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Abstract. This study aims to produce a learning tool of flat side geometry with Problem Based Learning model which oriented problem-solving abilities and to describe the quality of learning media in terms of validity, practicality, and effectiveness. The developed learning media that were developed consisted of the lesson plans and students’ worksheets. The subjects of this study were 31 students of grade VIII C SMP Negeri 1 Purworejo. Research instruments whose validity measured are lesson plans and students’ worksheets. As for the practical assessment measured using a questionnaire response of students and teachers. Assessment of effectiveness measured using the results of tests of problem-solving abilities. Based on the results of the validity assessment, the criteria of the developed lesson plans and students’ worksheets was 'very good'. The developed learning media met the practical with the criteria of 'very good' from the teacher's questionnaire response and students' questionnaire responses. The developed learning media met, the effective criteria based on the results of the test of problem-solving ability. The percentage of students' mastery learning reached 87.10% with an average score of 84.13, which is 'very good'.

1. Introduction
Education has a very big role to deliver a nation to be a nation that is adaptive to change, selective to influence, and actual with a variety of potential possessed. Mathematics can be defined as a science that can be viewed from various angles so that mathematics can enter all aspects of human life, starting from the simplest to the most complex [1]. Thus, mathematics is important to give to students because mathematics can develop the ability to think logically, critically, creatively, systematically, and analytically.
The ability of students in learning mathematics is honed through the problems given so that students can improve their various competencies. The ability to solve problems is the main goal of the education process [2]. Problem-solving is one of the basic mathematical abilities that must be mastered by students. This is also mentioned in the National Council of Teachers of Mathematics (NCTM) which says that in the implementation of mathematics learning, teachers must pay attention to five mathematical abilities namely Connection, Reasoning, Problem-solving, and Representation [3].
The low problem-solving ability can be attended from the PISA (Program for International Student Assessment) score. Indonesia is ranked 72 out of 77 member countries of The Organization for Economic Co-operation and Development [4]. The acquisition of Indonesian mathematics literacy scores in PISA in 2003 to 2018 is still below the international average. Besides the results of the TIMSS study (Trends in International Mathematics and Science Study) which was followed by
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countries around the world, in 2015 TIMSS Indonesia was ranked 45th out of 50 countries with an average score of 397 from the median set by TIMSS 500 [5].
Innovative learning needed to support the improvement of problem-solving abilities. Problem Based Learning which designed to help students develop their thinking skills, problem-solving skills, and intellectual skills; learn the roles of adults by experiencing them through various real or simulated situations, and become independent and autonomous learners [6]. Applying PBL it hoped that learning that occurs will be more meaningful, can overcome the difficulties of learning mathematics, and students can solve problem-solving related to students' daily lives and be able to develop creativity, critical thinking, and learner logic [7].
Based on the results of interviews conducted by researchers on mathematics teachers at SMP Negeri 1 Purworejo stated that one of the problems in learning mathematics is the ability to solve problems. That is because there are still teacher-centered. Looking at the various problems that exist, it needs to make the learning device with a model Problem-Based Learnings that are not teacher-centered, and develop problem-solving skills, and improve the ability of learning outcomes on the achievement of competencies that must achieve by learners in the learning of geometrical side flat. Anyway that researchers interested in developing a learning tool to build flat side space in SMP Negeri 1 Purworejo with the Problem Based Learning model. It’s expected that this PBL based flat side building learning tool can make mathematics learning more varied so that students are not fed up with monotonous learning models.

2. Research Methods

2.1. Types of Research
This research included in this type of Research and Development (R & D). The product of this research is a learning device to build flat side spaces with Problem Based Learning models oriented to problem-solving abilities. Learning tools developed in the form of lesson plans and students’ worksheets are adjusted to the 2013 curriculum.

2.2. Time and Place of Research
This research was conducted in March-May 2020 at SMP Negeri 1 Purworejo, Central Java.

2.3. Research Subjects
The product trial subjects of worksheet users were students in VIII C of SMP Negeri 1 Purworejo course 2019/2020.

2.4. Instruments and Data Analysis Technique
The instrument used in this study aims to measure the criteria for products that are developed based on aspects of validity, practicality, and effectiveness. The instrument used to measure validity is the lesson plans and students’ worksheets assessment sheet. The lesson plans assessment sheet is conducted by expert lecturers and mathematics teachers.
Validity analysis of learning tools includes analysis of lesson plans  and students’ worksheets assessment sheet data by material experts, and mathematics teachers which are carried out by the steps of (1) tabulating data, (2) calculation of average scores, (3) converting average scores for each score aspects to the five-scale standard value according to [8]. Learning devices are said to be valid if they meet the minimum good criteria. The validity category of learning tools is calculated based on the formula in table 1, where = (maximum score+minimum score)/2, and = (maximum score-minimum score)/6. In this study, the ideal maximum score is 5 and the ideal minimum score is 1. The classification of the validity of the lesson plans  is presented in Table 1 below.
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Table1. Classification for Validity Assessments

	Interval of Mean
	Interval of Mean
	Category

	
	
	Very good

	
	
	Good

	
	
	Enough

	
	
	Poor

	
	
	Very poor


Practicality analysis of the developed learning tools uses data obtained from the assessment of students' questionnaire responses, teacher's questionnaire responses, and observation sheets of the implementation of learning. Questionnaire responses of teachers and learners were analyzed using steps for the same instrument analysis assessment lesson plans  and students’ worksheets validity. Learning tools are said to be practical if they meet the minimum criteria well. The practicality classification of learning tools based on the teacher's response questionnaire and student response questionnaire is presented in table 2 below. 
Table2. Classification for Questionnaire Assessment Responses

	Interval of Mean
	Interval of Mean
	Category

	
	
	Very good

	
	
	Good

	
	
	Enough

	
	
	Poor

	
	
	Very poor


While the learning performance observation sheet is analysed by steps (1) calculating the percentage of learning achievement for each meeting, (2) calculating the percentage of learning performance, and (3) converting the percentage, and (4) drawing conclusions by referring to the criteria described by [9]. Learning tools are said to be practical if they meet the least criteria well. The following table is a practical criteria for learning tools.
Table3. Criteria for Practicality of Learning Tools

	Percentage of Workability
	Category

	
	Very good

	
	Good

	
	Enough

	
	Poor






Analysis of the effectiveness of the learning device is analyzed from the test results of learning the problem-solving ability. Learning tools are said to be effective if the percentage of many students who reach minimum completeness criteria is more than 60%. Analysis of the test results is carried out by the steps of (1) determining the test results, (2) categorizing students who are complete, (3) calculating the percentage of completeness with the following formula.

With  is the percentage of students who are complete,  is the number of students who are complete, and  is the total number of all students. Then the next step is to categorize the percentage of students completeness based on the academic skills assessment criteria according to Widyoko which are presented in the following Table 4 [8]. The learning tool developed is said to be effective if the least percentage of students completeness is good.
Table4. Academic Skill Assessment Criteria

	Completion Percentage
	Category

	
	Very good

	
	Good

	
	Enough

	
	Poor

	
	Very Poor



3. Research Results and Discussion
The product developed in this research is in the form of a lesson plans and students’ worksheets to build flat side space with a problem-based learning model oriented on problem-solving ability. The development model used in this study is the ADDIE model: Analysis, Design, Development, Implementation, and Evaluation.

3.1. Analysis
In this analysis stage, the researchers conducted a needs analysis, student analysis, material analysis, and curriculum analysis. The needs analysis stage is based on observations of the teaching and learning process. Mathematics learning performed quite well and see that learners enough enthusiasm in learning activities. Research also conducted interviews with the math teacher, the teacher stated that one of the problems in mathematics is the problem-solving ability.  That is because there are still teacher-centered, where students still rely on teachers in learning. Mathematics learning tools already exist, but still do not provide sufficient space to encourage students to actively participate in building and developing problem-solving skills. Besides students’ worksheets which is used mostly only contains a collection of questions and material that is presented briefly, not in the form of activities for students to solve problems independently. Material that needs special attention in solving problems is on the topic of geometry, especially building flat side spaces.
Based on the analysis and curriculum materials, the curriculum used in SMP Negeri 1 Purworejo is Curriculum 2013. Curriculum Materials wake flat side space-based curriculum 2013 revised edition 2017, contained in the second semester of eighth grade by Core Competencies and the Basic Competency contained in Permendikbud [10].



The allocation of time per week for learning mathematics in junior high is 5 hours of study. This time allocation is distributed into two meetings, namely for 3 hours of study and 2 hours of study. Each class time is equal to 40 minutes. There is also a minimum completeness criteria for Mathematics VIII at SMP Negeri 1 Purworejo, which is 77.
Based on the results of the analysis of the characteristics of these students, they stated that sometimes it is still difficult to solve problems about solving problems, especially on the topic of geometry. Also, they usually only memorize formulas so they don't understand the concept. So, the existence of a learning device to build a flat side space with a problem-based learning model oriented to problem-solving abilities will greatly assist students in improving problem-solving skills.

3.2. Design
This design stage, the researcher prepares a Problem Based lesson plans, students’ worksheetsto build a flat side space of the PBL model, and a problem-solving ability test instrument to measure the effectiveness of the learning tools to be used. The following is an explanation of the stages of the preparation of learning tools that have been carried out as follows.

3.2.1 Preparation of Lesson Plans. In the preparation of the lesson plans  consider the following aspects 1) Selecting Core Competencies and Basic Competencies to be developed, 2) Developing Competency Achievement Indicators which will be achieved based on Core Competencies and Basic Competencies which are in Permendikbud [10], 3) Gathering various learning materials and resources, 4) Designing PBL -based learning activities, and 5) Determining assessment techniques. Whereas the format for the preparation of lesson plans s is based on Permendikbud [11] about Process Standards for Primary and Secondary Education Units which contain the components of the lesson plans .

3.2.2 Students’ Worksheets. Before preparing the students’ worksheets, researchers prepare a reference book that can be used to support the preparation of students’ worksheets which is then used to make a map of students’ worksheets needs according to the needs in the field. The design of students’ worksheets is adjusted to the learning activities of the PBL model, to improve problem-solving skills. In the early part of students’ worksheets, a real problem is presented in daily life, then the students are directed to complete a short entry that guides students in the concept and problem-solving. The question exercises in students’ worksheets are also adjusted to the aim of improving students' problem-solving abilities. The researcher then made an answer key along with the score from the students’ worksheets that had been made.

3.2.3 Problem-Solving Ability Test Instruments. Problem-solving ability test instruments are based on basic competency indicators that will be achieved. Before making test instruments, researchers first make a grid of test questions about problem-solving abilities. The 5 problem-solving ability test questions are numbered, all of which are essay questions. Then the writer makes the answer key and assessment guide based on the problem-solving ability test that has been made. The scoring guideline is given by the steps in solving the problem given.

3.3. Development
At this stage of development, the lesson plans are developed according to what was planned in the previous stages by taking into account the aspects and rules of the format of the lesson plans  preparation as appropriate. The lesson plans are prepared for the even semester flat class building material with a problem-based learning model and are designed for learning 6 times face to face meeting with 5 times learning material and 1-time problem-solving ability test.



The same as students’ worksheets also arranged according to the lesson plans  for each meeting. students’ worksheets developed by 6 students’ worksheets with students’ worksheet 1 is Flat Side Space Building Elements, students’ worksheet 2 is Surface Area of ​​Cubes and Beams, students’ worksheet 3 is Surface Area of ​​Prisms and Limas, students’ worksheet 4 is Volume of Cubes and Beams, students’ worksheet 5 is Volume of Prisms and Beams Limas, and students’ worksheet 6 is Building Combined Flat Side Space.
After the development product is finished, the researcher consults the supervisor about the instruments that have been prepared to obtain suggestions and improvements. After obtaining suggestions and improvements, then the instruments are given to the validator to find out the validity and feasibility to be tested in the field.
Based on the results of the validator's assessment of the learning tool in the form of lesson plans can be said to be valid and workable to use if the score obtained is more than 3,4 or in either category. From the results of the analysis of the validity of the lesson plans  data from 2 validators, an average score of 4,46 was obtained. The score can be interpreted more than 3,4 so that it can be concluded that the validity of the lesson plans  is in very good classification. The following is the acquisition of an average score for each aspect of the lesson plans  assessment developed.
Table5. Lesson Plans  Assessment of Data Analysis Results

	No
	Aspect
	Max Score
	Average Score
	Category

	 1
	Lesson Plans  Identity
	5.00
	5.00
	Very good

	 2
	Learning Objectives
	5.00
	4.50
	Very good

	 3
	Conformity Indicator
	5.00
	4.50
	Very good

	 4
	Learning Materials
	5.00
	4.17
	Very good

	 5
	Learning Resources
	5.00
	4.50
	Very good

	 6
	Learning Activities
	5.00
	4.50
	Very good

	 7
	   Assessment of Learning Outcomes
	5.00
	4.50
	Very good

	 8
	Language Aspects
	5.00
	4.00
	Very good

	Total
	4.46
	Very good



The results of the validator's assessment of the development of learning tools in the form of students’ worksheets can be said to be valid and workable to use if they are in good criteria or if the average score is more than 3.4. From the results of the analysis of the validity of students’ worksheets data from 2 validators, the average score was 4.37. The score can be concluded that the validity of students’ worksheets is in very good classification. The following is the acquisition of the average score for each aspect of the students’ worksheets assessment developed.

3.4. Implementation
In this implementation stage, researchers conducted product trials conducted on 31 students of class VIII C, SMP Negeri 1 Purworejo. It was not possible to carry on a face-to-face study because of the COVID-19, which led to the government's taking the school to a halt. Consequently, learning is done online (in the network) at home. Learning is carried out using Whatsapp Group (WAG) which is carried out from 9 April 2020 to 23 April 2020. 




Table6. Results of STUDENTS’ WORKSHEETS Assessment Data Analysis

	No
	Aspect
	Max Score
	Average Score
	Category

	 1
	Conformity of Content and Material
	5.00
	4.25
	Very good

	 2
	Compliance with Didactic Requirements
	5.00
	4.29
	Very good

	 3
	Compliance with Construction Requirements
	5.00
	4.38
	Very good

	 4
	Compliance with Technical Requirements
	5.00
	4.58
	Very good

	Total
	4.37
	Very good



Equally for the validation of the instrument, the problem-solving ability is declared valid based on the assessment of two validates based on the test questions made, the test grid, and the answer key. Both of the validators declared valid, so the test instrument for solving, the ability is also practicable to use after revision. 
In general, learning activities are divided into three sections are preliminary activities, core activities, and closing activities. At the core activity, learning is done using the students’ worksheets that has been developed and follows the steps of learning with the PBL model that is in the lesson plans  that has been developed. The steps in the learning activities include (1) the stage of the students' orientation to the problem, (2) the stage of organizing students to learn, (3) the stage by guiding individual and group investigations, (4) the stage of developing and presenting the work, (5) the stage of analysing and evaluating results. Information on the learning outcomes sheet was obtained through the learning observation sheet that filled by the observer. However, because the learning transferable to learning in the network (online) then does not allow for any observer.
Whereas during the p test of problem-solving abilities, the teacher distributes test questions into the WAG, then the teacher explains the instructions for exercising on the exam and gives time in exercising on the exam. Then for the answers, the students send to the teacher via Personal Chat (PC). For students who have sent their answers via PC, they then fill out the list of task collection that is in WAG, this has done to minimize the occurrence of copies of the same answers or cheats.

3.5. Evaluation
At the stage of the researcher to check the learning device that has tested. The analysis has been based on practical data that has obtained by filling out the student response questionnaire and teacher response questionnaire. The effectiveness analysis has been based on data obtained from the test results of students' problem-solving abilities. 
Based on the classification of the practicality of teacher assessment, the results of the assessment of the practicality of teacher assessment of learning tools can be said to be practical if the grade obtained is more than 3.4 or in either category. The results of the analysis of the practicality of teacher assessment data obtained an average score of 4.84 then it can have been concluded that the practicality of developing this learning device is in very good categorization. The next table is a recapitulation of teacher assessment data. 




Table7. Recapitulation of Teacher Response Questionnaire Results

	No
	Assessment Aspect
	Max Score
	Average Score
	Category

	 1
	Lesson Plans
	5.00
	4.76
	Very practical

	 2
	Students’ Worksheets
	5.00
	5.00
	Very practical

	 3
	Tests of problem-solving abilities
	5.00
	4.75
	Very practical

	Total
	4.84
	Very practical



Furthermore, in the student response questionnaire, the results of the practical assessment of the student response to the learning device can say to be practical if the score obtained is more than 3.4 or in a good category. From the results of the practicality data analysis of the student, the response questionnaire obtained an average score of 4.61. This score can be interpreted as more than 3.4 so it can be concluded that the practicality of developing this learning device is in very good classification.
In the analysis of the problem-solving ability test, the average mastery of students' learning reached 87.10% with qualitative classification is very effective. Moreover, based on the average score of the problem-solving ability test results obtained by students reached 84.13. This result means that the problem-solving ability test is in very good classification. The following is a review of the problem-solving ability test results.
Table10. Recapitulation of Problem Solving Ability Test Results

	Category
	Results

	The highest score
	100

	Lowest Value
	52

	Average
	84.13

	Number of Students Completed
	27

	Number of Students Not Complete
	4

	Completeness Percentage (%)
	87.10



Based on these results it can conclude that the learning device products developed are in a very effective category.

4. Conclusion
The products of developing flat-sided building learning tool with a problem-based learning model oriented to problem-solving abilities are in the form of lesson plans and students’ worksheets. The development model used in this study is the ADDIE model, Analysis, Design, Development, Implementation, and Evaluation.










The learning device development, product developed has met the valid criteria. The validity criteria of the lesson plans  and students’ worksheets are in the very good category with the attainment of an average score of 4.46 for the assessment of the validity of the lesson plans  and 4.37 for the assessment of the validity of the students’ worksheets. Furthermore, the expert validation of the test instrument’s solving ability generally declared valid. The product also meets practical criteria based on teacher and student assessments. The results of the teacher response questionnaire obtained an average score of 4.84 with very good criteria and the student response questionnaire obtained an average score of 4.61 with very good criteria. 

References
1. Erman S 2000 Strategi Pembelajaran Matematika Kotemporer Bandung: PT Remaja Rosdakarya 
1. Dahar, Ratna Willis 2011 Teori-Teori Belajar dan Pembelajaran Jakarta: Erlangga
1. The National Council of Teachers of Mathematics 2000 Principles and Standards for School Mathematics Reston: NCTM
1. OECD 2019 PISA 2018 Results Combined Executive Summaries Volume I, II, and III Center website: https://www.oecd.org/pisa/Combined_Executive_Summaries_PISA_2018.pdf
1. Mullis I V S, M O Martin, Shirley Goh, and K Cotter 2015 TIMSS Advanced 2015 International Results in Advanced Mathematics and Physics Chestnut Hill: TIMSS & PIRLS International Study Center
1. Arends R 2008 Learning to Teach Jogjakarta: Pustaka Pelajar
1. Sahat S, and H Winmery 2014 The Improving of Problem Solving Ability and Students' Creativity Mathematical by Using Problem Medan: Unimed
1. Widyoko E 2016 Penilaian Hasil Pembelajaran di Sekolah Yogyakarta: Pustaka Pelajar
1. Yamansari 2010 Pengembangan Media Pembelajaran Matematika Berbasis ICT yang Berkualitas Surabaya: Seminar Nasional Pascasarjana
1. Kemendikbud 2018 Permendikbud Nomor 37 Tahun 2018 Tentang Kompetensi Inti dan Kompetensi Dasar Kurikulum 2013 pada Pendidikan Dasar dan Menengah Jakarta: Kemendikbud
1. Kemendikbud 2016 Permendikbud Nomor 22 Tahun 2016 Tentang Standar Proses Pendidikan Dasar dan Menengah Jakarta: Kemendikbud
image1.png




image2.png




