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The changes concerning the final state examination, determined by the novelty of Slovak university law, stimulated us to make serious changes in the examination model of Didactics of Mathematics at our university. Moreover, we have observed significant gaps in pedagogical content knowledge (PCK) of our secondary pre-service teachers during the last years. These two stimuli led us to an improvement of the course of Didactics of Mathematics. In this paper, we present our new approach which was mainly focused on the assessment of the lesson plans presented by the pre-service teachers. The assessment was based on the rubrics which were developed through the course. After the application of the new approach, we have observed growth in PCK. We have partially confirmed reliability of the rubrics as well.

Introduction

Before we introduce our new approach to secondary pre-service mathematics teacher PCK development, we bring a short description of the system of pre-service teachers' preparation at our university. First, all the secondary pre-service teachers (PSTs) study two disciplines in various combinations, including combinations of natural and humanistic disciplines. Second, pedagogical, psychological and didactics studies are reduced to the minimum for the bachelor level. Therefore, we speak about the joint degree study of the particular two subjects (e.g. mathematics and physics) at the bachelor level. Most of the pedagogy is concentrated at the master level of university studies, where we talk about the teacher preparation program. Third, complex state exam from both disciplines and their didactics, Pedagogy and Psychology and the thesis defense are required for successful finish of the study. The aim of our university was to make state exams more efficient and foster mutual relationships of all parts of state exams. Moreover, we had found out serious gaps in the PCK of our PSTs, so the bigger pressure for its growth was necessary. Implementation of the PCK assessment into the state examination seemed to be a way, because "what you test is what you get," is the broadly accepted quote (attributed to Lauren Resnick). As we realized, when the assessment is changed, the instructions should be changed as well. Therefore, we have prepared a new model of state exams and apply inevitable changes at the classes of Didactics of Mathematics. To be sure that the new approach has the positive impact on the PSTs' learning, we posed following research questions: (1) Are the rubrics reliable tool to assess PSTs? (2) Was the pre-service teachers' PCK developed effectively? Which of its components were developed?

The novelty of the approach can be understood geographically -there are no serious studies on PCK development in Slovakia or even in neighbor countries [START_REF] Depaepe | Pedagogical content knowledge: A systematic review of the way in which the concept has pervaded mathematics educational research[END_REF]. Moreover, we have not found any study which would consider utilization of generalnot thematically specificrubrics for Thematic Working Group 18 development of PCK of secondary PSTs. The new approach is described and discussed below; however, some theoretical underpinnings are necessary to be stated first.

Theoretical background

Knowledge areas, in which should a good teacher of mathematics systematically grow and achieve a certain standard, are named for several decades. [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] explained pedagogical content knowledge (PCK) which is beyond subject matter knowledge and "includes an understanding of what makes the learning of specific topics easy or difficult. Teachers need knowledge of the strategies most likely to be fruitful in reorganizing the understanding of learners, because those learners are unlikely to appear before them as blank slates" (p. 9).

Furthermore, [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] emphasized the importance of curricular knowledge, familiarity with the instructional materials and tools available for teaching distinct concepts at different levels. PCK in the domain of mathematics comprises mathematical knowledge a different kind to that used in everyday life and in other professions which need mathematics [START_REF] Ball | Interweaving content and pedagogy in teaching and learning to teach: Knowing and using mathematics[END_REF]. [START_REF] Hill | Unpacking pedagogical content knowledge: conceptualizing and measuring teachers' topic-specific knowledge of students[END_REF] built on [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] definitions of different types of knowledge and proposed the model with three types of content knowledge and three types of PCK:

Subject matter (content) knowledge (1) Common Content Knowledge (CCK)knowledge which is used in the classroom in ways common with how it is used in other professions that also use mathematics.

(2) Specialized Content Knowledge (SCK)knowledge how to accurately represent mathematical ideas, provide mathematical explanations for common rules, procedures, understand unusual methods of solution.

(3) Knowledge at the mathematical horizonawareness of the large mathematical landscape in which the present experience and instruction is situated [START_REF] Zazkis | Reconceptualizing knowledge at the mathematical horizon[END_REF]. In our approach we suggest an authentic assessment in order to make bigger pressure for the growth of each component of PCK and to move forward PST beliefs about mathematics. There are four features of authentic assessment (Darling-Hammond, Ancess & Falk, 1995): (1) "they are designed to be truly representative of performance in the field" (p. 11); (2) "the criteria used in the assessment seek to evaluate "essentials" of performance against well-articulated performance standards." (p.12);

Pedagogical content knowledge

(3) "self-assessment plays an important role in authentic tasks" (p.12), (4) "the students are often expected to present their work publicly and orally." (p.12).
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The course design

Ten PSTs attended mandatory class in Didactics of Mathematics led by the second author and assisted by the first author. Total time of every week meeting was two hours and 15 minutes, the course lasted for 10 weeks, 5 of them were designed as follows:

(1) All PSTs picked randomly one of the topics which were prescribed by the second author. They were asked to create a lesson plan due to a particular date. The lesson plan had to be focused on the mastering a new curriculum. The template they were asked to fill as the front page of the preparation contained following items: topic, grade, goals, necessary entry knowledge, didactics problem and misconceptions, tools, methods and forms. Only the front page was fixed, the rest of the preparation was in the hands of the PSTs.

(2) The PST who was up to present his/her preparation the next week, sent his/her lesson plan in one week advance to the whole group. Everybody was expected to raise some questions.

(3) The PST had 30 minutes for the presentation of the lesson plan. Next 20 minutes were reserved for discussion. The PST explained the main line of the new curriculum mastering, underlined the important connections between the information from the front page and the tasks and subsequently, in the discussion, clarified inconsistencies pointed out by the teachers or the PSTs. (4) Everybody who was actually present at the class was asked to assess the presentation and provide the feedback and score for the PST who presented the preparation. To minimize subjectivism of the assessment, following rubrics (Table 1) were created and used for the scoring. The PSTs were instructed how to use it, examples for the particular levels were supplied.

Rubrics for lesson plan assessment

The base for the initial rubric version was the observations which were conducted by the second author in the previous academic year. The PSTs were asked to fulfil the similar assignment. Nevertheless, the scoring was not conceptualized; everybody was expected to assess presenting PST an appropriate number of points. Such assessment did not produce pressure for specific part of PCK growth. That was the reason why we, for the next academic year, developed five rubrics that we believe to enhance PCK of PSTs during the preparation of the lesson.

(1) Rubric Learning Objectives is defined as the ability to formulate and clarify essential objectives of the unit and to link them with the rest of the preparation. In the rubric Correctness, the term learning trajectory is not conceptualized, it is used in simplified meaning concerning the important entry knowledge before the new one is going to be taught and learnt.

The presented lesson plans were not the first ones created by the PST. They had prepared and taught 18 lessons during their practice teaching before the course started. Additionally, they developed 15 lessons plans for the state examination, which was scheduled 5 months after the course finished. Some of PSTs worked on these lesson plans in groups. All these lessons plans were taken in account to track the PCK development.

Each of the rubrics also provides three general development levels: Beginning, Developing, and Advancing (see table 1). In order to explain more precisely authors' approach to assessment, we present two examples for the rubric Motivation from level 0 and level 1.

Level 0 -Example for "the stated motivation is very formal (neither students' activity nor questions cannot be expected)": Lesson plan for the Topic: How to multiply decimal by decimal numbers PST: For the motivation, I chose the following task: A farmer stored fuel for the tractor in canisters of 0.5 hl. He has a) 10, b) 5, c) 2, d) 1, e) 0.5 canisters full of fuel. How much fuel does he have for the tractor (write result in hl)?

T (teacherthe author): Explain the reasons why you consider this task as motivating one.

PST: I think, in fact, this is not very motivating task. Maybe students could solve the last case of the task and found out how to multiply decimal by decimal number.

Level 1 -Example for "there are no tight relations between the motivation and the objectives": Lesson plan for the Topic: Definition of the concept Limit of a sequence PST: Motivation task: In the hotel we have an infinite number of single rooms. Rooms are sequentially numbered by natural numbers. The hotel is fully booked. To the hotel, however, added three other tourists who would like to stay. Is it possible to accommodate them?

T: What is the connection between this task and the definition of the concept Limit of a sequence?

PST: The task is about infinity and when we count limit of a sequence we work with infinity.

Preliminary results and discussion

We try to answer the research questions mentioned in the Introduction.

(1) The concept of inter-rater reliability was used to find the answer to the first research question. The Table 2 depicts numbers of consistent and inconsistent decisions for each particular rubric.

Only the authors' assessment was taken in account because the PSTs' assessment was obviously loaded by the social norms and the relationships within the group. Some inconsistencies between the authors were caused by the usage of the rule, that for one deficiency only one point should be get off and the authors included the same mistake in the different rubrics. As we can see, the rubrics worked well and after precise preparation of their user, they can be considered as reliable tool. The certain vagueness of the developing levels formulations does not seem to be a problem when comes to its identification within the actual presentation.
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The rubric At the beginning of the course, PSTs did not formulate any learning objectives or formally mention some objectives of prepared lesson but were not able to explain how to achieve it. Also, some of PSTs did not meet the learning objectives they have formulated.

Match

Example from the lesson plan for the topic: The Binomial Theorem PST: The student is able to formulate the binomial theorem and to write the binomial theorem by using the summation operator.

T: Formulate the binomial theorem and write it by using the summation operator.

PST: (Started to write on the blackboard, but did not remember correct formulation, then started to look for the correct formulation in the hard copy of the lesson plan.)

T: The student should be able to formulate the theorem and the teacher is not?

At the end of the course, PSTs started to formulate learning objectives in connection with chosen tasks and their solutions and they also explain more precisely what they expect.

Learning goals for the topic: Increasing and decreasing function

The student is able to identify whether the function is increasing or decreasing from the graph, from the table. The student is able to draw graph of increasing and decreasing function. The student is able to define increasing and decreasing function. The student is able to prove from the formula whether the function is increasing, decreasing or neither one nor the other.

Additionally, in the prepared lesson plan we can found tasks as means to meet the formulated objectives.

(2b) Development of PCK within the group of PSTs -Didactic Means

In the first stage, PSTs chose the tasks superficially, e.g. the PST prepared lesson plan for the Topic: Law of sines and he explain the task selection as follows:
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PST: (Presents some task where students have to calculate side or angle of triangle using law of sines.)

T: Explain us, why did you choose exactly these tasks.

PST: I found them in the textbook.

T: Did you solve them?

PST: Only the last one because it looked hard.

T: Do you think these tasks will help your students to understand deeply methods of solution using Law of sines?

PST: Maybe some types of tasks are missing. (He started to draw on the blackboard.)

At the last stage the PST who prepared for the topic Definition of the concept Limit of a sequence explained precisely the reasons for each selected task.

T: Why did you solve the absolute-value inequality:|x -4| ≤ 2" at the beginning of the lesson?

PST: I chose this task because I wanted to recall the geometric properties of absolute-value which students meet in the definition of the limit.

T: You suggest dividing students into 6 groups and each group will work with different sequence. Explain your reason.

PST: Two groups will get increasing sequence, two groups decreasing and two groups oscillating sequence. I chose these sequences in order to prevent the following misconception: Only decreasing sequence has limit. Oscillating sequence cannot have a limit.

During the presentation of the lesson plans on the state exams the most of students showed that they are better able to intertwine all the items from the front page of the lesson plan with the tasks and their solutions, activities, mathematical explanations. Students were also able to explain better their reasons for selecting the particular tasks and activities for the lesson.

(2c) Development of PCK within the group of PSTs -Didactics Problem Firstly, most of PSTs did not see any didactic problem and misconception with the most of the topics, some PSTs wrote the most common misconceptions, such as problem with negative sign during working with algebraic expression, or they formulated didactic problem very generally such as students have problems while working with fractions. Later, when PSTs were trying to identify didactics problems and misconceptions, they started to utilize experience from their life (this task/concept/method was a problem for my sibling, friend, me) and also from their teaching practice. Although the task is incorrect it shows PST's effort not only to formulate the misconception but also to look for the way how to prevent it.
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Our experience indicates that the authentic assessment focused on PSTs' lesson plans and objectivized by five rubrics, tied with the content knowledge and three types of PCK, can help PSTs to develop their PCK. Presented examples demonstrate development of KCS (identification of didactic problems and misconceptions), KCT (precise selection of tasks) and KC (formulation of learning objectives).

  At the beginning, PSTs filled the front page formally (see The course design). Most of the PSTs had no idea about how the front page tailors to remaining part of lesson plan. As the course continued, we could see how PSTs were moving forward in the development of their PCK. We explain it using examples from 3 rubrics (Learning objectives, Didactic Means, Didactics Problem). (2a) Development of PCK within the group of PSTs -Learning objectives

  The next example illustrates formulation of the misconception based on PST experience. PST: Students think that the following scalar products (1,1) • (3,2) & (2,2) • (3,2) are equal. To prevent this misconception I formulated the following task: Find out if following scalar products have the same value: A. 𝑢 ⃗ = (1,1); 𝑣 = (3,2); 𝜑 = 60° B. 𝑢 ⃗ = (2,2); 𝑣 = (3,2); 𝜑 = 60°

(1) Knowledge of Content and Students (KCS) -

  

	knowledge how students in general learn
	a concept, what mistakes and misconceptions are common, it involves understanding of students'
	thinking and what

makes the learning of particular concepts easy or difficult. (2) Knowledge of Content and Teaching (KCT) -knowledge about how to develop

  

	students' thinking and how to
	deal with student errors effectively, ''knowledge of teaching moves'' (p. 378).

(3) Knowledge of Curriculum (KC) -knowledge about the content of curriculum and knowledge how to utilize

  the content of curriculum to present.

Table 1 : Rubrics for PCK assessment

 1 includes chosen didactic method, tasks and materials. Using this rubric we assess PST knowledge about how to build on students' thinking and how to address students' errors effectively. The aim is to identify the level of KCT. (5) Last Rubric we called Didactic Problems and it contains assessment of the level of PST knowledge of how students think about the topic, how students typically learn a concept from the topic, what mistakes and misconceptions are common. Rubric is designed to determine the level of KCS.
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Learning objectives result from curriculum. The rubric is connected with KC. We assess whether PST applies this curriculum content to appropriate learning activities for students. (2) Rubric Motivation shows PSTs' potential to present mathematical ideas in an attractive way, to provide reasons and mathematical explanations for the topic. It is linked with SCK. (3) Third rubric -Correctness -pertains to mathematical correctness of the lesson plan. It is associated with CCK and SCK. (4) Rubric Didactic Means (Tools)
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