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Abstract: In this action research study, it was aimed to develop proficiency in Science 
Laboratory Practices (SLP) for prospective classroom teachers (PCTs) with the online flipped 
learning model in the distance education process in the COVID-19 pandemic. A 14-week course 
was designed for the study. The results demonstrated that PCTs showed proficiency 
development in a variety of contexts, such as awareness of the importance of the laboratory, 
knowledge acquisition about laboratory materials, rules and skill development for planning 
and practising a science experiment. The study is of high importance in terms of being an 
exemplary application for the development of proficiency in online flipped SLP and offering 
suggestions about the problems encountered in this process and their solutions. 
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INTRODUCTION 

Science education is of great importance for raising people who will produce knowledge 
and technology. (Bal Taştan et al., 2018). One of the primary goals of science education is to 
raise scientifically literate people (Bybee et al., 2009; Evans & Rennie, 2009; Laugksch, 2000; 
Kolstø, 2001; Pongsophon et al., 2010; Roberts & Gott, 2010).  In general, science literacy is 
the understanding of the scientific method, basic scientific concepts and science policies 
(Miller, 1983). Science literacy skills function effectively in the acquisition of basic concepts 
and principles related to science, developing scientific thinking habits, producing scientific 
knowledge and technology, building a link between science and daily life, and gaining 
democratic citizenship skills. Students use the fundamentals skills of science literacy by using 
skills that scientist use, such as making observations and planning and conducting experiments 
(Jurecki & Wander, 2012). The implementation of laboratory practices that provide an 
opportunity to learn through experimentation and observation in science education needs to be 
realised for the improvement of science literacy of students. 

The purpose of laboratory work in science education is to help students learn science by 
gaining theoretical and conceptual knowledge, and to help them learn about science by 
understanding the nature and methods of science. Another purpose is to enable students to do 
science using scientific research protocols. In addition, laboratory studies are important for the 
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development of analytical and critical thinking skills (Ottander & Grelsson, 2006). Learning in 
the laboratory has long been a critical component of science education (Kwok, 2015; Isozaki, 
2017; Olufunke, 2012). Science laboratory activities are learning experiences wherein students 
engage with materials and/or models in order to observe and comprehend the natural world 
(Hofstein & Lunetta, 2004). Science laboratories are environments where students create 
scientific knowledge, develop basic scientific thinking skills, comprehend the nature of science 
and learn by doing (Hofstein & Lunetta, 2004).  While providing students the opportunity to 
see how nature works (Kwok, 2015), it supports the development of positive attitudes towards 
science (Freedman, 1997). Students embody science lab practice and science concepts through 
experimentation (Harman et al., 2016). At the same time, science laboratory practices provide 
students with the opportunity to gain the ability to observe, plan experiments, interpret 
experimental data, measure, classify, record data, form hypotheses and generate data, change 
and control variables (Platova & Walpuski, 2013).  

Although science laboratory practices are of high value for all education levels where 
science education is carried out, they have a special importance in primary school science 
education. Methods of science education provide direct and meaningful learning for children in 
their early years to promote their natural curiosity (Barak & Dori, 2011; Murphy et al., 2012). 
Since the abstract thinking skills of children are not developed in these years, science laboratory 
studies should be carried out effectively in order to concretize science concepts, lay the 
foundation for the development of scientific thinking skills, raise awareness for the value of 
science and develop positive attitudes (Bilir, 2019; Tekin et al., 2012). In order to achieve this, 
classroom teachers should have the necessary professional development for science laboratory 
practices. In this direction, primary school teacher candidates need to gain knowledge, skills 
and attitudes for laboratory practices in science education. There are findings that classroom 
teachers have various problems in science laboratory experiments (Arslan, 2000; Tekin et al., 
2012). As a matter of fact, it is observed that many teachers are afraid of laboratory practices 
and do not experiment because they cannot do enough experiments in their education life. 
Classroom teachers are afraid to experiment, even if they are very simple experiments (Tekin 
et al., 2012).  Science lessons are taught by classroom teachers in primary school education. 
There are findings that classroom teachers have various problems in teaching science, they do 
not see themselves at a sufficient level in the field of science, and they do not take necessary 
precautions in terms of laboratory use and experiments. (Arslan, 2000). 

In order to ensure professional development of pre-service teachers in laboratory 
practices and to develop positive attitudes towards laboratory practices, courses related to these 
should be taught in undergraduate education processes. The SLP course is defined for this 
purpose in the undergraduate education program prepared by the Council of Higher Education 
(CoHE) for PCTs in Turkey. Within the scope of this course, raising awareness for the purpose, 
importance and safety precautions of the laboratory in science teaching, the development of 
knowledge and skills about scientific method, scientific process skills and how they are gained, 
knowledge and skills acquisition for planning and applying laboratory experiments for primary 
school with simple and inexpensive materials are targeted (CoHE, 2018). 

In the COVID-19 pandemic, starting in 2020, March, courses in universities shifted to 
online instruction in Turkey, as in many countries. The shifting decision was taken by CoHE, 
in Turkey. CoHE is an institution which is responsible for the strategic planning of higher 
education and coordination between universities in Turkey. The decision necessitated the SLP 
being delivered online like the other courses. As this course is a practical course, classes with 
at most 20 or 30 students were formed in the traditional education process. As for the distance 
education process, all students enrolling in this course had to complete it in a single class during 
the specified distance education course term.  A single class delivery of the content presented 
a challenge presented the challenge of conducting a practical course with a remote practice, as 
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well as the challenge of providing practical knowledge and skill development for a large number 
of PCTs in a short course term defined as weekly simultaneously. On the contrary, various 
limitations accompanied this process, such as the lack of access to very simple experiment tools 
and equipment, and the lack of internet in order to attend classes regularly. Those limitations 
necessitated the planning of this course, which would be held by distance education, for a 
crowded class. Therefore, in this study, the flipped learning model was completely transformed 
into the distance learning process and designated for the SLP course. 

In the flipped learning model, students work with course-related materials, videos and 
digital media which were created using different instructional technologies before the lesson, 
while in-class time is devoted to discussions, analysis and problem solving activities 
(Youngkin, 2014). Various studies have been carried out in which flipped learning practices are 
used for laboratory practices (Bachnak & Maldonado, 2014; Çelik et al., 2021; Elkhatat & Al-
Muhtaseb, 2021; Jeong et al., 2016; Loveys & Riggs, 2018; Tang et al., 2020) .  Tang et al. 
(2020) studied the flipped learning model in the Electromagnetic Fields and Waves course for 
engineering students, while Jeong et al. (2016) studied the laboratory practices in a general 
science course, which is one of the second grade courses of the Primary Education bachelor 
program, using the flipped learning model. Elkhatat and Al-Muhtaseb (2021) conducted their 
study in the Unit Operations Laboratory course with the students of the Department of Chemical 
Engineering through the hybrid online-flipped learning model. Furthermore, Brown and Krzic 
(2021) studied the flipped learning model in the Introduction to Soil Science course, and Çelik 
et al. (2021) studied flipped learning in the General Physics Laboratory-II course with first-year 
university students studying in the Science Education department.  Our study, aimed to develop 
proficiency for SLP for PCTs with the online flipped learning model. During the COVID-19 
pandemic, an online flipped learning model was designed for PCTs to develop their ability to 
plan and practice experiments with real implementation, as in laboratory practices in the 
traditional education process. In the design process, it was planned to carry out both pre-lesson 
practices and in-class practices related to the SLP course with the online flipped learning model. 
Outcomes from this study will provide suggestions for the solution of the problems encountered 
in this process and what kind of a process can be followed for PCTs to acquire skills in the SLP 
course through distance education. Furthermore, the study will be an exemplary application for 
the instructors to provide students with the necessary proficiency in a SLP course through 
online education within the limitations of the COVID-19 pandemic. The study will also 
contribute to the literature on online flipped learning model, SLP and primary school teacher 
training.  

The research questions for this study the study are the following: 
1. How can proficiency for the SLP course be developed in PCTs with online flipped 

learning practices? 
2. How should arrangements be made in the implementation process for this development? 
3. What are the problems encountered during the SLP course and how can these problems 

be solved?  
 

METHOD 
 

RESEARCH MODEL 
 

In the COVID-19 pandemic, this study was designed as an action research, with the aim 
of providing knowledge and skills to PCTs about SLP through distance education. Action 
researches are studies that aim to understand and improve the quality of teaching or action by 
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explaining a problem encountered in the school or classroom environment and a possible 
solution (Johnson, 2005). In this study, there is a group of PCTs who have the problem of lack 
of knowledge and skills for SLP. Due to the COVID-19 pandemic, this proficiency 
development needs to be realized through distance education applications. The research is based 
on an impressionistic approach that includes continuous planning, implementation and 
evaluation in order to solve that problem with the online flipped learning model in the COVID-
19 pandemic. 

 
THE STUDY GROUP 
 

The study group consisted of 72 prospective classroom teachers in the second grade at 
a state university in Turkey.  These PCTs have limited knowledge and skills of Science 
Laboratory Practices. The participants ranged in age between 19 and 20 and consisted of 54 
females and 18 males.  All the PCTs were taking the course for the first time in their course 
work. The course was taught by an instructor with two degrees in science education and eight 
years of experience teaching science laboratory practices in face-to-face settings.   
The lecturer voluntarily participated in the research in order to solve this problem that she 
encountered in her teaching process during the COVID-19 pandemic, that is, to improve the 
aforementioned knowledge and skills in teacher candidates. 
 

STUDIES PERFORMED IN THE RESEARCH PROCESS 
 

The studies carried out within the scope of the research are presented in Figure 1 with 
their main lines. 

 
Figure 1 
Stages Followed in the Action Research 

 
As seen in the Figure 1, after defining the research problem, the problem of the case was 

identified, and then an action plan consisting of three stages was prepared based on the data 
obtained from the problem of case identification. Detailed information on these processes is 
presented in stages. 
 
 
IDENTIFICATION OF THE PROBLEM 
 

   

 
Identification of 
the problem 

 

Stage 1 (Basic 
awareness and  
knowledge 
development for 
SLP) 

 

Stage 2 
(First 
experienc
e process) 

 

Stage 3 
(Second 
experience 
process) 
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In order to determine the problem in the research, data was collected from the PCTs 
with the Science Laboratory Practices Proficiency Evaluation Form (SLPPEF). The results 
showed that PCTs could not make detailed explanations about the importance of science 
laboratory and experiments for science education, and they did not have knowledge about 
scientific process skills, scientific method, science laboratory rules, tools, experiment planning 
and implementation. 

 
ACTION PLAN PREPARATION AND IMPLEMENTATION PROCESS 
 

Based on the identification of the problem and literature review, a three-stage action 
plan was prepared in order to develop proficiency in SLP in PCTs. Data on these stages and 
implementation processes are presented respectively. 
Stage 1 

At this stage, it is aimed to develop basic awareness, knowledge and skills about SLP 
in PCTs. five weeks were allocated to gain knowledge about the importance of SLP for science 
education, science laboratory rules, scientific process skills, scientific method, laboratory 
materials, tools and equipment, the use of the microscope, and the preparation of an experiment 
plan. For the practices, first of all, the class was divided into 18 groups of 4 people and the 
groups were asked to come together and work on zoom in all practices. In the implementation 
process, students studied on the materials (video recordings, lecture notes, online resource 
suggestions, etc.) shared before the lesson. Discussion, question-answer, narration and activity 
studies were carried out on the related topics in the course via Adobe Connect. Thus, it was 
tried to gain prerequisite knowledge, awareness and skills in order to be able to plan and 
implement science experiments. 
Stage 2 

In this process, which is called the first experimentation process, the first 
experimentation studies were carried out for the development of competence so that the PCTs 
could prepare and practice an experiment plan for the primary school science lesson. 

Four new groups in each four weeks and two new groups in one week presented their 
experiment results. One of the themes in the science curriculum was determined for each week, 
and the PCTs were asked to prepare an experiment plan for the objectives under these themes 
as a group and work on their implementation. Before the lesson, the PCTs communicated via 
the Zoom application, phone, and e-mail, and communicated for planning and implementation 
of the experiment. In this process, they prepared the experiment plan(s), recorded their 
experiments, implemented them and reported them. They uploaded the reports and 
implementation records they prepared three days before the lesson to the Adobe Connect. 
Reports and video recordings of experiments uploaded to the system were shared on the system 
of all students. Before the lesson, all PCTs were asked to examine the experiment reports and 
recordings, and attend the course. During the course, with the participation of one representative 
as spokespeople from each group that prepared the experiments, all PCTs were asked to criticise 
the experiments. In the criticism process, the characteristics that an experiment plan should 
have and the criteria in the evaluation rubric were taken as basis. In this process, in addition to 
the well-done steps, deficiencies and mistakes were determined with the participation of all 
PCTs under the guidance of the lecturer. These processes also served as instructive for PCTs 
who would practice later. Moreover, after the evaluations of the weekly practices, the groups 
who wanted were given the opportunity to rearrange the experimental processes and upload 
them to the system, and corrective feedback was given by the lecturer. At this stage, each group 
had the opportunity to observe and criticise the practice of 17 groups. PCTs carried out 71 
experiments in total and each PCT was provided with the opportunity to observe and evaluate 
at least 66 different experiments apart from their own group implementation.  
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Stage 3 
At this stage, which is called the second experimentation process, the second 

experimentation studies were carried out after the first experience of the science experiments 
of the PCTs and the observation and evaluation process of the first experiences of the other 
groups. In this process, it was aimed to make the planning and implementation skills of PCTs 
more accurate. At this stage, a similar implementation process was followed with the first 
experimentation process, and a total of five weeks of implementation was made. PCTs carried 
out 44 experiments in total, and each PCT had the opportunity to observe and evaluate at least 
39 different experiments apart from their own group implementation. At this stage, each group 
also compared their second practice with their first experience and made their development-
based self-assessment. 

 
DATA COLLECTION TOOLS 
 
SELF-ASSESSMENT FORM FOR BASIC AWARENESS DEVELOPMENT (SAFBAD) 

In the study, the SAFBAD was used in order to evaluate the basic awareness, knowledge 
and skill development of the PCTs regarding SLP. Five open-ended questions were asked to 
the PCTs to assess their competencies related to knowledge, skills and awareness in the 
SAFBAD. The questions are about the importance of science laboratory applications for science 
education, science laboratory rules, scientific process skills, scientific method, laboratory tools 
and equipment. 

 
EXPERIMENT REPORTS AND RECORDINGS 

In the study, the experiment reports and recordings prepared by the PCTs regarding 
weekly practices generated data about the development of experiment planning and 
implementation proficiency, and data for determining the deficiencies and mistakes on this 
development.  

 
SELF-EVALUATION PAPERS (SEP) 

In the study, data was collected through SEPs in order to evaluate the proficiency 
development and the effectiveness of the practices for primary school SLP from the PCTs' 
perspective. 

 
COURSE MEETING RECORDINGS 

In the study, course meeting recordings were used to determine the proficiency 
developments related to weekly experiment implementation and the problems encountered in 
the process. 

 
DATA COLLECTION 
 

In the study, the implementation was made for 14 weeks. Before the implementation 
process, the PCTs uploaded the experiment reports they prepared and the video recordings of 
the experiments to the system. Furthermore, weekly courses on the Adobe Connect were 
recorded on the system. After the first stage was completed, the SAFBAD has been filled in by 
the PCTs through the system. The SEPs were filled through the system after the implementation 
process was completed. 

 
ANALYSIS OF DATA 
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The data are presented under separate headings as analysis of SAFBAD, analysis of 
planning and performing science experiments skill development, analysis of problem data 
related to planning and performing science experiments, and analysis of self-evaluation papers. 

 
ANALYSIS OF SELF-ASSESSMENT FORM FOR BASIC AWARENESS DEVELOPMENT (SAFBAD) 

In the study, the data collected with the SAFBAD were analysed by content analysis. 
The transcripts prepared in the content analysis process were examined line by line, and 
categories were created based on the codes. Five categories emerged as a result of the 
analysis. These categories are headed under the names of the importance of SLP, experiment 
equipment and laboratory rules, scientific method and scientific process skills, knowledge of 
planning and reporting a science experiment, and knowledge of science curriculum. 

 
ANALYSIS OF PLANNING AND PERFORMING SCIENCE EXPERIMENTS SKILL DEVELOPMENT 

The reports and recordings data of the weekly science experiments were examined 
together in order to observe the development of the PCTs’ skills of planning and performing 
primary school science experiments. The analysis process was carried out in two stages. In this 
process, first of all, the performance levels related to the planning and performing science 
experiments, and then, the skill development levels of planning and performing science 
experiments were analysed by using performance levels and data related to science experiments 
were analysed using The Evaluation Rubric for the Skill of Planning and Doing Science 
Experiments (ERSE) (Table 1) which was created with expert opinions in the first stage. Seven 
components are based on the analysis of performance levels in the ERSE (See Table 1).  
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Table 1 
The Evaluation Rubric for the Skill of Planning and Doing Science Experiments 

 
The Evaluation Rubric for the Skill of Planning and Doing Science Experiments  

Number of the Group:  
Beginning/First/Second Stage  
Name of the Experiment: 
The performance 
components for the skill of 
designing an experiment 
plan and performing the 
plan 

The Performance Levels 
3 2 1 0 

If the required proficiency 
in the component is fully 
realized  

If the performance has 
been carried out for the 
required proficiency in 
the component, but it 
contains deficiencies  

If the component has 
been studied for the 
required proficiency but 
contains errors  

If the performance 
carried out for the 
required proficiency in 
the component is 
completely faulty or not 
done at all  

To be able to determine (an) 
appropriate aim/s for an 
experiment  
(To be able to realise aims in 
the primary school science 
courses and scientific process 
skills) 

Appropriate objective(s )for 
the science experiments 
have been determined in a 
way to realise aims of the 
primary school science 
courses  and the 
development of scientific 
process skills.  
 

Appropriate objective(s 
)for the science 
experiments have been 
determined in a way to 
realise aims of the 
primary school science 
courses  and the 
development of scientific 
process skills, but they 
contain deficiencies. 
 

Appropriate objective(s 
)for the science 
experiments have been 
determined in a way to 
realise aims of the 
primary school science 
courses  and the 
development of scientific 
process skills,  they also 
contain false aims. 

Appropriate objective(s) 
has/have not been set or 
no aims have been set to 
realise  aims of the 
primary school science 
courses  and the 
development of 
scientific process skills. 

To be able to determine an 
appropriate experiment to 
achieve the aim(s) 
(To be able to prepare an 
experiment to realise the 
determined aim(s)) 

An experiment that can be 
done with simple tools to 
achieve the set objectives 
has been determined. 
 

An experiment that can 
be done with simple tools 
to achieve the set 
objectives has been 
determined, but it 
contains deficiencies. 

An experiment that can 
be done with simple tools 
to achieve  the set 
objectives  has been tried 
to be determined, but it 
contains errors. 

No experiments are not 
determined to be done 
with simple tools to 
achieve the set 
objectives. 
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To be able to organize the 
implementation process of the 
experiment 

The implementation process 
of the experiment has been 
organised in detail so that 
the objectives are realized in 
a safe environment. 

The implementation 
process of the experiment 
has been organised in 
detail so that the 
objectives are realized in 
a safe environment, but it 
contains deficiencies. 

The implementation 
process of the experiment 
has been tried to be 
organised in detail to 
realise the objectives in a 
safe environment, but it 
contains errors. 

The implementation 
process of the 
experiment has not been 
organised in such a way 
as to achieve the 
objectives in a safe 
environment. 

To be able to organize the 
theoretical information about 
the experiment 

Theoretical information 
about the experiment is 
comprehensively organised 
according to the level of the 
students so that they can 
interpret the results of the 
experiment in connection 
with daily life. 

Theoretical information 
about the experiment is 
comprehensively 
organised according to 
the level of the students 
so that they can interpret 
the results of the 
experiment in connection 
with daily life, but it 
contains deficiencies. 

Theoretical information 
about the experiment is 
comprehensively 
organised according to 
the level of the students 
so that they can interpret 
the results of the 
experiment in connection 
with daily life,  but it 
contains errors. 

Theoretical information 
about the experiment 
was not arranged 
according to the level of 
the students so that they 
could interpret the 
results of the experiment 
in connection with daily 
life. 

 
To be able to implement the 
experiment  

The experiment has been 
carried out by making 
detailed explanations in 
accordance with the process 
steps. 

The experiment has been 
tried to be implemented 
by making explanations 
in accordance with the 
process steps, but it 
contains deficiencies. 

The experiment has been 
tried to be implemented 
by making explanations 
in accordance with the 
process steps, but it 
contains errors. 

The experiment was not 
carried out by making 
detailed explanations in 
accordance with the 
process steps. 

To be able to determine the 
results of the experiment  

The results of the 
experiment are explained in 
detail, including the 
relationships between the 
variables. 

The results of the 
experiment are tried to be 
explained in a way to 
include the relationships 
between the variables, 
but they contain 
deficiencies. 

Experiment results are 
tried to be explained in a 
way to include the 
relationships between 
variables, but they 
contain errors. 

Experiment results were 
not explained to include 
the relationships 
between variables. 
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To be able to determine the 
results of the experiment  

The results obtained in the 
experiment were interpreted 
in detail by using theoretical 
information by associating 
them with daily life. 
 

The results obtained in 
the experiment were 
interpreted in detail by 
using theoretical 
information by 
associating them with 
daily life, but they 
contain deficiencies. 

The results obtained in 
the experiment were 
interpreted in detail by 
using theoretical 
information by 
associating them with 
daily life, but they 
contain errors. 

The results obtained in 
the experiment were not 
interpreted using 
theoretical information 
by associating them with 
daily life. 

NOTES:  
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For each of the components of the rubric, four performance levels ranging from 0 to 3 were 
determined. In the process of determining these performance levels, four descriptive criteria were 
determined and the components were evaluated according to the descriptive criteria.  

When the performance levels and the descriptive criteria related to these levels are 
examined in Figure 1, it is seen that a process from performing the required qualification for the 
performance component from the highest level to the lowest is completely faulty or not done at 
all. In the study, analysis was made for the seven components specified for each experiment. 

After determining the performance levels, based on the performance levels of the 
components, skill levels related to science experiment planning and implementation were used in 
the second stage.  In the creation of the skill levels, the levels in Öztürk’s (2019) study were taken 
as a basis. Based on the levels, An Evaluation Guide for Planning and Implementation Skill Levels 
for Science Experiments (EGSL) was created. The EGSL is given in Table 2.  

 
Table 2 
An Evaluation Guide for Planning and Implementation Skill Levels for Science Experiments 
 

Levels Point Scale 
Very Good The performance level of all components is 3. 
Good The performance level of the components varies between 3 and 2. 
Medium The performance level of all components is 2. 
Needs 
improvement  
 

The performance level of one of the components is 0* or 1*,while  
the others are above 1 

Weak ● The performance level of at least two of the components is 1 
or 0.   

● The performance level of the component of goal setting is 1 
or 0. 

**0 and 1 performance levels cannot be in the setting of goals component 
 

Table 2 displays that there are five levels for the development of planning and application 
skills for primary school science experiments. In the study, skill development level analysis was 
made based on the performance levels for all experiments. The experiments in the beginning, 
first and second stages were analysed through the ERSE and EGSL. The findings of the analysis 
are elaborated in detail in the findings section.  
 
ANALYSIS OF PROBLEM DATA FOR SKILL DEVELOPMENT RELATED TO PLANNING AND  
IMPLEMENTING SCIENCE EXPERIMENTS 

The problems encountered in the process should be determined and resolved as soon as 
they occur in action research (Best & Kahn, 2006). Problems encountered during the skill 
development process for science experiments were identified and resolved during the 
implementation process. For this purpose, data related to course records, experiment reports and 
video recordings were analysed. The findings obtained from the problem analysis are presented 
together with the findings of the development of planning and implementation skills for science 
experiments. 
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ANALYSIS OF SELF-EVALUATION PAPERS  

The transcripts of the SEP were analysed by content analysis. In this process, the codes 
were created by examining the transcripts. These codes were then examined and categories were 
created by bringing together those that serve similar purposes. After these examinations, six 
categories and 55 codes gathered under these categories were reached. The categories are named 
as knowledge and skills development for science experiment, awareness development with 
science experiments, finding the implementation process effective, benefits of the way the lesson 
is taught, professional and individual development, and problems encountered in the process. 

 
RELIABILITY AND VALIDITY OF THE STUDY 

Various procedures have been carried out to ensure validity and reliability in the research 
process based on the literature (Lincoln & Guba, 1985, p.300; Johnson, 2005). There was a long-
term interaction, the process was recorded, data diversity was made through recording the courses 
and experiments, self-assessment forms and self-assessment papers and research processes were 
defined in detail to ensure transferability (Lincoln & Guba, 1985, p.301) Encoder reliability was 
ensured for the reliability of the analysis results. The coding made by the coder, who is an expert 
in the field of science education, was compared with the coding made by the researchers. The 
coder reliability was calculated as 97,39%, 98,50% and 97, 05% for the SAFBAD, the data of the 
recordings and reports of the experiments and the SEP respectively (Miles & Huberman, 1994). 
Consensus and disagreement analysis were made, and consensus was reached by discussing the 
codes with disagreement with the expert  

 
FINDINGS 

 
FINDINGS OF BASIC AWARENESS, KNOWLEDGE AND SKILLS DEVELOPMENT FOR SCIENCE 
EXPERIMENTS 
 

In the study, within the scope of the SAFBAD findings, the PCTs stated that they had 
achieved the necessary awareness, knowledge and skills before starting the experiment. These 
findings were gathered in five categories: the importance of SLP, experiment equipment and 
laboratory rules, scientific method and scientific process skills, knowledge of planning and 
reporting a science experiment, and knowledge of science curriculum. Regarding the importance 
of SLP, PCTs stated that they gained knowledge and awareness about why science laboratory 
practices are important in science education. PCTs were in the opinion that SLP is important to 
concretize abstract information, gain the habit of scientific thinking, develop scientific process 
skills, understand the relationship between real life and science subjects, make science lessons fun, 
realize learning by doing, achieve permanent learning, and provide interest and motivation for 
science courses. One of the students (S36) stated as follows: "In science teaching, it is very 
important for students to learn the topics through experiments and embody abstract concepts rather 
than narration. Therefore, it is necessary to provide an environment for experiments. Here, the 
laboratory comes into play. Therefore, in order for the science course to be effective, permanent 
and persuasive, the course should be held and supported in a laboratory environment.” 
PCTs stated that they gained a lot of knowledge about the experiment tools and equipment and 
laboratory rules used in SLP.  They stated that they learned about the tools and equipment used in 
the laboratory, for what purposes they are used, how they are used, the structure of the microscope 
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and how it is used, laboratory rules and how to take safety precautions. However, three of the PCTs 
stated that they have knowledge about these tools, but it would be better if they had the opportunity 
to learn by touching. As an example, one of them (S19) stated, “Unfortunately, I don't feel 
improved enough about the tools and equipment. Since the course is not face-to-face and so we 
weren’t in the lab, we couldn't learn the tools and materials. I think I learned superficially.” 
 PCTs stated that they gained overall awareness and knowledge for scientific methods and 
scientific process skills, their importance and how they are employed. “…both the experiments I 
did and the curricula I prepared helped me understand scientific methods and scientific process 
skills.” said one of the PCTs (S25). 

Regarding the knowledge of science experiment planning and reporting, PCTs stated that 
they gained   necessary theoretical knowledge for planning experiments in primary school science 
lessons. One of them (S28) stated, “…..Because I learned this planning by doing it on my own….” 
They obtained various information about the sections that should be included in an experiment 
report, determining goals while planning an experiment, deciding the experiment to realize the 
aims, choosing the appropriate experiment tools and equipment, organizing the application process 
of the experiment, and organizing the theoretical knowledge. However, some of the PCTs reported 
that since they learned them in theory, could see the competencies of what they really learned 
during the implementation process and believed that they would make up for their deficiencies in 
that process. In terms of knowledge of science curriculum, the PCTs remarked having had 
information about the general structure, goals, classification of units and subjects, aims, learning-
teaching processes, and assessment approaches of the primary school science curriculum. 
The PCTs understood the importance of SLP knowledge for planning experiment planning. In the 
findings, PCTs achieved various aims for the necessary theoretical knowledge and awareness 
before planning and applying science experiments. 
 
FINDINGS OF SKILLS DEVELOPMENT REGARDING PLANNING AND IMPLEMENTING SCIENCE 
EXPERIMENTS 

Experiment reports and video recordings were examined in order to determine whether 
there was an improvement in the planning and implementation skills of PCTs for science 
experiments. The findings regarding processes of the development of science experiment planning 
and application skills of the SLAs are presented in three stages, which are the beginning 
developmental stage, the first stage and the second stage.  Findings of the beginning developmental 
stage are given below in Table 3. 
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Table 3 
Findings Regarding Performance Levels of the Skills of Planning and Implementing 
Science Experiment Plans at the Beginning Developmental Stage 

 Frequency Values 
Group No Very Good 

 
Good 
 

Medium 
 

Needs 
Improvement 
 

Weak 
 

G1 0 0 0 0 4 
G2 0 0 0 0 4 
G3 0 0 0 0 4 
G4 0 0 0 0 4 
G5 0 0 0 0 4 
G6 0 0 0 0 4 
G7 0 0 0 0 4 
G8 0 0 0 0 4 
G9 0 0 0 0 4 
G10 0 0 0 0 4 
G11 0 0 0 0 4 
G12 0 0 0 0 4 
G13 0 0 0 0 4 
G14 0 0 0 0 4 
G15 0 0 0 0 4 
G16 0 0 0 0 4 
G17 0 0 0 0 4 
G18 0 0 0 0 4 
Total 0 0 0 0 72 

 
It is seen in Table 3 that none of the PCTs at the "beginning" stage, which includes 

identifying the problem, have the skills to plan and implement a science experiment, and they 
perform at a "needs improvement" level. At this stage, PCTs stated that they would not be able to 
plan and implement experiments because they did not have any previous experience in science 
laboratory.  

In the study, a two-stage process, 1st and 2nd stages, was followed for the development of 
planning and implementation skills for science experiments for PCTs. Findings of the first stage 
is presented in Table 4 in detail. 
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Table 4 
Findings Regarding Performance Levels of the Skills of Planning and Implementing 
Science Experiment Plans at the First Stage  
 
 Frequency Values 
Group No Very Good 

(f) 
Good 
(f) 

Medium 
(f) 

Needs 
Improvement 
(f) 

Weak 
(f) 

G1 0 0 2 3 0 
G2 0 1 1 3 0 
G3 0 0 0 4 0 
G4 0 0 0 5 0 
G5 0 2 1 3 0 
G6 0 1 0 3 0 
G7 0 3 0 1 0 
G8 0 0 0 3 0 
G9 0 4 1 2 0 
G10 0 1 0 2 0 
G11 0 4 0 0 0 
G12 0 2 0 2 0 
G13 0 2 0 0 0 
G14 0 6 0 0 0 
G15 0 0 0 4 0 
G16 0 3 0 2 0 
G17 0 0 0 0 0 
G18 0 0 0 0 0 
Total 0 29 5 37 0 

 
It is seen that the students conducted a total of 71 experiments in groups during the first 

stage. When the results of the first stage are examined, 29 (40.85%) experiments were at the good 
performance level, 5 (7.04%) were at the medium performance level, and 37 (52.11%) were at the 
level of needs improvement performance in terms of carrying out experiment planning and 
implementation., it is clear that medium or good skills development has been achieved in a 
significant portion (47.89%) of the experiment implementations carried out by the PCTs during 
the first experience stage. Furthermore, a significant portion of the experiment implementations 
(52.11%) is at the needs improvement level. Additionally, at least one of the experiments carried 
out by 13 out of 18 groups is at the needs improvement level. On the other hand, one of the most 
striking findings regarding the skill development of the groups at this stage is that among the 
experiments performed by eight of the groups, there were simultaneous experiments at both needs 
improvement and medium/good performance levels. This situation shows that although there is an 
awareness for skills development in planning and conducting science experiments in PCTs, skills 
development is not fully achieved. Moreover, at this stage, only three groups' all experiments are 
at good performance level. An example of the "needs improvement" skill level, which is the 
highest rate skill level in the experiment implementations performed at this stage, the third 
experiment performed by the 6th Group at the first stage can be given as an example. The main 
goal of the group’s experiment, which was carried out within the scope of force and motion unit, 
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was determined as “students explain the effect of force on objects by observing". The aims related 
to that main goal were determined as "students learn the accelerating and shape-changing effects 
of force, and do experiments on the force to gain movement and change the shape of the objects". 
However, when both the selected experiment and the results were evaluated, it was determined 
that the experiment was conducted not for the accelerating effect of the force, but only for the 
effect of changing the shape and for distinguishing the flexible and inflexible objects. It is 
understood that the experiment was not designed to realize all of the aims.  Experiment results, on 
the other hand, were structured on flexible and inflexible objects, not in the context of the 
accelerating and shape-changing effects of force in accordance with the aims of the experiment.  
In addition, there was no interpretation of the experiment results linking with theoretical 
knowledge and daily life. However, the theoretical knowledge about the experiment was partially 
sufficient and the stages of the experiment were applied in accordance with the prepared plan. 
Consequently, the experiment contains faulty, incomplete and fully performed parts. The 
proficiency of the group performing this experiment was evaluated at the needs improvement skill 
level. The most encountered problems in this process were related to aims. the most prevalent 
problems encountered in the process of determining the aims are determined as the inability to 
determine the aims suitable for primary school science curriculum aims, determining the aims 
above the level of primary school students, inability to create aims for the development of scientific 
process skills, setting aims for scientific process skills unrelated to experiment and setting missing 
aims for scientific process skill development. Out of these, the “Based on the flow properties of 
gases and liquid, he/she deduces that their molecules are capable of translational motion " aim in 
the second experiment of the 12th group on the matter and its properties, can be given as an 
example for setting aims for experiments that are not suitable for the students’ level. Moreover, 
there were various problems related to determining the appropriate experiment, organization of the 
process, structuring the theoretical knowledge correctly, creating, interpreting and applying the 
results. For instance, within the scope of the process organization, PCTs have experienced 
problems such as not being able to take adequate security measures, insufficient, incomplete or 
incorrect process steps to achieve the aims, and deficiencies in the selection of appropriate tools 
and equipment for the experiment. In solving these problems, corrective and improving feedbacks 
were provided in the online lessons, make-up lessons were made with the flipped learning method 
depending on the needs, and the students were given the opportunity to correct their 
deficiencies/mistakes and upload them to the system again. The groups were given feedback again. 
The groups that conducted experiments again were given feedback again. Regarding the second 
stage, the findings are given in Table 5 below.  
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Table 5 
Findings Regarding Performance Levels of the Skills of Planning and Implementing 
Science Experiment Plans at the Second Phase  
 
 Frequency Values 
Group No Very Good 

 
Good 
 

Medium 
 

Needs 
Improvement 
 

Weak 
 

G1 0 2 0 0 0 
G2 0 2 0 0 0 
G3 0 4 0 0 0 
G4 0 2 0 0 0 
G5 0 2 0 0 0 
G6 0 2 0 0 0 
G7 0 2 0 0 0 
G8 0 2 0 0 0 
G9 1 3 0 0 0 
G10 0 3 0 0 0 
G11 0 2 0 0 0 
G12 1 1 0 0 0 
G13 0 2 0 0 0 
G14 1 2 0 0 0 
G15 0 4 0 0 0 
G16 0 3 0 0 0 
G17 0 1 0 0 0 
G18 0 2 0 0 0 
Total 3 41 0 0 0 

 
When the second stage findings related to the experience process were examined 3 (6.8 %) 

are at very good skill level and 41 (93.2%) are at good skill level among 44 experiment 
implementations developed by the PCTs. These findings show that as a result of the 
implementations, at least good level of experiment planning and application skills development 
was achieved in all experiments. In the second stage, the skills level with the highest rate in terms 
of planning and performing science experiments was the "good" skill level. In planning and 
conducting experiment tasks evaluated in good skills development, the levels of all performance 
components varied between 2 or 3. The desired proficiency in the performance components of 
planning and applying science experiments skills has been fully realized, which means 3 points or 
the desired proficiency has been studied, but contains deficiencies, which means 2 points. As an 
example of the experiments evaluated at this level, the second experiment carried out by the 13th 
Group, "What is required for the germination of plants" can be given. The main goal of the group’s 
experiment was determined as "Examines the environmental factors necessary for the germination 
of a seed". The aims for that main goal were determined as "Explains the conditions required for 
germination; observes the germination status of seeds of the same plant in different environmental 
conditions; records the observation data and explains the results". For this purpose, water, 
temperature and oxygen were determined as the independent variables and the germination status 
of the seed was determined as the dependent variable in the experiment. In addition, control 
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variables were specified in the experiment. Within the scope of the experiment, six different 
experimental preparations were prepared and the germination status of the seed was observed at 
certain intervals, and both visual data and measurement data were recorded. The experiment was 
carried out in accordance with the steps of the procedure, the observation data were recorded, a 
table was created and the results were structured. However, it was determined that there were some 
deficiencies in the process of associating the experimental results with daily life and scientific 
theoretical knowledge in the process of discussion and interpretation. Therefore, this experiment 
was evaluated at good skills level. At this stage, another science skill level achieved was very good 
skill level. An example of the experiment performed at this skill level is the first experiment which 
9th Group carried out in this stage. With that experiment, it was aimed to understand the function 
of light in vision. Therefore, it was aimed to gain scientific process skills such as observing that 
vision occurs in the presence of light, making observations and drawing conclusions. 
The experimental setup prepared in the experiment consisted of a box that would allow the flow 
of light when desired and the objects placed inside it. In addition, a flashlight was used as a light 
source in the experiment. In the first stage of the experiment, the inside of the box was observed 
without light (in the dark) and then when the box was illuminated with a light source, observation 
was made, and inferences were made by recording and evaluating the results. The results were 
interpreted together with scientific information about how the phenomenon of seeing occurs 
biologically and the function of light in this process. In addition, detailed information about the 
function of light in the visual process with examples from daily life was included in the experiment 
report. This experiment was rated at the "very good" skills level because of fully adequate 
performance for all performance level components. The most encountered problem in this process 
was related to the interpretation of the experimental results.  The PCTs had problems in interpreting 
the results in connection with daily life, taking into account the relationships between the variables 
and using the relevant theoretical knowledge. In order to solve these problems, feedback was 
provided by the PCTs outside the group and the course instructor in the online lessons, and support 
was provided for the group members who made the implementation to make self-evaluations and 
to identify the source of their mistakes and correct them. 

When the skills development findings for planning and implementing science experiments 
are evaluated in general, it can be said that with online flipped applications, skills development 
has been provided for science experiments for PCTs from the initial stage to the first experience 
stage, and from the first experience stage to the second experience stage, and that students have 
developed at least "good skill" level after the practices. 

 
FINDINGS OF THE SEP ON THE IMPLEMENTATION PROCESS AND INDIVIDUAL DEVELOPMENT 

In the study, data were collected through self-assessment papers for PCTs to evaluate their 
development of experiment planning and implementation skills for the science course and the 
effectiveness of the application process. Opinions about the implementation process and individual 
development were grouped under six categories. Among them, they stated that they gained 
theoretical knowledge about experiment planning and implementation, preparing reports, taking 
safety precautions, creating aims for science experiments, learning scientific process skills and 
how to gain them, theoretical knowledge about laboratory materials and science topics within the 
scope of the category of "knowledge and skills development for science experiment". Of these, 
gaining knowledge with science topics was expressed by one of the PCTs as "I gained knowledge 
about primary school science subjects thanks to experiments and reports" (S2).  
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Within the scope of "awareness development with science experiments", which is another 
category stated aims related to realizing the importance of aims in experiment planning, 
understanding the purpose of experimental studies, their contribution to science and their 
importance for permanent learning, realizing the importance of implementations in science 
lessons, the importance of scientific process skills, the relationship between science and real life, 
and awareness formation for science curriculum have been achieved.  Among these, realizing the 
importance of scientific process skills was expressed by one of the PCTs as "I realized that 
scientific process skills are of great importance in the comprehension, implementation and 
teaching of science course" (S4). Another PCT (S54) stated, “Our report was very good in our 
last study. After preparing this report, I looked through our first report for revision and I saw that 
our first report was extremely confusing and incomplete. If I had not prepared the report and 
taken this course, the report wouldn't have helped me a lot.” "When we looked at our first and 
second studies while preparing for the experiments, I saw how much I improved myself." said 
the other PCT (S47). 

Within the scope of the category of "finding the implementation process effective", PCTs 
stated that they found the flipped online learning process for science experiments effective. They 
stated that they found the lesson instructive, productive, fun and enjoyable, that the lesson was as 
good as face-to-face education, that it increased motivation and that they were happy to take the 
lesson. One of the PCTs said that he/she was happy to take the course, “First of all, I am very 
happy that I took this course… Because this course has contributed a lot to me…” (S13). 

Within the scope of the "benefits of the way the lesson is taught" category, the PCTs stated 
that they had the opportunity to see different experiments, the way of  teaching the course enabled 
multidimensional thinking, gained them critical thinking skills, provided educational and 
instructive feedback, provided opportunities for self-assessment and peer assessment, provided 
socialization and communication in the classroom, provided unity and solidarity, ensured not to 
break away from the process, created an archive for primary school science experiments, allowed 
them to see the individual development process and taught to identify the deficiencies. Among 
these, multidimensional thinking, socialization, communication and seeing different experiments 
are stated by one of the PCTs as: “First of all, in this course, I was prompted to think multi-
dimensionally. We increased in-group interaction and communication. We examined the 
experiments of our friends. There were different experiments. I saw experiments that I had never 
seen before…” (S68). Another student (S27) explained the benefits of the feedback, “Our 
instructor’s comments and the comments we made on each other's experiments revealed our 
deficiencies and errors, and we prepared for the second assignment in our minds about what we 
should do.” 

With regard to “professional and individual development”, PCTs stated that they improved 
themselves in teaching appropriate to the level of the student, doing experiments in schools without 
laboratories, doing science experiments with simple materials, learning information to be used in 
teaching life, understanding the importance of teaching scientific thinking, understanding the 
relationship of science lesson with daily life, science literacy critical thinking, reflective thinking 
and scientific process skills. They also stated that their desire to do research, question and learn 
has increased and they have gained permanent knowledge and skills. Among these, science literacy 
and learning to experiment in schools without a laboratory were asked by two of the PCTs, “…I 
started to behave like a scientifically literate individual” (S9) “…We learned that if we were to 
work in a school without a laboratory, we could do our experiments very well with materials that 
are everywhere and I experienced it” (S7). Another PCT (S20) expressed the professional 
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contribution of the course, “At the same time, I learned how the instruction I will give in the future 
should be and how to evaluate it according to the perspectives of the children, how to make them 
love this lesson and how to convey the information.” As for the importance of doing experiments 
in the course, one of the PCTs (S33) pointed out, “I learned that it is not enough to just give a 
lecture without doing experiments. Instead, students learn better with experiments, and teaching 
science by doing experiments is a more effective and permanent way of learning and teaching.” It 
is seen that the problems experienced in the context of "problems encountered in the process" are 
generally focused on online connection problems. In this context, PCTs stated that they had 
problems in attending the course online, finding a regular internet connection, getting excited while 
shooting the experiment videos, and having problems uploading the experiment videos.  

When the results are evaluated in general, it is seen that the PCTs found the SLP course 
designed on online flipped learning useful in many contexts and they thought that they gained 
various aims in the context of both individual and professional development in this process, and 
that it can be said that the problems experienced in the process are generally related to the online 
system. As an example, one of the PCTs (S9) stated, “I sometimes couldn't attend the course, 
couldn't be active all the time, couldn't intervene immediately when I got stuck, the internet was 
intermittent. There were many times that I had communication difficulties.” Another PCT (S18) 
expressed the difficulties in recording videos, “However, the most challenging thing for me for 
this course was video recording the experiments. Because I sometimes uttered the wrong 
sentences, and so I recorded the video from the beginning at the slightest mistake and submit it in 
that way.” 

 
DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

 
When the results are evaluated generally, it can be said that the SLP, which has been carried 

out with online flipped learning, has contributed to the development of knowledge and skills so 
that the PCTs can practice science experiments in primary schools., it was determined that the SLP 
showed skill development for the PCTs to plan and implement science experiments. Considering 
that the main purpose of the SLP is to develop experiment planning and implementation skills for 
pre-service teachers (CoHE, 2018), it can be concluded that an important development has taken 
place with online flipped SLP.  Gaining knowledge and awareness about the laboratory rules, tools 
and safety precautions in science laboratory education is important for implementing experiments 
in a safe manner (Aladejana & Aderibigbe, 2007). In the experiments carried out in this study, 
knowledge development was provided. One of the main purposes of science education is to gain 
scientific process skills, and science laboratory practices are an important method. In this study, 
the PCTs gained knowledge and skills about scientific process skills, their importance and how to 
gain them. It can be inferred that the instruction carried out with online flipped SLP has achieved 
various aims for gaining scientific process skills in science education. Moreover, the PCTs stated 
that the course helped to gain theoretical knowledge about science subjects, to learn science 
curricula, and to see the connection between science and real life. In order to carry out science 
education effectively, it is necessary to establish connections with daily life (Andrée, 2005, p.107; 
Campbell & Lubben, 2000). In the implementations carried out in the study, connections with 
daily life were established both in theoretical knowledge and in the interpretation of the results, 
and PCTs achieved aims in this way. Furthermore, the PCTs stated that they realized the 
importance of experiments in science education through experiments, and they gained awareness 
for the contribution of science experiment implementations to science and permanent learning. 
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These results point to the development of a positive attitude for experimentation in science lessons. 
Consequently, it can be inferred that the online flipped SLP also contributes to the development 
of attitude. 

In the study, the PCTs stated that they achieved various aims such as learning to teach 
appropriately to the students’ level, learning to conduct experiments in schools without 
laboratories, learning to do science experiments with simple materials, learning knowledge that 
can be used in the classroom, understanding the importance of teaching scientific thinking, with 
the online flipped SLP in the context of professional development. When the professional 
development of the teaching profession is examined, it is observed that the acquisition of 
knowledge and skills for effective learning comes to the fore. It can thus be suggested that these 
aims which are evaluated within the scope of professional development are important in terms of 
teacher professional development for effective science education in primary school. 

The PCTs stated that they found the online flipped SLP instructive, productive, fun and 
enjoyable, that the lesson was as good as face-to-face education, that it increased motivation and 
that they were happy to take the lesson. Similarly, in different studies on flipped learning practices 
(González-Gómez et al., 2016; Jeong et al., 2016; Sanandaji & Ghanbartehrani, 2021) the courses 
are enjoyable and fun and the students were in a positive opinion towards flipped education. Jeong 
et al. (2016) concluded that students' perceptions of flipped learning are positive in their study in 
general science course. The students stated that a flipped classroom lesson was fun and interactive. 
Çelik et al. (2021) stated that the flipped learning model positively affected students' laboratory 
self-efficacy and attitudes towards the laboratory. In addition, within the scope of the "benefits of 
the way the course is taught" category, the PCTs stated that they had the opportunity to see 
different experiments, that online flipped education provided multi-faceted thinking, gave critical 
thinking skills, and provided educational and instructive feedback, which the authors reached the 
similar conclusion in this study. Sanandaji and Ghanbartehrani (2021) also concluded that online 
flipped learning is effective. They suggested that online flipped learning affects students' learning 
better than traditional online learning. They also stated that the combined model of online and 
flipped learning had a positive effect on students' assessment and attracting students' attention. 
Additionally, Karalis and Raiko (2021) stated that all elements of distance online learning (better 
allocation of time, increased cooperation, active participation, interaction between students and 
between students and faculty, opportunity to develop critical thinking) are functional and that 
students expressed positive opinions about online flipped learning. 

One of the results of the study is the students' opinions that online flipped learning model 
provides an opportunity for self-assessment and peer assessment, in-class socialization and 
communication, and in-class unity and solidarity, and ensures that they are not disconnected from 
the process. During the process, it was observed that the communication within the groups and the 
communication between the groups were at a good level. Yen (2020) also concluded in his study 
that online flipped learning and sharing the experiences and ideas of teachers and students 
improves the classroom atmosphere. In addition, Yen (2020) stated that in online flipped teaching, 
post-lesson activities have an emotional function in group cohesion; thus, in addition to everyone's 
ability to learn, communicate and work in teams, students have more opportunities to learn and 
collaborate. As a matter of fact, in the current study, students communicated with each other on 
the experiments they wanted to do, carried out their experiments in the direction they planned and 
wrote their reports. In this study, students stated that they created an archive for primary school 
science experiments. Since the students plan and conduct the experiments within the scope of the 
course according to the units and their aims in the current science curriculum of the primary 



A. Öztürk & İ. D. Deniz 

Educational Research: Theory & Practice, Volume 34, Issue 1, ISSN 2637-8965 28 

education, each experiment conducted is an example in the archive for future science lessons, 
reinforced with feedback.  

In another result, students stated that flipped learning model enables them to see individual 
development processes and teaches them to identify their deficiencies. In his study, Yen (2020) 
revealed that group activities bring students together to discuss certain issues not only to improve 
students' thinking skills, but also to train students in solo struggle and team skills, and to improve 
students' ability to adapt to study. In other words, group work contributed to the positive 
development of individual students as well. In their study, Hao (2016) concluded that working in 
groups in flipped learning provides students with significant help, insight and mental support, and 
this can strengthen their learning levels in the flipped classroom. Lee and Choi (2019) revealed the 
positive effect of learning materials given before the lesson on success. Loveys and Riggs (2019) 
reached a similar conclusion. As for this study, the videos prepared for the students were published 
on the platform before the lesson. Thus, the students came to the lesson ready, having critiqued 
the relevant videos. As a result, no time was wasted in the lesson. Karalis and Raiko (2021) also 
revealed that students spent more time studying the learning material in online flipped learning. 
Furthermore, the authors concluded that students were able to take a great deal of responsibility 
for studying the material, which is an essential prerequisite for the successful implementation of 
flipped learning approaches. Students working in online groups before the lesson developed their 
collaborative skills. Elkhatat and Al-Muhtaseb (2021) also concluded that students' teamwork, 
critical thinking and learning skills increased through collaborative discussions in online sessions. 

When the study results are evaluated in general, it can be said that the online flipped SLP 
provides many aims in the context of knowledge and skill development for the science laboratory 
and supports the professional development of the PCTs. However, in this study, practices have 
been carried out with action research on the PCTs, and thus there are limitations. In order to test 
the effectiveness of the online flipped SLP, it may be recommended to conduct experimental 
studies in which comparative studies of the online flipped SLP and face-to-face SLP are carried 
out, and to conduct studies on different groups. 

However, most of the PCTs showed improvement to a good skill level, but they did not 
develop at a very good skill level in the process of commenting because they did not gain sufficient 
science education knowledge in their previous education life. Thus, it can be recommended to 
increase the number of courses in undergraduate education in order for PCTs to gain theoretical 
knowledge about science education for the undergraduate education processes. 

 
REFERENCES 

 
Aladejana, F., & Aderibigbe, O. (2007). Science laboratory environment and academic 

performance. Journal of science Education and Technology, 16(6), 500-506. 
https://doi.org/10.1007/s10956-007-9072-4 

Andrée M. (2005). Ways of Using ‘Everyday Life’ in the Science Classroom. In K. Boersma, M. 
Goedhart, O. Jong, &H. Eijkelhof (Eds.), Research and the Quality of Science Education 
(pp. 107-116). Springer. 

Arslan, M. (2000). İlköğretim Okullarında Fen Bilgisi Öğretimi ve Belli Başlı Sorunları, IV. Fen 
Bilimleri Eğitimi Kongresi (IV. Congress of Science Education), Hacettepe Üniversitesi 
Eğitim Fakültesi, Ankara 

 



A. Öztürk & İ. D. Deniz 

Educational Research: Theory & Practice, Volume 34, Issue 1, ISSN 2637-8965 29 

Bachnak, R., & Maldonado, S. C. (2014). A Flipped Classroom Experience: Approach and 
Lessons. 014 ASEE Annual Conference & Exposition, Indianapolis, IN. 

Bal-Taştan, S., Davoudi, S. M. M., Masalimova, A. R., Bersanov, A. S., Kurbanov, R. A., 
Boiarchuk, A. V., & Pavlushin, A. A. (2018). The Impacts of Teacher’s Efficacy and 
Motivation on Student’s Academic Achievement in Science Education among Secondary 
and High School Students. Eurasia Journal of Mathematics, Science and Technology 
Education, 14(6), 2353-2366. https://doi.org/10.29333/ejmste/89579 

Barak, M., & Dori, Y. J. (2011). Science education in primary schools: Is an animation worth a 
thousand pictures?. Journal of Science Education and Technology, 20(5), 608-620. 
https://doi.org/10.1007/s10956-011-9315-2 

Best, J. , & Kahn, J. (2006). Research in education. Boston, MA : Pearson. 
Bilir, S., & Uyanık, G. (2019). İlkokul dördüncü sınıf fen bilimleri dersi basit elektrik devreleri 

ünitesinde laboratuvar destekli öğretimin akademik başarı ve tutuma etkisi. Eğitim ve 
Teknoloji, 1(2), 122-136. 

Brown, S., & Krzic, M. (2021). Lessons learned teaching during the COVID‐19 pandemic: 
Incorporating change for future large science courses. Natural Sciences Education, 50(1). 
e20047. https://doi.org/10.1002/nse2.20047 

Bybee, R., McCrae, B., & Laurie, R. (2009). PISA 2006: An assessment of scientific 
literacy. Journal of Research in Science Teaching: The Official Journal of the National 
Association for Research in Science Teaching, 46(8), 865-883. 
https://doi.org/10.1002/tea.20333 

Campbell, B., & Lubben, F. (2000). Learning science through contexts: Helping pupils make sense 
of everyday situations. International Journal of Science Education, 22(3), 239-252. 
https://doi.org/10.1080/095006900289859 

Council of Higher Education [CoHE], (2018). Primary School Teacher Undergraduate 
Curriculum. Retrieved from 
https://www.yok.gov.tr/Documents/Kurumsal/egitim_ogretim_ dairesi/Yeni-Ogretmen-
Yetistirme-LisansProgramlari/Sinif_Ogretmenligi_Lisans_Programi09042019.pdf 

Çelik, H., Pektaş, H. M., & Karamustafaoğlu, O. (2021). The Effects of the Flipped Classroom 
Model on the Laboratory Self-Efficacy and Attitude of Higher Education 
Students. Electronic Journal for Research in Science & Mathematics Education, 25(2), 47-
67. 

Elkhatat, A. M., & Al-Muhtaseb, S. A. (2021). Hybrid online-flipped learning pedagogy for 
teaching laboratory courses to mitigate the pandemic COVID-19 confinement and enable 
effective sustainable delivery: investigation of attaining course learning outcome. SN 
Social Sciences, 1(5), 1-16. https://doi.org/10.1007/s43545-021-00117-6 

Evans, R. S., & Rennie, L. J. (2009). Promoting understanding of, and teaching about, scientific 
literacy in primary schools. Teaching science, 55(2), 25-30. 

Freedman, M. P. (1997). Relationship among laboratory instruction, attitude toward science, and 
achievement in science knowledge. Journal of Research in Science Teaching: The Official 
Journal of the National Association for Research in Science Teaching, 34(4), 343-357. 
https://doi.org/10.1002/(SICI)1098-2736(199704)34:4<343::AID-TEA5>3.0.CO;2-R  

González-Gómez, D., Jeong, J. S., Rodríguez, D. A. and Cañada-Cañada, F., 2016. Performance 
and Perception in the Flipped Learning Model: An Initial Approach to Evaluate the 
Effectiveness of a New Teaching Methodology in a General Science Classroom. Journal 



A. Öztürk & İ. D. Deniz 

Educational Research: Theory & Practice, Volume 34, Issue 1, ISSN 2637-8965 30 

of Science and Education Technology, 25(3), pp. 450-459. https://doi.org/10.1007/s10956-
016-9605-9 

Hao, Y. (2016). Exploring undergraduates' perspectives and flipped learning readiness in their 
flipped classrooms. Computers in Human Behavior, 59, 82-92. 
https://doi.org/10.1016/j.chb.2016.01.032 

Harman, G., Cokelez, A., Dal, B., & Alper, U. (2016). Pre-Service Science Teachers' Views on 
Laboratory Applications in Science Education: The Effect of a Two-Semester 
Course. Universal Journal of Educational Research, 4(1), 12-25. 
https://doi.org/10.13189/ujer.2016.040103  

Hofstein, A., & Lunetta, V. N. (2004). The laboratory in science education: Foundations for the 
twenty‐first century. Science education, 88(1), 28-54. https://doi.org/10.1002/sce.10106 

Isozaki, T. (2017). Laboratory work as a teaching method: A historical case study of the 
institutionalization of laboratory science in Japan. Espacio, Tiempo y Educación, 4(2), 
101-120. https://doi.org/10.14516/ete.177 

Jeong, J. S., & González-Gómez, D. & Cañada-Cañada, F. (2016). Students’ perceptions and 
emotions toward learning in a flipped general science classroom. Journal of Science 
Education and Technology, 25(5), 747-758. https://doi.org/10.1007/s10956-016-9630-8 

Johnson, A. P. (2005). A short guide to action research. (Second Edition). USA: Pearson 
Education, Inc.  

Jurecki, K., & Wander, M. C. (2012). Science literacy, critical thinking, and scientific literature: 
Guidelines for evaluating scientific literature in the classroom. Journal of Geoscience 
Education, 60(2), 100-105. https://doi.org/10.5408/11-221.1 

Laugksch, R. C. (2000). Scientific literacy: A conceptual overview. Science education, 84(1), 71-
94. https://doi.org/10.1002/(SICI)1098-237X(200001)84:1<71::AID-SCE6>3.0.CO;2-C 

Karalis, T., & Raikou, N. (2021). Flipping the Classroom Remotely: Implementation of a Flipped 
Classroom Course in Higher Education during the COVID-19 pandemic.  European 
Journal of Open Education and E-learning Studies, 6(2), 21-38. 
http://dx.doi.org/10.46827/ejoe.v6i2.3809  

Kolstø, S. D. (2001). Scientific literacy for citizenship: Tools for dealing with the science 
dimension of controversial socioscientific issues. Science education, 85(3), 291-310. 
https://doi.org/10.1002/sce.1011 

Kwok, P. W. (2015). Science laboratory learning environments in junior secondary schools. Asia-
Pacific Forum on Science Learning & Teaching, 16 (1), 1-28.  

Lee, J., & Choi, H. (2019). Rethinking the flipped learning pre-class: Its influence on the success 
of flipped learning and related factors. British Journal of Educational Technology, 50(2), 
934–945. https://doi.org/10.1111/bjet.12618 

Lincoln, Y.S. & Guba, E.G. (1985). Naturalistic Inquiry. Newbury Park, Ca.: Sage Publications. 
Loveys, B. R., & Riggs, K. M. (2019). Flipping the laboratory: improving student engagement and 

learning outcomes in second year science courses. International Journal of Science 
Education, 41(1), 64-79. https://doi.org/10.1080/09500693.2018.1533663 

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook. 
Newbury Park, CA: Sage Publications. 

Miller, J. D. (1983). Scientific literacy: A conceptual and empirical review. Daedalus Spring,112 
(2), 29-48. 



A. Öztürk & İ. D. Deniz 

Educational Research: Theory & Practice, Volume 34, Issue 1, ISSN 2637-8965 31 

Murphy, C., Varley, J., & Veale, Ó. (2012). I’d rather they did experiments with us…. than just 
talking: Irish children’s views of primary school science. Research in Science 
Education, 42(3), 415-438. 

Olufunke, B. T. (2012). Effect of availability and utilization of physics laboratory equipment on 
students' academic achievement in senior secondary school physics. World Journal of 
Education, 2(5), 1-7. http://dx.doi.org/10.5430/wje.v2n5p1 

Ottander, C., & Grelsson, G. (2006). Laboratory work: the teachers' perspective. Journal of 
Biological Education, 40(3), 113-118. https://doi.org/10.1080/00219266.2006.9656027 

Öztürk, A. (2019). Development of children's rights education curriculum for prospective 
preschool teachers. Journal of Theoretical Educational Science, 12(4), 1257-1283. 
https://doi.org/10.30831/akukeg.471086  

Platova, E., & Walpuski, M. (2013). Improvement and evaluation of laboratory work for first-
semester teacher students. In C. P. Constantinou, N. Papadouris, & A. Hadjigeorgiou 
(Eds.), E-Book Proceedings of the ESERA 2013 Conference: Science Education Research 
For Evidence-based Teaching and Coherence in Learning (pp. 37–43). Nicosia, Cyprus: 
European Science Education Research Association. 

Pongsophon, P., Yutakom, N., & Boujaoude, S. B. (2010). Promotion of scientific literacy on 
global warming by process drama. Asia-Pacific Forum on Science Learning & Teaching, 
11 (1), 1-38. 

Roberts, R., & Gott, R. (2010). A framework for practical work, argumentation and scientific 
literacy. In G. Çakmakcı & M. F. Taşar (Eds.), Contemporary science education research: 
Scientific literacy and social aspects of science (pp. 99-105). Pegem Akademi. 

Sanandaji, A., & Ghanbartehrani, S. (2021). An evaluation of online flipped instruction methods 
during the COVID-19 pandemic. Journal of Information Technology Case and Application 
Research, 23(1), 46-67.  

https://doi.org/10.1080/15228053.2021.1901360 
Tang, T., Abuhmaid, A. M., Olaimat, M., Oudat, D. M., Aldhaeebi, M., & Bamanger, E. (2020). 

Efficiency of flipped classroom with online-based teaching under COVID-19. Interactive 
Learning Environments, 1-12. https://doi.org/10.1080/10494820.2020.1817761 

Tekin, S., Sağır, Ş.U., & Karamustafaoğlu, S. (2012). Sınıf öğretmeni adaylarının fen bilgisi 
laboratuar uygulamaları - 1 dersi kazanımlarının kimya deneyleri açısından incelenmesi. 
Pamukkale Üniversitesi Eğitim Fakültesi Dergisi, 31 (31), 163-174. 

Yen, T. F. T. (2020). The performance of online teaching for flipped classroom based on COVID-
19 aspect. Asian Journal of Education and Social Studies, 8 (3), 57-64. 
https://doi.org/10.9734/ajess/2020/v8i330229 

Youngkin, C. A. (2014). The flipped classroom: practices and opportunities for health sciences 
librarians. Medical Reference Services Quarterly, 33(4), 367-374. 
https://doi.org/10.1080/02763869.2014.957073 

 




