group with 42 (36
female, six male) students and Class B control group with 42 (40 female, two male) students. 84
students aged between 18-20 participated in the study. The technology itself can have a positive impact
on the student's motivation to participate in the activity, but it can also be a limiting factor depending
on competences and individual differences. (Nicol, Owens, Le Coze, MacIntyre, & Eastwood, 2018).
Therefore, providing all students with technology may not produce the same results. For this reason,
the technology literacy of the students in the experimental group was investigated. Table 1 shows that
most of the students participating in the study were smartphone, Internet and Facebook users (5 years
and more).
Table 1
Experiences by Participants Using Technology
Characteristic
Experience by students using smartphones
1 year to 2 years
2 years to 4 years
5 years or more
Experience by students using the Internet
1 year to 2 years
2 years to 4 years
5 years or more
Experience by students using Facebook
1 year to 2 years
2 years to 4 years
5 years or more

f

%

4
16
22

9.52
38.10
52.38

3
12
27

7.14
28.57
64.29

7
16
19

16.66
38.10
45.24

Experimental Process
The study was conducted in accordance with the content of the general physics laboratory-II
course. This course is a practical course with two lessons per week (45 min. + 45 min. = 90 min.).
This course is guided by an instructor in the physics laboratory. The instructor is responsible for both
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groups and provides guidance and assistance to students in case of need. In both cohorts, a group of
seven people is formed, and the applications are carried out by those students under the guidance of
the instructor. Thus, the experiments were conducted in a laboratory through a collaborative method.
The study was conducted in a six-week period during the 2017-2018 academic year. Information about
the applications was given in the first week. In the remaining weeks, electromagnetism (experiments
involving electric motor and electric bell operation principles), Ohm's law (experiment of measuring
the resistance of a conductor), Wheatstone bridge (Determination of current point zero), Kirchhoff's
law (Calculation of current and voltage separately) and Transformer (using primary and secondary
windings) tests were done. In addition, these experiments are available in the general physics
laboratory-2 course.

Control Group
A conventional method was used in the control group and the experiments were performed
in a laboratory. In the first week of the application, experimental equipment was introduced to the
students in the control group. In the remaining five weeks, the experimental manual including the
experiments to be performed was given to the students. The experiment manual contains the following
sections which students will follow in order: the name and purpose of the experiment, materials used
in the experiment, brief theoretical information aiming to give information about the experiment,
gradual information explaining how to conduct the experiment, findings for recording the obtained
data, conclusion and discussion sections for generalizing the information and the evaluation section
given for measuring performance (Open ended questions). The students in the control group perform
their weekly experiments in the laboratory (in-class) through the guidance of an instructor. During the
course of 90 minutes (45 + 45), they perform all the stages of an experiment in a laboratory in groups
of seven participants.

Experimental Group
The experiments were performed both in laboratory (in-class) and out-of-school
environments (out-of-class) in the experimental group using the FC model. In the FC model, teaching
strategies such as collaborative group work in in-class applications are used to support students'
learning. Therefore, the greatest benefit that the students perceive is to gain the ability to interact and
collaborate with their peers. (McLean & Attardi, 2018). In the FC model, students should be able to
use interactive materials in out-of-class environments as well as to use time effectively without having
any communication problems with the instructor. Therefore, QR code applications have been added
by the researchers on the experiment manual for interaction. The applications developed by the
researchers for each experiment are presented to the students in connection with the QR in the ARbased laboratory manual of the experimental group. Links to video, graphics and additional content
were used for incremental components in the applications. Take Ohm’s law as an example (see Figure
1). When supported by the digital learning environment, students can access information at any time
while working in a collaborative and engaging learning environment. Therefore, it is thought to
provide a more effective education to students than the traditional method.
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Figure 1
Students Interacting with QR Located in AR-based Laboratory Manual

In addition, researches that test the FC model show that it can lead to differentiation or
reduction in student satisfaction and motivation at a later stage. The basis of this perception lies in the
possibility of reducing the frequency and willingness to participate in activities contrary to the students’
expectations. Therefore, when the studies in the literature are examined, one of the factors that can
reduce the effectiveness of the FC model is the resistance by students to participate in activities.
(Herreid & Schiller, 2013). In order to minimize the resistance, AR-based simulations and video
applications have been developed to increase the motivation by students to participate in activities
with smartphones anytime and anywhere. As a result of technology integration in accordance with the
application of the FC model, the AR-supported laboratory manual, which was developed by the
researchers, was used in the experimental group. Access to AR applications was closed when students
arrived at the laboratory (in-class). In this way, in-class activities were conducted under the same
circumstances for both groups. In the applications, there were 8-10 minutes of video on the
installation of the experiment, 8-10 minutes of video introducing the experimental equipment to be
used by the students and explaining the objectives, and a 12-15-minute video supported by simulations
and animations describing the theoretical content of the experiment (see Figure 2). One of the
simulated video applications developed by the researchers and used during the research process was
given in Figure 2 (Ohm’s law). These videos, which made an aggregate of 28-35 minutes, were given
to students in the experimental group as out-of-class activities during the study.
Figure 2
Video Interaction and Simulation Applications in the AR-based Laboratory Manual

In the experimental manual for the experimental group, certain sections such as the
experiment, the conclusion and the question and answer were conducted as in-class activities under
the guidance of the instructor. Therefore, a total of 28-35 minutes was added in the experimental
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group in the process of the experiment. This additional time provides students with more time in the
conclusion and question-answer sections of the experiment and helps them better understand the
unclear and complex points under the guidance of the instructor. The time distribution of a 90-minute
course was given in Table 2.
Table 2
Planning the Time Distribution of a 90-Minute Course
AR-based Laboratory
Flipped Classroom
Traditional Classroom
Guide Sections
Aim
Out-of-class activities
In-class activities
Equipment
(unlimited)
(28-35 min.)
Theoretical knowledge
Experiment*
In-class activities
In-class activities
Result
(90 min.)
(55-62 min.)
Question-Answer
Total
90 min.
(28+62) = (35+55) = 90 min.
Note. This was carried out as both out-of-class activities (video watching for the experiment) and inclass activities (the experiment in the lab) for the experimental group.
As part of the out-of-class applications within the FC model, a Facebook group called the
“General Physics Laboratory” was created in order to increase the interaction by the students in the
experimental group with the instructor, to enable the students to use the time more effectively and to
follow the work of the students (see Figure 3). Facebook is an online communication tool that allows
users to create a custom profile for them to connect with or interact with people (Boyd & Ellison,
2007). Most undergraduate students at the university use Facebook on a daily basis (Kirschner &
Karpinski, 2010). Students interact more on Facebook than online courses. In addition, some studies
clearly reveal that there is the possibility that students can integrate Facebook into university courses
(Bosch, 2009). Students believe that Facebook is a valuable resource as an academic tool, and that they
are encouraged to develop academic connections and academic criticism, and to network and to
improve the learning and learning experience (McCarthy, 2012).
Figure 3
Application Examples on Facebook

In addition, Rambe (2012) stated that Facebook has benefited students by encouraging the
visibility of the common problems that students have with class-based concepts, and at the same time
academics have easily recognized the difficulties faced by students. It is important to provide
appropriate guidance and feedback for learning activities because feedback plays an important role in
all learning activities. Therefore, the aim of the Facebook group is to motivate the students by creating
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a discussion environment with the questions and answers by the researchers. In this way, the
researchers were guided and provided feedback to the students. The learning model and material used
in the study were classified and summarized in Table 3.
Table 3
Learning Model and Material Used in the Application Process
Flipped Classroom Model
(Experimental Group)
Settings
Activities
Resources
Out-of-class
- Preliminary study
- AR-based
(preparation
- Communication
laboratory
before class)
- Interaction
manual
- Facebook
application
In-class
- Conducting
- Laboratory
(active
experiments in
manual
learning)
groups
- Guidance
- Solve problem(s)
teacher
- Peer discussions

Traditional Model
(Control Group)
Activities
Resources
- Preliminary study
- Conducting
experiments by
following
laboratory manual
sections

- Laboratory
manual
- Guidance
teacher

Data Collection
Firstly, a protocol was given to the participants in the study to obtain data on participants'
technology experiences; smartphone and Facebook usage times and the time spent on the Internet. In
this study designed as a mixed-methods model, self-efficacy and attitude scales were used to collect
quantitative data. A semi-structured interview form was used to gather qualitative data. In order to
measure the students’ laboratory self-efficacy, firstly, the “Criteria for the effective use of teachers’
laboratory material” which was introduced by Linn and Gronlund (1995) into the literature and
developed by Çepni et al. (2005) as “Items that measure teachers’ attitudes and competences towards
laboratory study” was adapted to the research problem. As a result of this study, the pre-test form of
the data collection tool was formed by Böyük, Demir and Erol (2010). For each question in the
questionnaire used in the research, the students were asked to rate as [(1) absolutely insufficient, (2)
insufficient, (3) partially sufficient, (4) sufficient, (5) absolutely sufficient]. There were 18 questions in
the questionnaire, so the self-efficacy scores of the students who participated in the study were a
maximum of 90 points and a minimum of 18 points. Böyük et al. (2010) calculated the Cronbach alpha
reliability coefficient of the scale as .89. The Cronbach alpha, which is the reliability coefficient of the
questionnaire used in this study, was recalculated for both the pre-test and the final test and the new
sample was taken into account. According to the data, the Cronbach's alpha reliability coefficient was
found as .82 for the pre-test and .87 for the post-test.
For the validity of the scale, content validity study was conducted because the laboratory selfefficacy scale developed by Böyük et al. (2010) was developed for science teachers. Therefore, to adapt
the scale to the pre-service teachers in higher education, eight instructors (science education experts)
evaluated the items in the measuring instrument. The researchers asked the experts to evaluate the
scale's suitability for pre-service teachers (by scoring 1 to 4 for each item). This evaluation was carried
out with the content validity index on an item basis. According to the index, the degree of consistency
between the raters (instructors) should be at least .80 (Szymanski & Linkowski, 1993). The compliance
of the scale was found between .812 and 1.00 and 95.66% as a whole. The degree of consistency at
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this rate indicates an acceptable level. Inter-rater reliability was calculated by non-parametric Kendall’s
W- (Kendall’s coefficient of concordance) analysis. The Kendall W test is used to determine the
compatibility between more than two independent scoring (Legendre, 2005). As a result of this
analysis, it was found that there was a statistically significant agreement between eight different experts
for the 18 items. W (17) = .719 (X2 = 97.812; p = .000). W <.70 and p> .05 can be considered high
as the validity of the test (Legendre, 2005).
To determine the change in students’ attitudes to physics laboratories before and after the
application, the “Attitude Scale towards Physics Laboratory” which was developed by Nuhoğlu and
Yalçın (2004) and tested for its reliability and validity in many studies in the related literature was used.
The scale is rated with five options and four equally spaced Likert types ranging from "Strongly Agree"
to "Strongly Disagree". The scale consists of 36 items related to university students’ attitudes and
perceptions towards physics laboratories. Nuhoğlu and Yalçın (2004) calculated the Cronbach's alpha
reliability coefficient of the scale as .89. Likewise, the construct validity of the scale was provided by
factor analysis by Nuhoğlu and Yalçın (2004). At the end of the rotation with Varimax Factor Analysis
for scale items on attitude, it was decided that the scale was one-dimensional. Kaiser-Meyer-Olkin
(KMO) coefficient and Bartlett Sphericity test were used to determine the suitability of the data for
factor analysis and sample adequacy. In this respect, the compliance of the data with the sample group
was found to be KMO value at .854 and Barlet Test value was found as 3386.70. The sample is
adequate if the value of KMO is greater than 0.5 (Field, 2000).
For the reliability of the scales, the stability of the measured values obtained from the repeated
measurements under the same conditions is an important indicator (Carmines & Zeller, 1982). The
Cronbach's alpha reliability coefficient of the questionnaire used in this study was re-calculated for
both the pre-test and the final test, taking the new sample into consideration. According to the data,
the Cronbach's alpha reliability coefficient was found as .78 for the pre-test and .81 for the post-test.
In order to reveal the opinions and suggestions of the participants in the experimental group
on the use of the FC model in physics laboratories, a semi-structured interview form was developed
and interviews were conducted with the students. The purpose of these interviews is to have an indepth understanding of the students' thoughts on any activity.
The semi-structured interview form was given to the experimental group (N = 42) in which
the AR-based FC model was applied. In this form, a question like “What are the advantages and
disadvantages of the FC model teaching practices for the learning process?” would qualitatively
describe the views of the participants in the experimental group.
Data Analysis
First of all, in order to gather information about the experiences of participants using
technology, the time spent using the smartphone and Facebook and the time spent on the internet
were analysed through the descriptive statistics method (see Table 2). An analysis of the collected data,
including reliability analysis, was performed with a computer-aided statistical program. Before that,
whether the data from the experimental and control groups showed a normal distribution was
examined. In this study, Shapiro-Wilk test was used because the number of students was below 50 (n
= 42). When the Shapiro-Wilk test for the “Laboratory Self-efficacy Scale” (experimental group, p=
.17; control group, p= .22) and “Attitude Scale Towards Physics Laboratory” (experimental group,
p= .13; control group, p= .34) was applied to both experimental and control groups, there was no
significant difference in the p <.05 level in the experimental group and control group. Therefore, it
was concluded that the experimental group and control group data showed normal distribution in
both scales. For this reason, the parametric statistical tests were used in the analysis. Thus, an
independent sample t test was performed as pre-test and post-test to determine whether there is a
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significant difference between the laboratory self-efficacy and laboratory attitude scores of the
experimental and control groups.
An analysis of the qualitative data obtained as a result of the interview with the students who
participated in the study on a voluntary basis was made by the content analysis method. Content
analysis consists of a variety of processes for determining the research questions to be answered,
selecting the sample to be analysed, identifying the categories to be applied, determining the coding
process and coding training, applying the coding process, determining the reliability and analysing the
results of the coding process (Kaid & Wadsworth, 1989). In the data analysis process, firstly the
research data were coded and themes were formed. After that, codes and themes were arranged and
the findings were interpreted. Students were coded in the form of Pre-service Science Teacher (PST1PST42) numbered from 1 to 42.
With the help of expert opinions and objective coding, most content analysis studies can
provide validity standard (Potter & Levine-Donnerstein, 1999). Reliability of the measuring instrument
was tested with a percentage of the agreement between two field education experts (Şencan, 2005).
Students’ opinions were evaluated separately by two field education experts. Then, Reliability =
Agreement / (Contract + Disagreement) reliability formula by Miles and Huberman (1994) was used
in the content analysis of the data collected by calculating the matching ratios in the research. As a
result, the reliability of the coding was calculated as 82% and considered to be reliable. The analysis
of the research is expected to be more than 70% of reliability (Miles & Huberman, 1994).
Findings
RQ #1: Is there a significant difference in terms of the laboratory self-efficacy between the experimental and control
group?
In order to test whether there is a significant difference between the laboratory self-efficacy
scores of the students in both groups, a t-test analysis was performed. Thus, the equivalence of both
groups was investigated and no significant difference was able to be found. After the application, the
groups were given the same measurement tool as the post-test and the difference between the posttest scores of the groups was significant. Pre-test and post-test t test analyses are given in Table 4.
Table 4
T-test Results for the Pre-test and Post-test Means of the Experiment and Control Groups for Laboratory Self-Efficacy
Variable Group
N
Mean
SD
T
p
Cohen’s d
Pre-test
Control group
42
3.56
.21
1.52 .13
Experimental group
42
3.67
.34
Post-test
*<.05

Control group
Experimental group

42
42

3.77
4.02

.24
.59

2.5

.014*

.545

Although the statistical significance tests are usually used to determine the difference between
the mean scores of groups in the literature, it is not possible to say the same thing for the effect size
which helps to make a more accurate decision about the results obtained by eliminating the effects
caused by the number of samples in those significance tests. The effect size measurements calculated
according to the difference of the group means were calculated as Cohen’s d (Cohen, 1988), (.545) in
Table 4 and (.713) in Table 5 in this study. The Cohen’s d value obtained as a result of the calculations
is interpreted as follows: .20- small effect size; .50- medium; .80 large effect size (Cohen, 1988). Table
5 reveals a significant difference in the post-test in favour of the experimental group. In addition, it
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was concluded that the FC model had a positive effect on the laboratory self-efficacy of university
students.
RQ #2. Is there a significant difference in attitude scores between the experimental and control groups?
The attitude questionnaire was applied to both groups before and after the application to
determine whether the FC model had had an effect on students' attitudes towards physics labs. As a
result, no significant difference was found between the attitude scores of the groups before the
application. Thus, it can be said that the attitudes of both groups are equal before the application.
Table 5
T-test Results for the Pre-test and Post-test Means of the Experimental and Control Groups for Attitude Scores
Varible
Group
N
Mean
SD
T
p
Cohen’s d
Pre-test
Control group
42
3.67
.28
.65
.51
Experimental
42
3.73
.52
group
Post-test

*<.05

Control group

42

4.00

.50

Experimental
group

42

4.28

.26

3.2
7

.002*

.713

At the end of the application, there was an increase in the attitude scores of the students in
the experimental group. Table 5 shows a significant difference between the groups. As a result, the
FC model seems to have a positive effect on students’ attitudes towards physics laboratories.
RQ #3. What is the opinion of the experimental group for the FC model?
The data obtained from the interviews with the students are presented in two categories. The
first one is classified as the positive effects of FC model and the other one as negative effects of the
FC model. Therefore, when the data obtained from the interview were examined, the students in the
experimental group thought that the FC model applied in the physics laboratory provided some
positive and negative characteristics. Table 6 shows the coding and frequency distributions of the
student expressions obtained from interview data according to the content analysis.
Considering the data in Table 6, some of the most remarkable statements of pre-service
teachers are given below.
PST23: “At first, while experimenting in laboratores, it was the most time-consuming process because it was
a very difficult process to understand. But in the videos I watched in the FC practice, I completed the experiments in a
very short time because I knew the tools used in the experiments and their purposes. So, I had more time to evaluate the
other parts of the experiment.”
PST12: “Generally, the question-answer section never really achieved its goal at the end of the experiments.
These sections were either ignored or given to us as homework, but with this application more time remained in the
laboratory to the question and answer section.”
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PST8: “Before these applications, I was attending classes using both internet and textbooks. But these methods
were both boring and very useless. With this application, I wanted to participate more and more in activities without
getting bored through the Facebook group and watch the videos prepared remarkably. I was also able to access the videos
about the experiments at any time, so I had the opportunity to study anywhere and anytime.”
PST2: “I accessed the videos prepared for us only at home, so watching all the videos took much time.”
Table 6
The Students’ Comments (Advantages and Disadvantages of the FC Model)
Categories
Comments

Advantages of
FC model

Disadvantages of
FC model

Experiments were completed in a shorter time
More time was allowed for questions and answers at the
end of the experiment
I set the studying time myself
Knowing the tools used in the experiment saved time
Preliminary monitoring of the experiment facilitated it
Videos were easily accessed
As a member of the Facebook group I had the opportunity
to study more efficiently
I was afraid to ask questions, so I had the opportunity to
watch videos again and again until I could understand
them
None
Watching videos took a lot of time at home

Responses
37
32
28
25
19
17
14
13
22
10

Conclusion and Discussion
This study took place in a physics laboratory was conducted to measure the effects of the FC
model on the laboratory self-efficacy and attitudes of university students and to find out about their
opinions.
The experimental results regarding the first aim show that the FC model positively affects the
laboratory self-efficacy of students. In accordance with the literature (Berrett, 2012; Deslauriers et al.,
2011; Haak, HilleRisLambers, Pitre, & Freeman, 2011; Lin, 2019), this study shows that a class in
which the FC model is applied can produce better learning outcomes as it increases the opportunity
for more practice. Therefore, the experimental process helps students to acquire better laboratory selfefficacy (Aşıksoy & Özdamlı, 2016; Schultz et al., 2014).
Further to that, the data obtained regarding the second aim of the study show that the FC
model positively affects students' attitudes towards the laboratory, which is also confirm by the related
literature (See also Chao, Chen, & Chuang, 2015; Wanner & Palmer, 2015; Olakanmi, 2017). Studies
on the FC practices reveal that students are more ready to participate in face-to-face, interactive and
high-level activities such as problem-solving and discussion (Gaughan, 2014). However, the benefits
claimed for the FC model are mainly reflected in the self-acquired perceptions and attitudes in the
process rather than directly reflected in the learning outcomes (O'Flaherty & Phillips, 2015).
In contrast, Presti (2016) found that the FC model had no effect on students’ attitudes. There
are many studies that have negative findings as to the FC model providing a significant improvement
in student performance (Blair, Maharaj, & Primus, 2016; Davies et al., 2013; Findlay-Thompson &
Mombourquette, 2014; Karabulut-Ilgu, Jaramillo Cherrez, & Hassall, 2018). This situation was directly
related to the change in the learning process and learning environment. Students may find the FC
model uncomfortable at first sight, and some are not satisfied with the change in the traditional
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approach despite learning outcomes (Strayer, 2012). In addition, students may feel under pressure or
anxious to complete their inverted learning activities (Marcum & Perry, 2015). Therefore, such
negative consequences are possible. On the other hand, it is a different finding that initially students
do not have a positive or negative view of preparing for the course in which the FC model is followed
by watching online videos, but as the time progresses, students’ attitudes towards the FC model have
improved positively and they have adopted access to online content (Smallhorn, 2017). Moreover,
although students’ participation in the FC model, a very new learning environment, has been shown
to lead to a satisfactory decrease in student attitudes (Gutwill-Wise, 2001), this practice has not
adversely affected student satisfaction. The lack of negative attitudes in the study can be evaluated as
a result of the AR and Facebook social media interaction as a measure in the learning process.
Also, student views regarding the third aim of the study revealed important results about the
FC model. The experiments were completed in a shorter time, more time remained for the question
& answer section at the end of the experiment, the time of the study was determined by the students,
pre-understanding of the equipment used in the experiment saved time, pre-monitoring the
experiment made it easier, videos were easily accessed, and as a member of the Facebook group, the
students studied more efficiently in the group that the FC model was applied. The literature review
suggests that the benefits of the FC model include improved participation, more student satisfaction,
more class participation time, more flexibility, immediate support and feedback, higher-level thinking,
and individualized learning experiences (Sams & Bergmann, 2013; Karamustafaoğlu, & Kılıç, 2018).
Therefore, the study findings are consistent with the literature. In parallel with the findings of the
study, Luo, Yang, Xue and Zuo (2019) concluded that the pre-class preparations, the teaching content
and the exercises of the students were clearly useful in the classes in which the FC model was applied.
Similarly, the study of Bedi (2018) found that students showed positive attitudes to video conferencing
and 24-hour availability and participated in online learning in their spare time by using digital learning
tools such as tablets and smartphones.
Furthermore, university students could easily access the videos with their smart phones and
had the opportunity to watch them again with the help of AR applications used. Similarly, in the study
conducted by Butt (2014), the students commented that the video sections including difficult subjects
are frequently re-monitored and that re-watching the videos about a concept creates a very positive
perception in them. Similarly, Wanner and Palmer (2015) have reported students' views that reflect
the tremendous flexibility of the video's ability to identify their time with the FC concept in their study.
In addition, Heijstra and Sigurðardóttir (2018) reports that in their study the flipped class has a distinct
advantage over the traditional class. This advantage allows recordings to be displayed online, and
students to view recordings several times, to pause for note-taking, to delete back if something is not
clear for the first time, and to view recordings at their own pace. The opportunity to track recordings
more than once can support or motivate students to self-control and learn the subject or concept. In
addition, the use of AR and smart phones in the application has provided advantages to the students.
Because it has been beneficial for students who hesitate to ask questions and have the opportunity to
watch the videos until they understand them. In parallel with this finding in the research, students
were found to be embarrassed for asking the concepts they did not understand in the traditional
classroom environment. The findings of this study are similar to those of the literature. Students watch
the videos again and again without considering the thoughts of other students in FC practices (Baepler,
Walker, & Driessen, 2014; Schultz et al., 2014).
Students' views, which include the first two sub-problems of this study, show that the learning
process open to both independent and interactive learning is recognized in connection with the digital
and social media included in the FC model. In fact, Awidi and Paynter (2019) developed a five-point
model that fostered learning in a digital learning environment including having access to resources and
information, support elements and motivation, participation and collaboration, evaluation and
feedback and finally the process of structuring knowledge (Awidi & Paynter, 2019). Therefore, the FC
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model is successful in self-efficacy and attitude with the elements considered in the study. In this study,
the AR and Facebook applications intended to increase student motivation in the FC practice resulted
in an increase in contrast to the decrease in motivation observed in the literature.
Considering students who expressed their views on the negative aspects of the FC model, the
necessity of monitoring videos outside the classroom had a negative effect on students. They stated
that watching videos took a lot of time at home. Therefore, they were negatively affected by the FC
practices. If they do not follow the required courses before the lesson, they do not fully benefit from
the FC practice which requires students to participate in the course (Butt, 2014). To eliminate this
problem, it is necessary to create short videos and to get the opinions and suggestions of students. In
addition, these applications should be frequently included in university classrooms so that students
can become more familiar with them. Thus, there will be a significant increase in the positive attitudes
and opinions of students towards the FC practices.
Limitations and Future Research
Considering the participants’ opinions at the end of the research, it should be noted that the
video duration should be short when preparing videos to be used in the FC model in order not to
reduce the motivation of learners. Because they can get bored while watching videos that take a long
time in out-of-classroom environments. When preparing videos for the FC model, an interview with
a group of students will increase the efficiency of learning. Considering these situations, the
disadvantages of FC model will be reduced. The study was limited to only two learning products for
the physics laboratory. In the studies to be carried out for the FC model, the diversity of learning
products can be increased and the results of applications in different disciplines can be examined. In
addition, this study, which is limited by purposeful sampling, may provide a more generalization as a
result of using different sampling models.
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