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ABSTRACT
[bookmark: _GoBack]The development of pedagogical content knowledge (PCK) within prospective middle school science teachers participating in an Indonesian teacher professional development program was analyzed. A multi-rater feedback was used to assess the prospective teachers’ PCK in teaching “The Particulate Nature of Matter”. The Many Facet Rasch Model (MFRM) was also applied in this study. Reliability, item validity, separation and unidimensionality fall within good category. The analysis shows that only 12.5% of respondents demonstrate good PCK. The majority of respondents need to improve their PCK specifically in terms of representation and conceptual teaching strategy as well as curricular saliency and learner prior knowledge. The qualitative analysis on the factors influencing teachers’ PCK reveals that the curriculum content of the teacher professional development program is too broad and the workshop model is too burdensome.
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INTRODUCTION
Since Shulman introduced Pedagoical content knowledge (PCK) in 1987, studies on PCK have grown rapidly (Abel, 2008). It has become the focus of teacher professional development programs because it covers teachers' knowledge on students' success and failure in learning as well as specific teaching materials (Van Driel & Berry, 2012). PCK is considered as an indicator of teachers and prospective teachers' competences in America and some other countries (National Research Council, 1996; NSTA, 1995;  NCATE, 2001; Mishra & Koehler, 2006).
The concept of PCK  becomes a guide for teachers to transform contents through representation, examples, and experiences (Ball, Themes & Phelps, 2008) and its not limited to teachers' knowledge of teaching certain topics, but it also refers to "what the teachers do in classrooms and their reasons (Baxter & Lederman (1999, p.158). This gives an indication that PCK must be explored at two levels: the planned PCK and enacted PCK, which in turn will give a better and clearer understanding of how teachers design and implement PCK in their classrooms. The Planed PCK is an amalgam of teachers’ content knowledge and pedagogical knowledge of learning strategies needed so that certain science topics can be comprehensively understood by students.  The enacted PCK, on the other hand, refers to the type of PCK that can be observed during learning processes. Both types of PCK are needed for effective science teaching (Park & ​​Oliver, 2008).
PCK is dynamic, not static (Baxter & Lederman, 1999; Nilsson, 2008) meaning that teachers’ PCK can be developed all the time (Henze & Van Driel, 2015). Therefore, novice teachers usually demonstrate low PCK (Baxter & Lederman, 1999; National Research Council, 1996 and Van Driel et al., 2002). Although PCK develops through teaching experiences, novice teachers’ PCK can be developed through intensive training that collaborates with experts of content and pedagogy (Williams, J., 2012; Loughran, Berry, & Mulhall, 2004 & 2006). This is a challenging task for pre-service teacher educators (Aydeniz and Kirbulut , 2014). For science teachers to teach science in an effective manner, they need to possess sophisticated PCK, both the planned and enacted PCK (Mansor, Halim, & Osman, 2010; Park & Oliver, 2008; Van Driel, Verloop, & De Vos, 1998 ).   Regarding the TSPCK model proposed by Gess-Newsome (2015) in the context of professional teacher development and teacher certification programs, teacher preparation programs should emphasize more on "how to teach a specific topic". Prospective teachers should know how to teach specific topics, for example, "stoichiometry"or “electricity" (Aydeniz and Kirbulut, 2014).
Research on Teacher Professional development programs attract for researchers from different parts of the world (Postholm, 2012; Santoro, et al., 2012;   Widodo & Riandi 2013). Several studies suggest that the teacher professional development programs by Indonesian government apparently cannot effectively improve teachers’ competencies (Rahman, et al., 2015; De Ree, et al., 2018). This is seemingly due to teachers’ lack of subject mastery or content knowledge (Al-Samarrai, et al., 2013; Prihono, 2014). This problem eventually results in the Indonesian students’ low achievement in PISA and TIMMS (OECD, 2015). The failure of teacher training programs is apparently due to the absence of problem solving related to "what will be done in classrooms". Most teacher training programs focus more on how to help teachers to learn about broad theories of teaching, learning, or a subject matter as a discipline (Aydeniz & Kirbulut, 2014). According to Nealsen (2003), the failure was because teacher training programs always involves a large number of participants and a wide range of curriculum content that leads to fewer opportunities for teachers to improve the material understanding and how to teach particular topics effectively. Related to the teacher certification program, teachers who have received professional allowance are still considered incompetent (Trianto, 2012, Rahman, et al., 2015; de Ree, et al., 2018). 
Learning from the previous failure, the Indonesian government is currently conducting a teacher professional development program (Indonesian: Pendidikan Profesi Guru, PPG) with a limited numbers of participants for one year, it requires evaluation. This study employed a mixed-method analysis on middle school prospective Science teachers’ PCK participating in that program.  Analying the quality of prospective teachers’ PCK, we used a multi-rater assessment employing Many Facet Rasch Model (MFRM) for quantitative analysis. MFRM is an accurate analysis program used to evaluate teachers’ performances with a small number of subjects (Linacre, 2013). Meanwhile, the qualitative analysis is used to discuss the factors influencing the prospective teachers’ PCK.
  According to Gess-Newsome (2015) this mixed methods study focus on specific learning topics, one of which is "the particulate  nature of matter". This topic is the basis for understanding some chemical concepts and other scientific concepts (Haidar, 1997; Snir et al., 2003; Tsai, 1999). The understanding of the particulate nature of matter can even improve learning achievement in chemistry (Gabel, 1991). Therefore, Harrison & Treagust (2002) recommend research on this topic to investigate both science teachers and students. Although this study only focuses on analyzing the PCK of prospective teachers on one of the science topics in middle school, the in-depth analysis using MFRM and the qualitative analysis provide inputs for the betterment of the Indonesian teacher training programs in general. The findings of this study eventually have certain implication for teacher training programs in Indonesia. The research questions guiding this research are:
1.  How is the quality of the assessment instrument to assess PCKon the specific topic of "the particulatenature of matter"?
2. What arethe PCK levels of the 16 prospective teachers participating in the teacher professional development programs in Indonesia?
3. What are the flaws of prospective middle school science teachers’ PCK?
4. What factors influence the prospective teacher's PCK of “the particulate nature of matter” ?
METHODS
This is a case study on teacher professional development in Indonesia which took place in a natural setting, where researchers do not manipulate the educational or pedagogical arrangements (Merriam, 1998). The combination of quantitative and qualitative methods was done in a sequential explanatory manner (Cresswell, 2009). Therefore, this study attempted to find out the quality of prospective science teachers’ PCK  and discussed the factors influencing it. 

Research context
The teacher professional development program in this study is a program that aims to improve teachers’ quality in Indonesia, especially prospective teachers (fresh graduates) who have served for a year in remote areas.This program is known as PPG.SM3T held for one year (2 semesters). The first semester offered a workshop on the preparation of subject-specific pedagogy (SSP) while the second one offered teaching practices in schools by implementing the new curriculum (the 2013 curriculum). “The particulate nature of matter” is the first chemical topic in science classes for middle schools which aims to distinguish the characters of solids, liquids and gases both macroscopically and sub microscopically (composition and motion of particles) followed by topics on elements, compounds and mixtures (Wahono, Rahmadiyati, & Hidayati, (2016a & b). 
This topic is the continuation of a lesson material from elementary school, where students learns about the differences of solids, liquids, and gases based on their macroscopic nature which can be observed by the senses alone. According to the Piaget's theory  student at middle school have reached the formal operational phase (Wadsworth, 1996). They can think abstractly, so the topic of "The particulate nature of matter" at middle school should be associated with kinetic theory of matter, i.e. the composition and motion of particles in solids, liquids, and gases (Toplish, 2010; Nakhleh et al., 2005 and Ayas, Ozmen, & Calik, 2010). The understanding of the kinetic theory of matter particles can help students to learn further chemistry concepts (Gabel 1991; Snir, Smith, & Raz, 2003) and other science concepts (De vos and Verdonk 1996; Gabel, Samuel, and Hunn, 1987).
The learning processes in the 2013 curriculum emphasizes on the scientific approach:inquiry-based learning. This is a challenge for teachers to implement effective learning strategies related to submicroscopic of matter because particles cannot be observed directly. However, some researchers have proven the effectiveness of learning strategies to improve students’ understanding, e.g. demonstrations using real objects to describe particle motion (Boz and Boz, 2008; & Tsai, 1999); role playing demonstration (Tsai, 1999; Purvis, 2006), and computer animation (Boz and Boz, 2008).

Subject and Data
This is a quantitative-qualitative study involving a small number of participants (16 prospective teachers). All respondents were prospective middle school science teachers who were participating in the teacher professional development program (PPG-SM3T) batch 4 in one of the universities in Indonesia. The prospective teachers were divided in three groups, each of whom did the practice teaching in three public middle schools.
As many as 6 raters (multiraters) were asked to assess teachers' PCK of "the particulate nature of matter" by using a rubric instrument consisting of 12 items. Thus, there will be 16 x 12 x 6 = 1152 collected data (if no data was lost). Furthermore, the qualitative data is in the form of interviews, lesson plans, PPG curriculum, and PPG workshop schedules.

Table 1. The Descriptions of the PCK Rubric Items
	PCK Component
	Description
	Item
	Source

	Curricular saliency
	Big idea
	CS01
	Lesson plan & interview
 

	
	Sequencing process
	CS02
	

	
	The importance of the nature of matter concept for middle school Students
	CS03
	

	Learner Prior Knowledge
	Middle school students' prior knowledge
	PK04
	Lesson plan & interview

	Level of difficulty
	Abstract particles
	DM05
	Lesson plan & interview

	Representation &Conceptual teaching strategies
	Computer animations as teaching media
	RS06 &TS10
	Lesson plan
Interview Implementation

	
	Role play
	RS07 &TS09
	

	
	Real object demonstration
	RS08 &TS11
	

	
	Strengths and weaknesses of the implemented teaching strategies
	TS12
	Reflection





Instrument
The researchers developed a rubric instrument consisting of 12 items to assess teachers' PCK. The development process involved adaptation of five PCK components proposed by Geddis et al. (1993). This study integrated  representation and conceptual teaching strategies components. The 12 items were organized based on the literature review on “the particulate nature of matter” teaching which is proposed by some researchers, such as Boz and Boz (2008); Tsai (1999) and Purvis (2006). The descriptions of PCK components organized in rubric items are presented in the following (Table 1). Each item in the rubric was rated on a four-point scale (1= limited, 2= basic, 3= proficient, and 4= exemplary). 
Data analysis
The quantitative data analysis was finalized with MFRM which is the development of rasch model analysis involving multi raters. First, the data were raw scores of teachers' PCK ranging from 1 to 4 which were collected from the six raters; then the data were inputted into Microsoft Excel before the Facets 3.7.2 software was used. The analysis included three facets i.e. prospective science teachers' PCK, item difficulties, and rater severity.
The MFRM calibration in this study is based on severity (C) of the raters (j); which affects the assessment of the probability of teachers' PCK (n) on rubric items (i) to determine the threshold category (k) for the raters (j) with the following equation:
[image: ] 
 
 
This equation involves teachers' PCK (β n ), rubric items' difficulty level (δ i ) , the difficulty level threshold (Fk) , and raters' severity (Cj) (Boone, 2014; Englehard, 2013). As an advancement of Rasch model, MFRM is a logistical latent model of probability which is able to provide information on raters' accuracy, reliability, and validity based on the value of outfit means-square (MNSQ) , a standardized outfit (ZSTD), and point measure correlation (Pt.MeaCor) (Linacre, 2004; Boone et al., 2014; Bond and Fox, 2015; Sumintono & Widiarso, 2015; Linacre, 2017).
In the qualitative analysis, we tried to explore the curriculum content and SSP preparation workshops, we also conducted in depth interviews about their lesson plans and teacher's understanding of the "the particlate nature of matter" as a specific topic in teaching.

RESULTS  AND  DISCUSSION
The Quality of PCK Assessment Rubric Items
The MFRM analysis of the 16 prospective science teachers’s PCK was the result of an assessment involving 6 raters using the PCK assessment rubric for specific topics consisting of 12 items covering 4 PCK components (see Table 1). Table 2 below presents a summary of the statistics on the reliability and separation index of both the items and the raters of the MFRM analysis results. Item reliability of 0.97 is classified as very good for a measurement (Bond & Fox, 2015; Sumintono & Widhiarso, 2014; & Linacre, 2013).

Table 2. Reliability and separation report in PCK ability measurement

	
	Mean 
	SD
	Separation
	Reliability
	Model SE

	Ratee
	0.00
	0.90
	2.98
	0.90
	0.29

	Item
	0.00
	1.50
	5.0
	0.97
	0.27


                         Note: SD = standard deviation; SE = Standard Error
The high item reliability shows that all items define the latent variable well. This means that the twelve items can be relied upon and can be used in different groups of respondents. Whereas the item separation index shows item difficulty range (Perera, Sumintono & Na, 2018). Wider item difficulty range shows higher fitness. In this study, the item separation index of 5.0 clearly indicates a good distribution of items (Fisher, 2007). This criterion shows that this PCK assessment instrument is suitable and reliable to identify the science teachers’s PCK. Whereas separation index for ratee indicates how well this rubric can assess "people’s ability" in terms of latent nature, namely PCK in teaching a specific topic called "the nature of matter".
Table 3.Characteristic of items
[image: F:\submit jurnal\item measure.png]

The overall quality of rubric items for assessing teacher's PCK is shown in Table 4. It is found that the logit values of all items fall within + 2SD and -2SD indicating that there is no outlier item. The Measure correlation point values fall within 0.32 <x <0.8 (nothing negative) suggesting that all items are in accordance with the agreed latent variables. The outfit MNSQ value is between 0.5-1.5 also showing that no item is misfit with the model. Although items RS06 and TS10 have outfit MNSQ higher than 1.5, both items has the required ZSTD (+2.0 < ZSTD < -2.0) and Pt mea (0.5-1.5). Thus,both items are not considered misfit. 
The MFRM analysisof all items also shows high unidimensional items based on the minimum of 20% variance in Rasch Model (Engelhard, 2013). In this study, the Variance is 60.98% suggesting that all items have one latent variable.

Prospective Science Teachers’ PCK
The analysis results of prospective science teachers’ PCK using MFRM is shown in the second column of Figure 1 (the simultaneous measurement of logit distribution of prospective teachers’ PCK) and PCK assessment rubric items about "the nature of matter" is in the third column. The first column ("logit scale") is sorted from the lowest to the highest. Logit distribution scale is in a mean zero logit (Boone et al. 2014). The result shows that the prospective Science teachers (ratee) are within zero logit meaning that they have average ability.
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Figure 1. Variable map of ratee and items

Based on Figure 1 and Table 3, the ratee's distribution logit is within +2.13 to - 2.12 and sorted from the lowest to the highest with mean values of 0.0 and SD 0.90 (see Table 2). A prospective teacher with initial Is has the highest logit while a prospective teacher called Ld has the lowest one (the second column).The SD value is essential to classify the prospective teachers' PCK. The ratee with logit higher than the SD demonstrate good comprehension on PCK, the ratee with logit lower than -SD has poor comprehension on PCK, and those with the in between demonstrate moderate comprehension on PCK (Perera, Sumintono & Na, 2018). The second column of Figure 1 shows that prospective teachers with initials Is and Nr are ratees with the best comprehension on PCK. The other 9 ratees (Rs, Tn, Rl. Rr, Na, Nr, Zk, Ot and Lt) have moderate PCK while the rests (Bt, Hr and Ld) have poor PCK. This categorization of ratee into three groups is supported by the index separation value (Table 3) for the ratee.

The Prospective Teachers’ PCK on each component
The PCK was assessed using an instrument which is an integration of specific content knowledge of "the nature of matter" and PCK components. According to Geddis, et al. (1993), the PCK components consist of curricular saliency, learners’ prior knowledge, what makes a topic easy or difficult to understand, and representation & conceptual teaching strategies. The instrument consists of 12 items as described in Table 1. The PCK analysis on each component using the MFRM is indicated by the characteristics of each item shown in Table 3. Further, Table 3 presents the measurement results of logit values ​​indicating item difficulty level. It is shown in the third column of Figure 1 which is sorted from the easiest item with the smallest logit value at the bottom to the hardest item with the largest logit value at the top. Thus, item TS10 is considered as the most difficult item while item DM05 is the easiest one. The PCK rubric items are also grouped according to SD value (1.50) as shown in Figure 1.
Based on the classification of the item difficulty level based on the SD value in the third colomn of Figure 1 and Table 2, apparently  there are 4 items that are classified as difficult, i.e. RS06; RS07, TS09 and TS10. Items with RS and TS codes are items that represent PCK componentsrelated to representations & conceptual teaching strategies. According to the six raters, these four items are not mastered by most participants. Only two participants with high PCK (good teachers), i.e. Is and Nr master these four items (see Figure 1). Items with RS code represent teachers’s ability to design their lessons. RS06 is related to teachers’ ability to design learning assisted with computer animation learning media. The use of learning media is to help students to comprehend the arrangement and particle movement of solids, liquids, and gases. Meanwhile, TS10 is an item that represents teachers’s ability to implement computer-based animation learning in classrooms. RS07 item represents teachers’s ability to design learning processes using role playing method to helpstudents in understanding thearrangement and particle movement of matter. TS09 is used to assess the teacher's ability to implement role playing demonstrations in their respective classes. Both computer animation and role playing demonstration are learning strategies that have been proven effective to improve students' understanding of particle properties of materials in terms of submicroscopic aspects, where matter consists of particles that cannot be observed directly by students (Boz and Boz, 2008; Tsai, 1999; Purvis, 2006).
.
Tabel 4. Clasification of itemdifficulty level

	PCK components
	Hard item
	Moderate item
	Easy item

	Curricular saliency 
	
	CS01; CS02 &CS03
	

	Learner prior knowledge
	
	PK04
	

	What makes a
Topic easy or difﬁcult to understand 
	
	
	DM05

	Representations & conceptual teaching strategies
	RS06 RS07 TS09 TS10
	RS08 TS11; TS12
	



Items related to the representation componentand conceptual teaching strategy component are classified as moderate items and mastered by all prospective teachers (RS08 and TS11). The two items represent the use of real objects to classify objects into solids, liquids and gases based on theirmacroscopic nature.
Based on Table 4, the items related to curricular saliency and learners’ prior knowledge are included in moderate category, meaning that prospective teachers have mediocre knowledge on the big ideaand the importance of the "nature of matter" concept for junior high school students. In regards to learners’ prior knowledge, the teachers are moderately informed on knowledge possessed by middle school students who have just graduated from elementary school. The items that fall within easy category are items related to ‘what makes it difficult’. This indicates that all respondents really understand that the concept of particles isdifficult to graspbecause they have very small sizes and cannot be seen by the unaided eyes (abstract). The teacher has difficulty with learning strategies that are appropriate to this science concept. Therefore, teachers prefer representation and conceptual teaching strategies by observing real objects to classify real objects based on macroscopic properties.

Factors Influencing  the PCK of ProspectiveScience Teachers
To find out the factors that influence the respondents’ PCK, we first collected and observed the lesson plans from all teachers (good, moderate, and poor teachers). Observation results indicatethat alllesson plans are similar, especially in terms of representation &conceptual teaching strategy, where almost all teachers use real objects that are easily found in everyday life to group the objects into solid, liquid, and gas based on properties that can be observed. For example, cooking oil is a liquid because its shape changes according to its container; a piece of wood is a solid matter because itsshape is fixed; and the air is classified as a gas because of its expandable nature (filling the spaces). Of the 16 prospective teachers, only two teachers designed different lesson plans, i.e. teacher Is and Nr. In addition to using real objects, bothteachers used role playing and computer animation learning media to represent the motion and distance of particles in solids, liquids and gases in their classrooms.This fact led one of the authors to conduct in depthinterviews with all respondents, with the following questions.
Interviewer: How did you develop the lesson plan?
All teachers gave the same answer: the lesson plan they usedin teaching practice was the result of the SSP preparation workshop in the first semester of PPG. They worked in groups, each of which designed a lesson plan for a chapter of science learning materials for grade 7 to grade 9. The lesson plan for “the particulate nature of matter” was designed by a group only and the rest of the groups adopted it. Therefore, almost all the respondents in this study used the same lesson plan for this topic.

“We were assigned to develop lesson plans in the workshop. We worked in groups and each group had to develop a lesson plan for a unit. Our lesson plans were then presented, corrected, and shared with our classmates. These lesson plans were used in teaching practices,” (Tn).

Based on these findings, the reviewer then tried to analyze the PPG curriculum and supported documents. The curriculum analysis found that the PPG curriculum followed a block pattern, where the workshop activities to develop the SSP were focused on semester 1 and teaching practice in schools in semester 2. There was 38 credit points in total consisting of 21 credit points for workshops in developing ssp learning materials for grade 7-9, 16 credit points for teaching internship and 1 credit pointfor classroom action research training.

Interviewer: in your opinion, which area of  "the nature of matter” is difficult for students to understand?
All respondentsgave the same answer: the topic discussing that matter consists of particles. The main reason is that particles of solids, liquids and gasesare abstract and not visible to the unaided eyes. Thus, students find it difficult to grasp the concept. 14 teachers (Rs, Tn, Nr, Rl, Rr, Zk, De, Lt, Ms, Na, Ot, Bt, Hr, and Ld) encountered problems to engage students and help them to grasp this concept.
“Describing the motion and distance of particles in solid, liquid and gas is challenging. Particles are not visible to the unaided eye. Therefore, we as the teachers find it difficult to find strategies that can be used to facilitate students' understanding of microscopic particles. The teacher's handbook does not provide the rigid method to deliver this abstract concept,” (Rs)
 
However, two teachers (Is and Nr) said that the concept of particles must be mastered by middle school students. Thus, teachers should try their best to help students grasping this concept.
“Although this abstract concept is difficult for students to understand, we as teachers shouldhelp students overcoming this problem.Science teachers should not use memorization technique only in teaching particle concept. Therefore, it is a challenge for us to find effective and efficient learning strategies through various literatures, which are available in the internet,” (Is and Nr).
Interviewer: why do you use real objects for teaching“the nature of matter”?
Fourteen respondents said that they designed and managed science learning processes whichemphasized on the scientific approach (by providing learning facilities so that students could develop their knowledge) as instructed by the 2013 curriculum. Solids, liquids and gases are facts that arecommonly encountered in everyday life, so they ask thestudents to investigate the properties of some of these real objects, then classify them into solid, liquid or gas, as shown in the teachers’ handbookand students’handbooksfor seventh grade middle school students (Wahono, Rahmadiyati, & Hidayati, (2016a & b). 

“Based on the teacher’s handbook, students are expected to be able to classify matter’s characteristics by presenting a list of objects in everyday life. Therefore, we asked students to collect various objects consisted of solid, liquid and gas objects. Students then observedeach object’s properties that can be observed by the naked eye and classified them into solids, liquids or gases,”De and Ot.

However, two teachers (Is and Nr) added:
“In addition to classifying various objects into liquid, solid, and gas, students are expected to observe matter’s characteristics based on particle composition. Therefore, we used a bottle of perfume to demonstrate particle composition in gas. This demonstration helps students to grasp the concept that particles in gas are much more spread out than in solids or liquids. In this case, students used their five senses to identify states of matter,”Is and Nr.

Interviewer: Can the use of real objects facilitate the investigation of the distance and motion of particles in solids, liquids, and gases?Please, provide the details of the learning strategies you used.
Fourteen teachers (moderate and poor teachers) said that these real objects cannot be used to describe the distance and motion of particles in solids, liquids and gases.They can be used only to classify existing objects into solids, liquids, or gases based on properties which can be observed. Because particles are not visible to the unaided eyes and difficult to visualize, then to understand that the distance and motion of particles in solids, liquids, and gases theyask students to read the related informationin chapter 3 inthe students’ handbook about the characteristics of the material. After they read the textbook, then the teachers instructed them to describe the distance and motion of particles in solids, liquids, and gases.

“Students only used real objects to help them identify states of matter by their observable properties only. Regarding the motion and distance of particles in each state of matter, they were asked to read the related information on their textbooks. We (teachers) considered that if students read the explanation repeatedly, they will eventually grasp the concept. Some students were then asked to draw illustration of particles’ motion and distance in solids, liquids, and gases on the whiteboard and tried to explain them,” Lt and Hr.

It is worth noting that two teachers (Is and Nr) had opinions that differed from the fourteen teachers. They said that to understand the distance and motion of particles in liquids, gases, and solids, instructing students to read textbooks is not enough. They talked that real objects can also be used to describe the distance and motion of particles in solids, liquids and gases.

“When the teacher sprayed perfume in the corner of the classroom, students can smelled it on the other side of the room. This shows that the gas particles easily move and are spread out. However, when we throw a solid object (such as an eraser), it will fall to the floor with the same conditions as before, this indicates that the particles in the solid are tightly packed with certain pattern (fixed shape). Likewise, by pouring water into various containers, we can observe that water changes shape to fit its container. This suggest that particles in a liquid are close although there is no fixed arrangement. Role playing can engage students in learning this concept. Furthermore, some computer animation videos found on Youtube can be used to help students learn this concept,” Is and Nr.


Both teachers (Is and Nr) used role playing to describe particles in the material, by displaying 3 groups of students, each of which consists of 6 people who acted as particles in solids, liquids, and gases. Each student represented a single particle of a substance. In the solid group, the students stood closely and hold hands so there was no gap between them. While students in the liquid group stood slightly apart while still holding hand (there was a gap among particles). Further, students in the gas group stood far apartwithout holding hands. Then the three groups were told to move about. From the role playing demonstration, students werethen asked to answer questions related to the characteristics of the particles in solid, liquid, and gas. These questions include: when you were a solid, a liquid, or a gas how close were you to the other particles (particle distance)? How did you move? To strengthen the understanding of the students, both Is and Nr used computer animation to visualize particles in solids, liquids, and gases.

Disscussion
The results of this study suggest that the prospective  middle school teachers’ PCK for teaching "The Nature of Matter" is relatively low, because only 12.5% ​​of prospective teachers have high PCK. This result is not surprising considering that the participants are novice teachers (Baxter & Lederman, 1999; National Research Council, 1996 and Van Driel et al., 2002) and PCK is directly related to the practice of teaching and learning which is a complex task (Grossman, 2011). Exploring the PCK development for prospective teachers who participate in a year training program is quite interesting. The quality of Indonesian teachers is of great interest (De Ree, et al., 2017) 
Teaching and learning is a complex task; thus, it is very important for prospective teachers to be able to distinguish between the different components included in teaching practice. The ability to identify each component in the teaching practice receive wide attention from educational researchers, especially in the context of science education to assess and improve the PCK of prospective science teachers (Park, Jang, Chen, & Jung, 2011; Park & ​​Oliver, 2008). This research area is full of challenges due to their difficulties in conceptualizing PCK (Aydeniz & Kirbulut, 2014).
Westartedthis studyby developing instruments to measure teachers’ PCK on specific topics. The instrument (PCKassessment rubric for teaching a specific topic called "The Nature of Matter") has been proved reliable and valid after being analyzed with many facet rasch models (MFRM). Thus, it can be used to assess teachers’ PCK in different sample groups. In addition, prospective teachers and in-service teachers should pay attention to important elements for effective teaching (Grossman, 2011; Bryan & Abell, 1999).
We only explored the prospective middle school science teachers’s PCK in teaching a specific topic. However,this PCK had implications for other science topics as well. Analysis with MFRM clearly illustrates the teacher’s ability in the five PCK components, i.e.learners’prior knowledge, curricular saliency, what makes a topic easy or difﬁcult to understand, representations and conceptual teaching strategies (Geddis, 1993). The results indicate that the majority of teachers demonstrateslow ability in terms of "representation & conceptual teaching strategies", while the prospective teachers have mediocre understanding of curriculum saliency and learners’ prior knowledge. These findings suggest that teachers’ understanding of curriculum saliency and learners’ prior knowledge influence the understanding of representations and conceptual teaching strategies. This is in line with Sen, Oztekin & Demirdogen (2018) that content knowledge supports knowledge of learning strategies and even students' understanding of science.
These results provide benefits for both prospective science teachers and teacher educators. The prospective teachers gain insight that teaching is not simple, but there is knowledge and understanding that must be possessed. Deeper content knowledge will guide them in establishing the right learning sequence and perspective for middle school students on the topic of the nature of matter. In addition, the teachers will be inspired to teach the scienceconcepts appropriately and effectively (Grossman, 2011) for middle school students. The nature of matter is very useful as a basis for learning other scientific concepts (Haidar, 1997; Snir, Smith, & Raz, 2003; Tsai, 1999). In the end, the teachers reflect on whether the learning strategies that have been implemented are effective to help students gain the right concepts of science.When both  prospective science teachers and teacher educatorsare aware that PCK is related to how teachers teach particular science concepts to help students understand it comprehensively, the teacher educatorsare drivento reform teacher training and education by paying great attention to each topic. Each topic has its own characteristics, so teacher training will not be effective if it is carried out en masse, both in terms of the number of training participants and in the content (Nealsen, 2003).
In regards to the relatively low prospective science teachers’PCK, the researchers are interested in analyzing the implementation of the PPGcurriculum and the workshop model that has taken place. According to the research team, PPG curriculum content is very broad and burdensome. Because within a very short semester, they are asked to plan effective learning processes for 6 semesters at a time (33 chapters and 88 sub-chapters, each of which consists of several specific topics). Van Driel & Berry (2012) has emphasized the use of PCK as a focus in teacher professional development;the content should focus on specific topics (Gess-Newsome, 2015) not in the field of study. Therefore, the researchers argue that the PPG curriculum, especially in the workshop curriculum is too broad and unrealistic. In fact all SSP from the workshop were not implemented in the teaching practice at school because the teaching practice was only in odd semester. Thus, we consider this workshop model to be unrealistic for developing professional teachers, because teaching is a complex work (Grossman, 2011).
In the workshop, each group of prospective teachers were given only a chapter to develop. The prospective teachers from the other groups would conveniently copy the SSP developed by other groups. This is proven by similar lesson plans from all the workshop participants. Teachers were not given the opportunity to be creative in designing and implementing learning plans in accordance with the topic characteristics and knowledge of students. In fact, there were only two teachers who were considered able to facilitate students to understand the distance and motion of particles in solids, liquids and gases(they use role playing and computer animation learning media).
Regarding the government's efforts to improve the quality of teachers, it seems that the government has tried to limit the number of participants of the PPG (less than 20 people) for each study program. However, the small number of participants is not balanced with the more proportional curriculum content. This shows that teacher training programs in Indonesia are still quantity-oriented, not quality oriented (Nealson, 2003). This has an impact on the low competence of teachers proven in teachers’ competencetest (Rahman, et al., 2015; de Ree, et al., 2018)
This study is limited to only explore the middle school science teachers’ PCK on a specific topic “the nature of matter”. PCK-based teacher professionalism should be directed at teaching certain topics (Gess-Mewsome, 2015). Thus, this research is expected to motivate PCK research on various topics of teaching at various levels of school and other disciplines. Given the relatively low quality of Indonesian education, using PCK to improve the quality of teaching in the context of teacher professional development is important (Loughran, Berry, Muhal, 2004; Van Driel & Berry, 2012). This study suggests that the block model curriculum in the PPG program and the workshop model should be evaluated.
However, in exploring the factors that influence the development of teacher professionalism, analyzing the curriculum and learning model is not enough. There are personal factors that determine teacher’s quality. Based on in-depth interviews with all respondents, it appears that the majority of teachers (87.5%) prefer to follow the learning manual (teachers’ handbook). This is in line with Bjork's (2005) finding that teachers in Indonesia are reluctant to improve authority and independence (teaching creativity). This is possibly due their limited competences in terms of content knowledge and pedagogical knowledge.This assumption needs to be proven by further research, although some studies have shown that teacher competence in Indonesia is indeed low (De Ree et. Al., 2017). Fortunately, there are few teachers (12.5%) who exercise their authority in teaching process based on scientific concept.

CONCLUSION
The MFRM analysis provides clear information on prospective science teachers’ PCK and the item quality. The majority of respondents need to improve their PCK specifically in terms of representation and conceptual teaching strategy as well as curricular saliency and learner prior knowledge. The qualitative analysis on the factors influencing teachers’ PCK reveals that the curriculum content of teacher professional development program is too broad and the workshop model is too burdensome.This study also suggests that the block model curriculum and the workshop model in the teacher professional development and teacher certification programs should be evaluated. Furthermore, teachers’ competences and authority also affect their professionalism.
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