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Abstract. The efforts to enhance student’s mathematical justification skill can be done through a learning process by providing realistic problems that promote a maningful learning and involving real activity in guided discovery process that can give students opportunities to explain and justify their answer. One of learning approach that can facilitate these activities is realistic mathematics education approach. This developmental research aims to produce mathematics learning material that includes lesson plans and student worksheets with realistic mathematics education learning approach to enhance mathematical justification skill on linear programming material. This research also aims to know the quality of learning material in the aspect of validity, practicality, and effectiveness. Type of this research was research and development with ADDIE model, consisting of Analysis, Design, Development, Implementation, and Evaluation. The object of this research was learning materials with realistic mathematics education learning approach to enhance mathematical justification skill on linear programming material. The instruments used in this research were validation sheets for measuring the validity for the learning material, student questionnaire for measuring the practicality, and mathematical justification skill test for measuring the effectiveness of the learning material. The result of this study learning materials with realistic mathematics education learning approach fulfilled the validity, practicality, and effectiveness criteria to enhance mathematical justification skill. 
Introduction
In this century, we are facing an era of globalization and fundamental changes that requires development of human resources quality. Education is an important aspect to improving the quality of human resources. To create that, a learning process that can support the development of 21st century skills is needed. The ability of 21st century skills including are critical thinking and communication [1]. These skills can be developed from various disciplines delivered through subjects. One of the subjects given at school is learning mathematics.
One of mathematical skill that can support the growth and development of other math-related abilities is justification skill. Justification helped students enhance their critical thinking and communication skill [2]. Beyond mathematics, justification played a role in promoting the development of “student goals”. This is important for students not as people who do or use mathematics, but as future adults. Justification fostered student perseverance, independence, critical thinking skills, and the habit of mind to support one’s ideas, or request that of another. 
The development of justification skills in mathematics learning is very important. Justification is a critical mathematical practice that must play a role in teaching and learning at all grade levels [3]. Justifying a claim or a result involves presenting reasons convincing to oneself and others [4]. In high school, the standards for accepting explanations should become stingent, and students should develop a repetoire of increasingly sophisticated methods of reasoning and proof [5]. Justifications need to rely on acccepted concept, properties, procedures, and mathematical ideas. Thus, it is essential that students understand the need for justification from very early in their schooling.
The importance of mathematical justification skill has not yet been supported by the achievement of mathematical justification skill itself. In fact, there are many problems in mathematics learning that have caused the achievement of mathematical justification skill is still low. Trends in International Mathematics and Science Study (TIMSS) is international assessments in mathematics and science. According to the results of TIMSS, Indonesian scores are relatively low [6], [7], [8], [9], [10].
[bookmark: _Toc23209653][bookmark: _Toc23906976][bookmark: _Toc23907004][bookmark: _Toc24525666]Table 1. The results of TIMSS 
	Year
	Indonesian Ranking
	Number of Participated Countries
	Indonesian Score
	[bookmark: _Toc23903463]Average of International Score

	[bookmark: _Toc23903464]1999
	[bookmark: _Toc23903465]34
	[bookmark: _Toc23903466]38
	[bookmark: _Toc23903467]403
	[bookmark: _Toc23903468]487

	[bookmark: _Toc23903469]2003
	[bookmark: _Toc23903470]35
	[bookmark: _Toc23903471]46
	[bookmark: _Toc23903472]411
	[bookmark: _Toc23903473]467

	[bookmark: _Toc23903474]2007
	[bookmark: _Toc23903475]36
	[bookmark: _Toc23903476]49
	[bookmark: _Toc23903477]397
	[bookmark: _Toc23903478]500

	[bookmark: _Toc23903479]2011
	[bookmark: _Toc23903480]38
	[bookmark: _Toc23903481]42
	[bookmark: _Toc23903482]386
	[bookmark: _Toc23903483]500

	[bookmark: _Toc23903484]2015
	[bookmark: _Toc23903485]45
	[bookmark: _Toc23903486]50
	[bookmark: _Toc23903487]397
	[bookmark: _Toc23903488]500



The results of TIMSS show that Indonesian students are still in knowing level, the lowest of cognitive level [6]. They have not yet been able to apply their basic knowledge to solve problems (applying), neither to understand, apply knowledge in complex problems, make conclusions and make generalizations (reasoning). Whereas mathematical justification skill is one of the cognitive abilities in the reasoning domain, in addition to the ability to analyze, integrate, synthesize, evaluate, determine conclusions, and genera1ize [11]. 
To enhance mathematical justification skill, learning material which can give students opportunity to practice this ability is needed. Making sure that the tasks we give are known by students and unfamiliar vocabulary was explained can help students to generate an initial idea and developing a justification [3]. In other words, we need to ensure the tasks we give are imaginable and meaningful for students. A knowledge will be meaningful for students when the learning process involves realistic problems [12]. In addition, learning that involves real mathematical activities at the time of guided discovery can provide students opportunities to explain their answers and give acceptable justification [13].
Based on observations of learning at Muntilan 1 Senior High School, most of the students’ time in class was used to listen the explanations from teacher and students have not yet been facilitated to participate learning actively. In addition, mathematic book that used in learning has not yet provided opportunity for students to reinvention and reconstruct their own knowledge. Afterwards when students answered the questions, they were used to prioritized the correctness and accuracy of their answers and had not yet concerned the mathematical arguments about why the answer is correct or not. 
One of learning approach which involves realistic problems is realistic mathematics education. This learning approach provide real-world problem and imagineable problem for students [14]. There are five main principles in this learning approach [15]: (a.) the use of real context, (b.) the use of vertical instruments (chart, model, schema), (c.) the use of student works and construction, (d.) interactivity, and (e.) intertwinement. There are real student activities in vertical instrument and students reinvention the formal knowledge from that activities.
According to the analysis above, the efforts to enhance student’s mathematical justification skill can be done through a learning process by providing realistic problems that promote a maningful learning and involving real activity in guided discovery process that can give students opportunities to explain and justify their answer. One of learning approach that can facilitate these activities is realistic mathematics education approach.    
Method
This research is Research and Development (R&D) with ADDIE development model which has five steps, they are Analysis, Design, Development, Implementation, and Evaluation [16]. The population in this study were all eleventh-grade students of Muntilan 1 Senior High School. The sample of this study were 32 students of XI MIPA 4 that was chosen randomly.
The steps of development consist of five steps of ADDIE model, they are: 1). Analysis, includes analysis of learning material needs, student characteristics, and curriculum. 2). Design, design for learning material consist of lesson plans and student worksheets with realistic mathematics education approach to enhance mathematical justification skill for eleventh-grade students. Moreover, would be designed learning material assessment instruments that include lesson plans and worksheets assessment, student response questionnaire, learning implementation observation sheet, and justification skill test questions.  3). Development. In this step, the realization of the product framework is made to become a product that is ready to be implemented. Futhermore, expert lecture and mathematics teacher validate lesson plans and worksheets that developed to analysis the learning material quality and give suggestions to revise the products. 4). Implementation. Revised learning materials were implemented in school and the researcher had a role as teacher. 5). Evaluation to analysis the oversights that occur during the research process and analysis learning materials quality from practicality and effectiveness aspect.
Data collection techniques in this study were test and non-test techniques. The test technique is used to quantify the learning materials quality from effectiveness aspect according to the result of justification skill test. Non-test technique is used to quantify the learning materials quality from validity dan practicality aspect used lesson plans and student worksheets assessments, student response questionnaire, and learning implementation observation sheet.
Types of data in this studi were qualitative and quantitative data. Qualitative data included suggestions from validators and observers that compiled to get general conclusions. This data were used to revise the products. Quantitative data obtained from learning materials validation results by experts, student response questionnaire about developed products, learning implementation observation sheet, and justification skill test questions. Quantitative data were average of lesson plans assessment score (44 items), average of student worksheets assessment score (29 items), result of student response questionnaire (13 items), and result of mathematics justification skill test. Lesson plans and student worksheets assessment on Likert scale or five scale, while student response questionnaire on four scale that converted to be qualitative data with this formula [17]:
[bookmark: _Toc23209660][bookmark: _Toc23906985][bookmark: _Toc23907013][bookmark: _Toc24525675]Table 2. Converted score of lesson plans validity assessment 
	Average Score
	Criteria

	
	[bookmark: _Toc23904009]Very Valid

	[bookmark: _Toc23904010]
	[bookmark: _Toc23904011]Valid

	[bookmark: _Toc23904012]
	[bookmark: _Toc23904013]Quite Valid

	[bookmark: _Toc23904014]
	[bookmark: _Toc23904015]Less Valid

	
	[bookmark: _Toc23904017]Very Less Valid


Table 3. Converted score of student worksheets validity assessment
	Average Score
	Criteria

	
	Very Valid

	
	Valid

	
	Quite Valid

	
	Less Valid

	
	Very Less Valid


[bookmark: _Toc23209662][bookmark: _Toc23906987][bookmark: _Toc23907015][bookmark: _Toc24525678]
Table 4. Converted score of student response questionnaire assessment
	Average Score
	Criteria

	
	[bookmark: _Toc23904050]Very Practical

	[bookmark: _Toc23904051]
	[bookmark: _Toc23904052]Practical

	[bookmark: _Toc23904053]
	[bookmark: _Toc23904054]Less Practical

	
	[bookmark: _Toc23904056]Very Less Practical



The learning materials fulfilled valid criteria if the average score of lesson plans and student worksheets assessment are at least in “valid” category. The learning materials fulfilled practical criteria if the average score of student response questionnaire is at least in “practical” category. The learning materials fulfilled effective criteria in terms of mathematical justification skill if class average score is more than the passing score set by school, which is 72, and at least 70% of students in the class have reached the passing score.
Result and discussion
The products developed were learning materials based on realistic mathematics education to enhance mathematical justification skill which used ADDIE development model are described as follows:
Analysis
According to the analysis, it was found that students’ mathematical justification skill were still low. This is indicated by Indonesian score in in ternational study TIMSS in mathematics which has not yet reached the reasoning level. In fact, one element of reasoning ability is justification skill.
 In terms of the learning process of mathematics, students had not yet given opportunities to reinvention and construct their own knowledge. Students were immediately given formal mathematics at the beginning of the lesson, so that students recognized mathematics material only as meaningless numbers and formulas. Other than that, some of students were passive in the class. Most of students’ time in class was used to listen the explanations from teacher and students have not yet been facilitated to participate learning actively. In addition, mathematic book that used in learning has not yet provided opportunity for students to reinvention and reconstruct their own knowledge. Afterwards when students answered the questions, they were used to prioritized the correctness and accuracy of their answers and had not yet concerned the mathematical arguments about why the answer is correct or not. Students still had not developed the various steps to solve the problems and neither observed the reason of the answers. 
According to the analysis of needs in respect of the fulfillment of process standards, the meaningful learning materials which can practice and get used students to explain the steps and the reason of their answers, are needed to enhance students’ mathematical justification skill.     
Design
The results obtained from the analysis step were used as the basis for deesign of learning materials. The development of lesson plans mostly refers to the rules for development of lesson plan for the 2013 Curriculum as stated in [18] in respect of the standard of primary and secondary education. In addition, other guidelines for development of lesson plan is [19] in respect of the core competencies and basic competencies of learning. There are four lesson plans for four class meetings.
Development
The results of development step is the realization of a product framework to become a product that is ready to be implemented. In addition, expert lecture and mathematics teacher validated the lesson plans and student worksheets. The validator of this studi are (1). Dra. Mathilda Susanti, M.Si. and (2). Suripto, S.Pd.. Suggestions from the validators were used as material to revise the product of lesson plans and student worksheets. The results of the assessment of each validator are presented in the following table.
Table 5. Results of learning materials assessment
	Learning materials
	Validators
	Average
	Maximum Score
	Criteria

	
	1
	2
	
	
	

	Lesson plans
	189
	185
	187
	220
	Very Valid

	Student worksheets
	115
	123
	119
	145
	Valid



According to the result, the product of learning materials, lesson plans and student worksheets fulfilled the valid criteria.
  Implementation
The results of this step is the data from the observation of learning implementation, results of student response questionnaires, and the results of mathematical justification skill test. 
  Evaluation
The results of evaluation step is analysis of practicality and effectiveness aspect of developed learning materials. Another results of this step is the final product of learning materials with realistic mathematics education learning approach to enhance mathematical justification skill. The results of the analysis of student response questionnaire are presented in the following table.
[bookmark: _Toc23906998][bookmark: _Toc23907026][bookmark: _Toc24525688]Table 6. The results of the analysis of student response questionnaire
	Assessment Aspects
	Maximum Score
	Average Score

	Assistance
	12
	9,28

	Convenience
	28
	21,88

	Attractiveness
	12
	8,94

	Total
	52
	40,09

	Criteria
	
	Practical



Based on the table above, it is known that the product of learning materials fulfilled the practical criteria. The results of observation of learning implementation are presented in the following table.
[bookmark: _Toc23209673][bookmark: _Toc23907001][bookmark: _Toc23907029][bookmark: _Toc24525691]Table 7. The results of observation of learning implementation
	Class Metting
	Maximum Percentage of Implementation
	Average of Percentage of Implementation
	Category

	1
	100%
	100%
	Very good

	2
	100%
	100%
	Very good

	3
	100%
	94%
	Very good

	4
	100%
	94%
	Very good

	Conclusion
	97%
	Very good



According to the table above, it is known that learning activities in the study were carried out very well and appropriate with the lesson plans. The effectiveness of learning materials according to the results of mathematical justification skill test is presented in the following table.
[bookmark: _Toc23209672][bookmark: _Toc23907000][bookmark: _Toc23907028][bookmark: _Toc24525690]





Table 8. The results of mathematical justification skill test
	No.
	Assessment aspects
	Results

	1
	Students’ score

	
	a. Highest score
	98,39

	
	b. Lowest scone
	40,32

	
	c. Average
	77,72

	2
	Student Completeness

	
	a. Passing students
	23

	
	b. Unpassing students
	9

	
	c. Percentage of passing
	72%



Based on the table above, it is known that the product of learning materials fulfilled the effective criteria because the average score is more than the passing score and the percentage of passing is more than 70%. 
According to the results above, we can conclude that the product of learning materials with realistic mathematics education learning approach fulfilled the validity, practicality, and effectiveness criteria to enhance mathematical justification skill. 
The following pictures show the realistic contexts that used at the beginning of the learning contained in student worksheet.
[image: ]
Figure 1. Realistic context 1

[image: ]
Figure 2. Realistic context 2

Context in Figure 1 is about sandwich to construct two variables linear inequality material, while context in Figure 2 is about availability of materials for making two kinds of umbrella to construct linear programming concept. The contexts in Figure 1 and 2 are meaningful because these contexts are real-world problem that can be imagined by students. These initial contexts supported student to construct their own knowledge about two variables linear inequality and  linear programming concept.
The activities in student worksheets supported student to understand the linear programming material easily. This is indicated from the results of student response questionnaire that shown the convenience aspect score is the highest score. 
After used the learning materials with realistic mathematics education learning approach, students’ score fulfilled the effective criteria because the average score is more than the passing score and the percentage of passing is more than 70%. This result is also supported by one sample t-test with a significant level 0,05. So that students’ mathematical justification skill test scores were good because they used the developed learning materials.with a confidence level of 95%. Therefore, the learning objectives had been achieved and the developed products are generally considered effective so that they are suitable for use. The following picture is one example of students’ answer in justification skill test that reached the highest score.

[image: ]
Figure 3. Students’ answer
 The students’ answer in the Figure 3 show that students can explain the reason of their answer. 
The learning materials with realistic mathematics education learning approach are effective to enhance mathematical justification skill because the developed learning materials consist of meaningful problem in the beginning of each material, provide activities in the worksheets that can mek students to be active in the class, and give them opportunities to explain and justify their answers.
The result of this study is accordance with the statement of  that provide known and familiar problems for students can help them to generate an initial idea and developing a justification [3]. 
Conclusion
The results of the expert analysis show that the learning materials with realistic mathematics education learning approach has fulfilled valid criteria for use in the learning. The results of this study show that the developed learning materials are pratical and effective for enhancing mathematical justification skill.
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Perhatikan ilustrasi berikut.

b Zahra lnenjual dua ma;:am roti lapis, roti lapis biasa"
dan roti lapis spesial. Ta menyusun isi roti lapis ‘
menggunakan persediaan bahan yang ia miliki
setiap harinya yaitu 12 potongan telur dan 26
potongan tomat. Satu roti lapis biasa berisi 3
potongan telur dan 2 potongan tomat. Sedangkan Sumber: resepfomac. blogspot.com
satu roti lapis spesial berisi 1 potongan telur dan 4 Gambar 1.1 Roti lapis

potongan tomat.

Berdasarkan ilustrasi di atas, lakukan kegiatan berikut secara berkelompok.
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Sebuah pabrik payung memproduksi payung lipat dan payung standar dalam lusin. Jumlah
minimal produksi kedua jenis payung adalah 9 lusin. Modal yang dimiliki untuk
memproduksi payung lipat dan payung standar adalah scbesar Rp3.000.000,00. Berikut
adalah biaya produksi payung. Biaya produksi payung lipat adalah Rp200.000,00 per lusin
dan payung standar Rp350.000,00 per lusin.
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Berdasarkan ilustrasi di atas, jika x adalah banyaknya payung lipat (dalam lusin) dan'y
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