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Abstract: The current research is qualitative research that was conducted using the synthesis research method
based on the deductive model. The research environment in the synthesis phase included all citations in the
range of 2008 to 2020 for the studies conducted in the field of experimental science education of the second
grade in elementary school. Based on this, 40 sources were selected by purposive selection method. Stopping
the sampling process was based on information saturation. Data collection was done using a survey in the
research environment and based on the synthesis of experimental science education in the second grade of
primary school. According to the findings of the research synthesis based on the deductive model, the
environmental factors affecting experimental science education in the second grade of primary school
include: support factors (family-oriented, school-oriented), extracurricular environment, socio-cultural
environment, science curriculum design including goals (instructional, educational, motivational), content
(knowledge, practical skills, challenging thinking), teaching strategies (group discussion, advance organizer,
exploration, problem solving, learning assistants, laboratory, cognitive development, game-oriented,
aesthetic), intra-school environment (independent, individual, deep, collaborative, exploratory), evaluation
(evaluation tools, evaluation methods), learned skills (life skills, mental skills, social skills, thinking skills),
science education approaches (teacher-centered, student-centered) and learning experiences (meaningful
experiences and valuable experiences). The findings provide useful implications for science education in
elementary school and can be used by elementary school teachers and parents for science education as well.
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Introduction

Experimental science is one of the important subjects in elementary education, and today this field of
primary education is witnessing significant developments, to the extent that the practical education of
this subject has gained great importance, and educators and trainers are pursuing the application and

deep learning of this subject (Strand-Cary & Klahr, 2008). Creating a transformation in past processes

to achieve these goals is inevitable. In this regard, implementing innovative learning and teaching

patterns is one of the important components of this transformation (Hug et al., 2005). Education in

science and technology is one of the fundamental pillars of education and training, whose direct impact
on the cultural, economic, political, social, and material and spiritual capital development of a society
has been well established (Perignat & Katz-Buonincontro, 2019). With the recognition of the importance

of science in determining the cultural, social, and economic position of a society, the importance of

science education and its universalization is more evident. One of the most important achievements of
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science education is the training of individuals with knowledge that enables them to think logically and
make informed decisions (Harlen, 2005).

Since it can be expected that science education in elementary education prepares students for lifelong
learning and, in other words, increases their ability to acquire scientific and technological literacy,
learning experimental sciences, like other sciences, is considered an important matter because it is
related to daily life and its importance has increased with advances in technology (Momeni Mehmoi et
al., 2013).

The objectives of science education in secondary education have been expressed in a list format in

various books and articles, and at first glance, there may be a slight difference between the lists of
objectives, but upon careful examination, we will find that all the lists are close to each other in
agreement, and their differences are mainly in how the objectives are explained. Science education in
this period should help students become familiar with the surrounding environment and create a kind of
awareness, interest, and curiosity about natural phenomena in the environment so that they can recognize
nature, discover the laws governing it, and understand cause and effect relationships. This information
includes four areas: a) human body and health (health sciences), b) living environment (biological
sciences), ¢) non-living environment (earth sciences), and d) subjects related to matter and energy

(physical sciences) (Bergmann & Sams, 2012).

On the one hand, science education in secondary education should create desirable attitudes and
scientific attitudes in students that are desired by the education system of society. Among the attitudinal
objectives of experimental science education, laboratory work can include things such as attention to
the grandeur of the phenomena of creation and the grandeur of the Creator, willingness to cooperate,
patience, honesty, understanding others, curiosity, environmental protection, creative thinking, and so
on (Abolghasemi & Mohamadi, 2020).

So, teaching science requires creating insight and deep understanding of the world around us and laying

the foundation for honoring the Creator through understanding the magnificence of creation. On the
other hand, given the increasing dependence of various dimensions of human life on scientific and
technological achievements, it is essential to provide scientific and technological literacy with a
monotheistic perspective, which is the main approach of the general curriculum of experimental sciences

(Amani Saribaglou et al., 2019). To achieve this literacy, students need to be placed in situations where

they can link their knowledge, skills, and attitudes and reach competency. Topics such as gratitude,
frugality, and helping others can be included in science education (Amani Saribaglou et al., 2019).
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Traditional teaching methods are no longer responsive to students' needs, as these methods do not
promote problem-solving skills, information use, collaboration, and understanding with each other. The
increasing progress of technology has made traditional teaching methods inadequate (Tony, 2016).

Despite some research that has been done in this area, there has been no comprehensive research on the
synthesis of teaching science in the second elementary school cycle, and only relatively close subjects

have been studied. For example, Abdolmaleki et al. (2021) compared the effects of guided play, free

play, and direct instruction on first-grade students' learning in science. According to the findings of this
research, modern teaching methods, especially exploratory and participatory methods accompanied by

practical and laboratory activities, are used in science teaching is very effective. Brahuei Moghadam

and Kahrazehi (2020) compared teaching methods in Iran and England and found that innovative

teaching methods such as flipped teaching and exploration make science education more attractive.

Ahmadabadi et al. (2021) investigated the effect of flipped teaching compared to co-teaching,

exploration, and lecture methods on sixth-grade students' learning in science and found that flipped

teaching and exploration make science education more attractive.

Science education introduces students to scientific laws that help them understand the workings of the
universe. Through learning science, students develop curiosity, creativity, innovation, critical thinking,
and logical reasoning. They must always seek answers to fundamental questions of why, what, and how,
and these answers should be based on scientific and practical foundations, which means conducting
experiments and experiences (Stinner et al., 2003). Practical activities are crucial for the advancement

of experimental sciences. Laboratory work has opened many doors for researchers to discover new
inventions and innovations. Therefore, practical and laboratory work plays a fundamental role in science
education, particularly in the experimental science curriculum of the second elementary school cycle. In
addition to familiarizing students with tools and methods used in science laboratories, practical work
also strengthens and develops problem-solving skills. Based on it, this research aims to answer the
question of how to synthesize science education in the second elementary school cycle.

Material and Methods

This research is a qualitative study that used the synthesis research method based on a standard model.
The research environment in the synthesis phase included all reference texts (articles and books) in the
range of 2008 to 2020 in the field of science education in the second elementary school cycle. Based on
this, 40 sources were studied and reviewed in a purposive method, and the sampling process was stopped
based on information saturation. It should be noted that the data collection tool was a library exploring
method. For this purpose, content analysis was used to identify science education in the second

elementary school cycle through extracting information from specialized articles and books. In the
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textual description version, which is a form of archiving data collection, the maximum amount of

information was recorded to have the most essential information available for data analysis and coding.

Results

The research environment in the synthesis phase, as shown in Appendix 1, included all reference texts
in the range of 2008 to 2020 in the field of science education in the second elementary school cycle.
Based on this, 40 sources were studied and reviewed in a targeted manner, and the sampling process
was stopped based on information saturation. A summary of 15 sources is presented in Appendix 1
(table 1).

Based on the findings of the synthesis research, environmental factors affecting education include
supportive factors (family-centered and school-centered), the out-of-school environment, the socio-
cultural environment, science curriculum design, including goals (educational, developmental,
motivational), content (knowledge-based, practical and skill-based, challenging and thinking-based),
teaching strategies (group discussion, pre-organization, exploration, problem-solving, learner support,
laboratory-based, cognitive development, game-based, aesthetic), the in-school environment
(independent, individual, deep, collaborative, exploratory), assessment (assessment tools and methods),
learned skills (life skills, mental skills, social skills, thinking skills), science teaching approaches
(teacher-centered, student-centered), and learning experiences (meaningful and valuable experiences),
which are presented in Figure 1.

Figure 1 presents the synthesis of science education in the second elementary school cycle. This model
starts with broader external layers and moves towards the central and innermost layer. Environmental
factors affecting education have a direct impact on science teaching approaches, which form a cohesive
foundation for all aspects of science education, such as science curriculum design and learning
experiences, and influence the outcomes and learned skills, which are the core of the model. In fact, all
factors are interconnected and interact with each other to achieve the ultimate goal of science education,

which is learned skills, and based on these learned skills, they shape and progress.
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Fig. 1. Synthesis of science education

Discussion

The aim of this research is the synthesis of science education in the second elementary school cycle.
Based on the findings of the synthesis research, environmental factors affecting education include
supportive factors (family-centered, school-centered), the out-of-school environment, the socio-cultural
environment, science curriculum design, including goals (educational, developmental, motivational),
content (knowledge-based, practical and skill-based, challenging and thinking-based), teaching
strategies (group discussion, pre-organization, exploration, problem-solving, learner support,
laboratory-based, cognitive development, game-based, aesthetic), the in-school environment
(independent, individual, deep, collaborative, exploratory), assessment (assessment tools and methods),
learned skills (life skills, mental skills, social skills, thinking skills), science teaching approaches
(teacher-centered, student-centered), and learning experiences (meaningful and valuable experiences).

The mentioned results are consistent with the findings of Abdolmaleki et al. (2021), Brahuei Moghadam

and Kahrazehi (2020), and Ahmadabadi et al. (2021). In response to the above question, it can be said

that nowadays one of the problems in science classes is the use of ineffective and traditional teaching
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methods. Traditional methods are not responsive to the learners' needs and do not include problem-
solving skills, information application, participation and collaboration, and understanding of each other.
The increasing progress of technology in the world has led to traditional teaching methods no longer
meeting the needs of students. In this regard, great efforts have been made to provide new and innovative
methods based on the individual and social needs of students to cultivate their creativity and scientific

production and open new windows in the field of science and technology for them (Mirdrikvandi, 2016).

These conditions have challenged educators and teachers on how to best educate learners in the face of
today's technology and the speed of the use of information and communication technology in the global
arena and prepare them for life in such societies. The answer to this challenge is the integrated learning
model that combines the best features of face-to-face and electronic learning. By adding learner-centered
learning to face-to-face learning and using powerful tools such as standardized instructional content,
this method can easily achieve higher quality education than both learning methods. In addition to the
quality of learning, the integrated education system is implemented at a lower cost than face-to-face

methods and at a higher quality than electronic education (Forootan et al., 2023).

Zimmerman (2000) argues that self-guidance is not only an academic performance but also a self-
management process through which learners transfer their mental abilities to relevant study skills. The
need to pay attention to learners' cognitive theories of learning has led to the emphasis on complex
thinking skills and cognitive and self-guidance stimuli. Today, more attention is paid to how learners
interpret their thoughts to solve complex problems. Today, the issue of education in schools requires the
use of methods that make learning enjoyable and effective for students. Moreover, the application of
proposals and attention to research results has led to a change in the attitude of teachers, planners, and
educational policymakers towards using technology more and more purposefully in education.

Given that now, the impact of the flipped classroom approach on learning is being studied with various
statistical communities worldwide. Emphasis on learners in their learning process and meaningful
evaluation has gained significant meaning. This also affects the students' mental construction, and these

students will be more successful (Kenna, 2014).

Experimental science is one of the important subjects in elementary school, and today this field of
elementary education is undergoing significant changes, to the extent that the practical teaching of this
subject has become very important, and those responsible for education are seeking to apply and deeply
learn this subject. Creating a transformation in past processes is inevitable to achieve these goals. In this
regard, implementing innovative learning models is one of the important components of this
transformation. Teaching science and technology is one of the fundamental pillars of education and

development, and its direct impact on the cultural, economic, political, social, and material and spiritual
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capital development of a society is well established. With the acceptance of the importance of science
in determining the cultural, social, and economic position of a society, the importance of teaching
science and the need to make it universal is better understood. One of the most important achievements
of science education is the education of individuals with knowledge who can think logically and make
informed decisions (Harlen, 2005). Since it can be expected that teaching science in elementary school
prepares students for lifelong learning and, in other words, teaching science increases students' ability
to acquire scientific and technological literacy, given the advances in today's science, learning
experimental science, like other sciences, is an important matter because it is related to daily life and its
importance has increased with the advancement of technology.

In the discussion of research proposals, it should be noted that the interdisciplinary and logical
combination (integration) of subjects is essential in guiding learners' academic and personal
development, as it can strengthen the transfer of learning. Learners have the opportunity to learn
similarities in concepts and strategies better than when subjects are taught separately, and they learn to
use concepts in different areas. It also teaches them how to think, make decisions, organize their
thoughts, acquire learning, research, data collection, and analysis skills and leads to the development of

learners' thinking.
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Appendix
Table 1. Summary of 15 study selected for analysis

Row | Researcher(s) Year | Title Results Extracted themes
1 Fuat Serkan 2020 | FLIPPED CLASSROOM | The lack of technical tools as a weakness in the | Increase participation
IMPLEMENTATION IN | reverse learning model, students are interested in | in lessons
SCIENCE TEACHING the teaching model.
2 S.Nursetiawati 2020 | SCIENCE EDUCATION IN THE | The results showed that family participation | Family participation
FAMILY ENVIRONMENT | motivates students when doing experiments. Using the  online
WITH THE EXPERIMENTAL method
METHOD OF FACIAL Creating independent
COSMETICS PLANT learning
FERTILIZATION IN  THE Teacher and parent
COVID-19 PANDEMIC ERA relationship
3 Sirinapa 2019 | Professional changes of primary | The analysis showed that joint science action | Professional
Kijkuaku science teachers: experience on | research enables teachers to change their | development of
collaborative action research in | teaching methods in classroom conditions and | teachers
Thailand they needed the support and attention of their | Support of  school
school principal. principals
Changing teaching
methods
Attention school
principal
Reflection on teaching
methods
High quality support
The important role of
parents
4 Dolores Lépez | 2019 | Using Gamification in a Teaching | The general goals were to eliminate negative | Use of gamification
Carrillo Innovation Project at the Univers | prejudices, fear and rejection of attitudes | Eliminate negative
of Alcala: A New Approach to | towards science, foster conceptual and | biases
Experimental Science Practice procedural learning of knowledge among | Eliminate fear
students, and provide real life examples and | Rejection of attitude
experience using gamification to learners. towards science
Fostering  conceptual
learning
Fostering  procedural
learning among
students
Provide real examples
Increase motivation
Improving  students'
skills
Professional
development of
students
5 Rita Yeboah 2019 | Making primary school science | This project is to produce low-cost educational | Use of waste materials
education more practical through | resources to develop practical and interactive | Turning waste
appropriate interactive | resources for teaching science at the primary | materials into useful
instructional resources: A case | school level in developing countries, and it can | resources for lessons
study of Ghana be found that waste materials can be safely used | Use attractive
to be appropriate and useful. This research is for | educational resources
science teachers. It designs that they can collect | to attract attention
waste and low-cost materials freely and turn | Using the teacher's
them into useful resources for effective lessons. | improvisational skills
6 MaiderPérez de | 2018 | Design of Knowledge Models for | Experimental science education is a compulsory | Knowing the natural
Villarreal Teaching Experimental subject in the Bachelor of Elementary Education | social environment
Sciences at University (BDPE). This field is related to the field of | Concept maps
education and in the field of "knowing the social | Student  engagement
and natural environment." with learning
Promotion of
motivation
Promotion of
metacognition
7 Isabelle Girault 2017 | LABBOOK: A WEB | Teaching based on active learning that requires | Education based on
ENVIRONMENT FOR ACTIVE | writing scientific reports. For example, inquiry | active learning
SCIENCE learning, project-based learning (PBL), are | Writing scientific
LEARNING experiential processes that aim to promote active | reports

learning

Investigative learning
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Project-based learning

8 Luis Del Espino | 2017 | The Teaching of the Experimental | The attitude of promoting experimental science | Creating a real
Diaz Sciences in Primary Education | from school to form a part of society's culture is | scientific culture
through a Methodology by Inquiry: | still insufficient, it is necessary to take initiatives | Developmental growth
Learning Difficulties and | according to society's interest in science and to | of students
Pedagogical Guidelines create a real scientific culture. Attention  to  the
abilities of students
9 Book 2017 | Inquiry-Based Science Education | Itshould be taught in science classes by teachers | Use simple tests
Promoting changes in science who know the basic principles of science and | Creative dealing with
teaching in the Americas who are able to stimulate children's curiosity and | everyday and objective
help them develop their experimental skills, | problems
through simple experiments using, teaching | Motivational training
materials, that teach. Facilitates Education based on
research and
development
Holding a class in the
laboratory
Searching for answers
to the mysteries of
nature
Discover basic science
concepts
Recognizing the
difference between
science and prophecy
10 Matthew John | 2016 | Teacher Experiences with Flipped | In order to foster a dynamic and interactive | Dynamic learning
Caicco Classrooms in Secondary learning environment, the teacher should engage | environment
Science students with the subject while using guiding | Interactive learning
concepts and creatively. environment
Creative  engagement
with the subject
11 Saber 2020 | Comparison of the effects of | Teachers guide them toward curriculum goals, | Guided play
Abdolmaleki guided play, free play and direct | which makes children experience fun and | free play
teaching on children's learning in | discovery-filled play. Guided play can enhance | Direct training
the first grade experimental | the discovery of unknown functions. Focus on learning
science course objectives
A pleasant experience
An experience full of
discovery
Increase the discovery
of unknown functions
12 Brahoei, N.M. 2020 | A comparative study of teaching | Based on the findings of this research, new | exploratory methods

methods of experimental science
education in Iran and England

teaching methods and models, especially
exploratory and collaborative methods, are
actively used along with practical and laboratory
activities in the teaching of experimental
sciences in England.

Collaborative methods
Scientific and
laboratory activities
Having  educational
facilities and
equipment

Using information and
communication
technology

Lifelong learning
Creating talent and the

ability to  acquire
scientific-technological
literacy

observe

measurement
Interpretation of
findings
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13 Ahmadabadi, Y.Y. | The effect of teaching with the | New teaching methods, such as flipped teaching, | Flipped teaching
Arezo flipped method compared to | make exploration more attractive in | exploratory method
collaborative, exploration and | experimental science education. Deep learning  of
lecture methods on the learning of science
experimental science in the sixth Learning critical
grade. thinking
Flexibility factor in
science education
Learning life skills
14 Negahban, 2020 | Identifying some of  the | In order to teach the topics of earth sciencesand | Drawing a mental
Mohadesh misunderstandings of fourth grade | astronomy, it is not limited to theoretical topics, | model by the student
students at the beginning of the | and students are asked to express their mental | Clearing
experimental science course based | patterns regarding the rotation of the earth | misunderstandings
on the 2015 Tims study around the sun, and scientific demonstrations | Use of  functional
and educational clips are used for better | assignments
understanding. In addition, it is recommended to | Coordinated changes
use functional assignments to  clear
misunderstandings in the field of earth sciences.
15 Jahani, Jafar 2020 | Development and validation of the | The content of science textbooks should insist | Cultivating logical
interactive model of teaching | on direct, continuous education and the | thinking
creativity in the experimental | development of logical thinking and the | Creative  knowledge
science course of the first year of | acquisition of creative knowledge of students. | acquisition
high school and its effect on the | So considering that the most important issue in | Use of appropriate
development of students' | teaching creative students is the use of | educational content
creativity. appropriate educational content and various | Using different
methods, problem finding, problem solving, | methods

creativity and thinking. Textbooks, including
experimental sciences, can have a very positive
effect on the growth and flourishing of students'
creative and divergent thinking.
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A creative look at
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teaching creativity
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searching

Abilities with practice
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