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Abstract
This paper aimed at describing and explaining chemistry learning strategy for senior high school students based on starter experiment. This learning strategy was developed through research and development (R&D) accommodated from Borg and Gall. The learning strategy consists of three main parts, namely: learning theory, social situation, and syntax. The learning theory used for developing this learning strategy are behavioristics, cognitive constructivist, and social constructivist learning theories. The social situation explains the role of teachers, students, and schools in the implementation of learning strategy: teachers play a role as learning manager, students play a role as active learners, and schools play a role as learning facilities provider. The syntax consists of three main steps, namely observation, concept formulation, and concept application. The observation step consists observation of macroscopic phenomena of matter, writing of observation results, and formulation of questions conducted individually by students. These activities are followed by the discussion of observation results, questions formulation, and question answers conducted by students in groups. The concept formulation and application are also conducted by students in groups based on the task given by the teacher. Therefore, it can be mentioned that this learning strategy involved individual dan group learning of students focused on student centre learning activities. It is believed that this learning strategy can be used to enhance students’ participation and achievement in learning.
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Introduction
Chemistry learning is defined as the learning of matter focusing on the structure of matter, the properties of matter, the change of matter, and the energy involve on the changing of matter (Jespersen, et al. 2012). Therefore, one suitable approach of learning chemistry is the use of a structural approach. This approach begins with the macroscopic phenomena of matter, the microscopic phenomena of matter and the symbol used to represent the phenomena of matter, either macroscopically and microscopically (Subagia, 2011; Kirna, 2011). 

The fact showed that chemistry learning performance was still poor and faces many problems. The first problem reported was the classroom learning situation. It was found that the classroom learning was still dominated by teacher’s activity involving one way of learning so called teacher centred learning (Rahayuningsih, et al. 2012; Fajri, et al. 2012; Pusporini, et al. 2012). The second problem was students’ behaviour in classroom. It was mentioned that students’ participation in classroom learning was poor. Many students did not participate actively in classroom learning (Istiana, et al. 2014; Fajariah, et al. 2016; Pambudi, et al. 2016). Pusporini, et al. (2012) reported that the use of laboratory in chemistry learning was not optimal. Wiratma (2013) stated that many teachers did not teach chemistry with experiment due to national exam did not contain praticum learning materials.
This general phenomenon was also supported by the interview result of first year students of Chemistry Education Department Universitas Pendidikan Ganesha (Undiksha). Since academic year 2015 until 2019, it was always found two until three students that had no experiences in doing experiment at laboratory. The rest of students mentioned that they had one until three experiment activities during at high schools. The practicum topics were acid base properties, electrolyte and nonelectrolyte solutions, and colligative properties of solutions.   

Theoretically, chemistry learning at schools should be conducted on the bases of scientific approach which is introduced as five steps of learning strategy, namely observing, questioning, collecting data, associating data, communicating finding. This strategy is the simplification of whole scientific processes which include nine steps of learning, namely: observing, formulating problem, formulating hypothesis, designing investigation, conducting investigation, collecting data, analysing data, formulating conclusion, and reporting finding. In addition, chemistry learning is also directed to the development of scientific attitudes in the form of spiritual and social competencies. The content of chemistry learning in senior high school consists of several experiment topics. Therefore, the development of students’ competencies is also focused on skills development, particularly scientific skills, such as observing, questioning, using chemical apparatus, etc. These facts showed that experiment should become the main method used in chemistry learning at schools.

There are several factors influenced the performance of chemistry learning, namely the method used by teachers, the motivation of students in learning, the learning media used, the students’ critical thinking, and student’s discipline and tolerant. Wiratma (2013) reported that many teachers focused chemistry learning on delivering information and exercises in accordance with the problem expected rises in national exam. Moreover, it was mentioned that experiment method was rarely used by teachers in chemistry learning. Mahindo, et al. (2017) stated that one factor contributing the poor performance of chemistry learning was the type of teaching method. Fajri, et al. (2012) and Lina, et al. (2013), declared that teachers  rarely used learning media in learning chemistry. In addition, it was reported that the motivation of student to learn was low (Sartika, et al. 2013; Azisah, et al. 2014); students’ critical thinking was low (Demis, 2015); and student’s discipline and tolerant were also low (Azisah, 2014). 

The situation and condition of chemistry learning mentioned above encourage to develop an alternative learning strategy for chemistry which is appropriate to overcome the weaknesses of chemistry learning. In this research, it is developed a learning strategy for chemistry which is called Learning Strategy for Senior High School Chemistry based on Starter Experiment Approach. 
Materials and Methods 
This research was a research and development aimed to develop educational product in terms of learning strategy. The model of research and development used is accommodated from Borg and Gall (1989). The steps used were: 1) need assessment, 2) product design, 3) product development, 4) theoretical draft product validation, 5) draft product revision, 6) empirical product examination in small scale, 7) draft product revision, 8) empirical product examination in large scale, and 9) product finalisation. Theoretical product validation included content and construct validity conducted by expert. Empirical product examination included practicality and effectivity. The practicality of was examined by teacher, whereas the effectivity of product was examined through product implementation at schools. This paper describes the learning strategy developed in this research.
Results and Discussion 

The learning strategy consists of three main parts, namely: learning theories, social situation, and the syntax.

1) Learning Theories

The learning theories used as the basis for the development of this learning strategy include behaviouristic, cognitive constructivist, and social constructivist learning theories. Based on the behaviouristic theories (Pavlov, Thorndike, Skinner), the result of learning is seen from the changing behaviour of students. The process of learning can be conditioned through continual process of stimulus respond (S-R). The principle of learning included are providing stimulus to be responded by students, facilitating students to response stimulus actively, and repeating stimulus to produce permanent change, especially for skill development (Gredler, 2011). In this learning strategy, the stimulus is given in the form of starter experiment, observation results, and question formulation. These activities are conducted on the first step of each learning new material. These activities are expected to change students’ behaviour in learning from passive to become active students. The scientific skills developed through this process of learning are observing, writing observation result, and questioning skills. These three skills are considered essential in learning science (chemistry).

The cognitive constructivist theory (Piaget) argues that students construct their own learning through assimilation, association, and equilibration processes (Zhiqing, 2015). In constructing knowledge, students relate between their prior knowledge to the current knowledge. In this learning strategy, student is given an opportunity to respond starter experiment in the form observation result and question formulation. Students’ responses towards the starter experiment could be seen as an individual knowledge which will be discussed classically to become common knowledge (public knowledge).

The social constructivist theory (Vygotsky) describes that students construct knowledge faster when he or she is assisted by his or her friends, usually elders. The given assistance can be in the form of temporary help called scaffolding or in the form of challeng on his or her potential ability to learn known as zone of proximal development (ZPD) (Gredler, 2011; Suci, 2018). In this learning strategy, the development of student’s knowledge is conducted in the form of temporary help or challeng to solve problems given by his or her friend as well as teacher. In addition, it is mentioned that student will learn and perform better under free condition in which he or she has less pressure in learning. In this learning strategy, the pressure to learn will be reduced by giving an opportunity to the student to work in groups. Therefore, it can be expected that students will demonstrate their best learning process presenting their self-image. 
2) Social Situations

Three main parties will interact intensively in this learning process, namely teacher, students, and schools. Teacher plays role as a learning manager in which he or she should plan, teach, and assess learning process. Teacher should prepare all learning programs, such as lesson plan, worksheet, and learning materials required for the learning process; conducts teaching learning process in accordance with the program; checks all processes of learning; and take actions or decision for any inappropriate events. Students play a role as knowledge seeker and knowledge constructer. They are expected to actively participate in whole learning processes. In this case, they should follow all teacher’s instruction, such as observing starter experiment, writing observation results, discussing observation results, formulating question based on observation results, and working in groups to answer the given questions of concept understanding and solve the given problems by applying the concept learnt. Since this learning strategy uses experiment to initiate learning process, schools play role to provide materials and equipment required for the starter experiment.

3) The Syntax

The main syntax of the learning strategy consists of three learning activities, namely: observation of macroscopic phenomena of matter, concept formulation, and concept application. This syntax is integrated in the main activities of whole process of classroom learning, namely: pre-activities, main activities, and post-activity. Therefore, it can be mentioned that this learning strategy has three steps of learning process: observation, concept formulations, and concept application. The aim of observation step is to initiate the learning process in which students are asked to observe the macroskopic phenomena of matter and bridging them to learn the topic of learning. The aim of concept formulation step is to fasilitate students to discover concept from reading references. The aim of concept application step is to fasilitate student to solve real life problems by applying the concept learnt. The syntax of chemistry learning strategy based on starter experiment approach is described in Table 1.
There are three main points that need to be discussed in more detail to understand the learning strategy deeply, namely the learning theories, the social situation, and the syntax. The learning theories underpining the learning strategy are behavioristic, cognitive constructivist learning, and cognitive social learning theories. Since many students demonstrate inappropriate behaviour in learning, it is required learning activities conditioning students to learn. In this case, the learning condition is set out by giving starter experiment consisting of the macroscopic phenomena of matter. This starter experiment will train students to conduct critical observations as well as critical questions of observation results (Demir, 2015). In addition, the steps of learning (the concept formulation and application) will also develop learning condition in which the students will always learn the concept and apply concept to real life phenomena. Rewards are also provided by the teacher on the whole processes of learning to motivate students to learn. Moreover, the whole processes of learning through this strategy provide opportunities to the student to construct his or her knowledge by himself or herself in accordance with the cognitive constructivist theory in which it is explained that the construction of knowledge occurs through processes involving assimilation, accommodation, and equilibrium (Sutarto, 2017; Zhiqing, 2015). These processes are described as a learning cycle. Jack (2017) reported that students exposed to learning cycle performed significantly better than  those  that  used  the  conventional  lecture

Table 1. The syntax of chemistry learning strategy.
	Learning Steps
	Learning activities

	Pre-activities
	· Students and teacher say greeting

· Students and teacher pray before starting the lesson

· Teacher checks students’ attendance 
· Teacher motivates student to learn

· Teacher focuses student to learn

	Main Activities

	1. Observation
	· Teacher demonstrates starter experiment to encourage students to: 1) observe the given phenomena individually, 2) discuss and select observation results classically, 3) formulate questions based on selected observation results individually, 4) discuss and select question to be answered classically, 5) answer selected questions in a group, and 6) present the answer of the question in front of classroom. 

· Teacher facilitates students to: 1) conduct observation, 2) discuss the results of observation, 3) formulate questions, 4) discuss questions, 5) answer questions, and 6) present the answer of questions.

	2. Concept formulation
	· Teacher gives task to the students. The task consists of conceptual questions that should be answered in a group and the answer should be presented and discussed in the classroom.

· Teacher leads students’ presentation, clarifies concepts, and rewards students’ works.

	3. Concept Application
	· Teacher gives task to the students. The task consists of problems that should be solved by using the concept learnt in a group and the solution should be written and handed on to the teacher.

· Teacher clarifies the answer of the questions. 

	Post-Activities
	· Teacher ends the class by strengthening and enriching students’ knowledge of the lesson as well as giving announcement for the further learning activities.


method. This can be seen from individual learning process conducted during observation, question formulation, and discussion. The use of cognitive social learning theory can be seen clearly to the development of student’s knowledge through working collaboratively with his or her peers in a group. It is believed that student will learn better if it is assisted by their friend in more relaxing learning situation (Aji, et al, 2014). In this learning strategy, there are three opportunities in which students will learn with their peers, namely: during discussing the answer of question on observation step, during discussing concept formulation step, and during discussing concept application step.

This learning strategy is clearly defined the role of teacher, students, and schools. It can be mentioned that teacher plays important roles in the whole teaching learning process. Before conducting teaching learning process, teacher should spend time for developing learning program (lesson plans), students’ task (worksheet), learning materials, and instrument for learning assessment. During the teaching learning process, teacher should implement the program, facilitate, encourage, and motivate students to learn, as well as assesses the process of learning. After the teaching learning process, teacher should evaluate the learning achievement and reflect the pedagogy (Cassum & Gul, 2017). 

In this learning strategy, it is expected that all students should participate in learning process, both individually and in group, such as doing observation, formulating questions, and answering questions. The students should play roles as knowledge seekers who demonstrate their effort to learn. This learning strategy will inappropriate if students do not participate actively in learning. Since the experiment used for starting the lesson is considered simple experiment and usually can be obtained from daily life phenomena, the role of the school to provide fully furnish laboratory can be reduced. In this case, it is enough for the school to provide basic laboratory equipment that can be used to support teachers’ demonstration. Therefore, the problems of limiting laboratory equipment at schools can be solved (Pusporini, et al. 2012).

On the syntax, the activities of the students to learn are not describen explicitly because it is believed that the teacher and students activities are “coin sides” meaning that teachers’ activity on one hand will be followed by students’ activities on the other hand. The pre-activities which is also called apperception step is defined a mental process activity to prepare students to learn. This activity includes teacher and students greeting and praying together, checking student attendance, motivating, and focusing student to learn. These activities are conducted to prepare student’s mentality to learn. This is an important part of learning process that is mostly neglected by teachers. Sometimes, teacher teaches students in rush for the reason of time limitation and the huge content of learning that should be taugh.

The observation step is the most important step of this learning strategy. In this step, starter experiment is exposed to the students in which they should observe critically to obtain scientific observation instead of trivial observation results (Subagia, 2013). Firstly, students will learn the differences between scientific and trivial observation. This activity will lead student to be able to observe phenomena critically the so-called scientific observation. The scientific observation is defined as an observation result that potentially rises questions or problems. This knowledge will be used by students to do further observation. Secondly, student will learn how to formulate scientific questions based on observation results. In this case, students will learn different types of questions, such as explorative, spontaneous, and focused questions known as Socratic questions (Tofade, et al. 2013). The expected question is the scientific question. The scientific question is defined as a question that should have an answer supported by evidances or question that cannot be answer directly. This activity trains students to be able to ask critical or scientific questions. This knowledge will be used for further learning process. It seems that this learning activity takes more time when it is used at the beginning, however it is believed that it will come into normal time after the first or second lesson.

The concept formulation step is focused on the development of students’ knowledge in accordance with curriculum requirement. This is initiated by conceptual questions in which students should work in groups to find out and describe concept obtained from reading learning resources. The conceptual questions are formulated by the teacher based on the curriculum content. In this case, students will share ideas with their friends in group with regards to the answer of all questions. This activity gives opportunities to individual students to learn from each other.  After that, the students are asked to present their discussion result in front of the classroom. This activity provides a chance to the student to declare their knowledge in from of a bigger group (classroom). It is expected that all students will learn optimally since they learn in free environment with their peers.

The concept application step is focused on the ability of students to use concepts learnt to solve real life problems. This activity is designed to examine students’ understanding of the concept they are already learnt together. It is hypothesized that if students anable to solve the given problems, mean that they understand the learning materials. Since this task is also done in the same group, it is also expected that every student participates well in group discussion, share ideas, and help each other to develop his or her own knowledge (Taqi & Al-Nouh, 2014). The discussion results should be handed on the teacher to be assessed as the results of learning. In addition, the teacher will clarify all the answers of the problems afterwards.

The post-activity is designed for ending the class with some important activities. This activity is important because it has two main functions, namely: strengthening and enriching the lesson. Strengthening the lesson can be done by instructing students to summarize the lesson or giving similar task with the materials learnt. Enriching the lesson can be done by giving further task to maximize students learning. This task is given if the curriculum requirement is already fulfilled. Moreover, this activity is also used by the teacher to give announcement to the student for further learning plans.
Conclusion 
The learning strategy for senior high school chemistry based on starter experiment approach uses behavioristic, cognitive constructivist, and social constructivist learning theories as the theoretical concept of the learning development. This indicates that throughout this learning strategy, the focus of learning includes the changing of students’ behaviour and understanding of conceptual knowledge as well as its application in real life context. The roles of teacher, students, and school are clearly defined in this learning strategy, so each party should participate well to produce high quality of chemistry learning. This learning strategy should be implemented in the form of lesson plans that figure out the whole process of learning. The implementation of the strategy is prepared based on the syntax of the strategy involving observation, concept formulation, dan concept application which is implemented on the main activities of learning. Based on the design, it is suggested that teacher should use the syntax to formulate lesson plans. It is important to understand that using this strategy will spend more time at the begining, but less time afterwards. In addition, this learning strategy gives opportunities to students to process their learning, both individually and cooperatively.
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