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This research is research on developing learning tools and applying Realistic 
Mathematics Learning (PMR) with the material Function. In the initial research, it 
appears that the teacher is still not maximally teaching according to the syntax or 
PMR steps. This is because the teacher does not understand the PMR learning tools 
that the teacher has just obtained, but the teacher has understood them in the next 
meeting. Students/students also have problems understanding the syntax of 
learning steps. This apparent difficulty is because students also get a different 
learning approach than usual. It is also seen that students have difficulty expressing 
their ability to read pictures or read problems. The researcher applies a modified 
four-dimensional model Thiagarajan, Semmel, and Semmel to produce relevant 
teaching materials. The teaching materials obtained consisted of (1) lesson plans, 
(2) teacher guidelines, (3) student books, (4) student activity sheets, and (5) learning 
outcomes tests. The experiment results found that the realistic mathematical 
approach was effective in functional learning in class VIII students of SMPN 1 
Sungai Lala, Riau Province. 
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INTRODUCTION  

Learning mathematics is very important because mathematics penetrates the joints of human 

life. By learning mathematics, students are expected to apply the values contained in mathematics 

lessons in their daily lives. Values include always thinking logically, critically, consistently, disciplined, 

democratically, communicatively, and honestly. These values are formed due to the interpretation and 

application of the characteristics of mathematics itself. The mathematical characteristics stated by [1] 

have 6 (six) characteristics, namely: 1) having an abstract object of study, 2) relying on the agreement, 

3) having a deductive mindset, 4) having symbols that are empty of meaning, 5) paying attention to 

the universe of speech, 6) consistent in the system. 

Teaching mathematics should be interesting, fun, and not boring for students. It makes it easier 

for students to understand facts, properties, rules, concepts, definitions, principles, or theorems of 

mathematics. To achieve this, an educator (hereinafter referred to as a teacher) and students must be 

prepared to carry out the teaching and learning process. Readiness in carrying out the teaching and 

learning process, according to [2], is the overall condition of a person who makes them ready to 

respond/answer in a certain way to a situation. Thus, learning readiness is the initial condition of a 

learning activity that makes a person ready to respond or answer students in a certain way to achieve 

a goal. With the readiness between teachers and students, it is expected that students' willingness and 

ability to learn mathematics will increase or be very high. 

Internationally, the mathematical ability of grade VIII students (in grade 2 of junior high school) 

in Indonesia is still at a very low level. Indonesia is ranked 44th out of 49 countries with an average 
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score of 397, while the average international score is 500. These results are based on Trends in 

International Maths and Science Study (TIMSS) tests in 2015. 

The low mathematical ability at the international and national levels (nationally, it can be seen 

in the National Examination scores) must be a serious thought for practitioners of the world of 

education. According to [3] that the weaknesses of learning mathematics carried out by teachers in 

schools are; 1) the teacher's low ability to use varied learning methods, 2) the teacher's teaching ability 

is only limited to answering questions, 3) the teacher does not try to change his teaching method 

which is already considered correct and effective, and (4) the teacher only uses conventional methods 

without paying attention to aspects of student thinking. The review must be from various aspects that 

do not always corner students. Often the causes of student difficulties, according to [4], only come 

from within the students themselves, so that they become a sharp spotlight, which means as if there 

are no other causes of difficulties that come from outside the students, for example, the way the 

lesson is presented or the learning atmosphere is carried out. 

According to [5], students' low mathematical problem-solving ability can be overcome, among 

others, by developing a learning device that can assist students in improving mathematical problem-

solving abilities. Teachers need learning tools to develop students' mathematical problem-solving 

abilities. According to [6], teachers rarely develop learning tools that are in accordance with the 

characteristics of students. This needs attention from the teacher because of the importance of 

learning tools prepared by the teacher. The learning device is used as a reference in the learning 

process because it is still found that it is not in line with the reality encountered. 

In addition, the learning process is a very important indicator in seeing the success of learning. 

This is sometimes still forgotten by the teachers. The teacher only thinks about how the curriculum 

is achieved how the teaching materials are finished being taught on time. It must be realized that the 

teacher carries out teaching activities and has to think about how students understand a teaching 

material and fully master it so that later it becomes a provision for students in dealing with problems 

in everyday life. This results in that by understanding how teaching materials are delivered, starting 

from the strategies used, the approaches taken, the methods chosen, and the techniques applied, a 

teacher will be able to optimize his teaching abilities so that it will have an impact on student success, 

student enjoyment in learning and students do not feel bored. In addition, teachers must pay attention 

to learning mathematics so that teaching has clear directions and goals. 

According to the Minister of National Education Number 20 of 2006, One of the goals of 

learning mathematics is to communicate ideas with symbols, tables, diagrams, or other media to clarify 

the situation or problem. In learning mathematics, mathematical communication both orally and in 

writing is very important in addition to reasoning, proof, mathematical representation, and 

mathematical problem solving [7]. 

The phenomenon that is developing in Indonesian education today is a tendency to carry out 

constructivist learning. In constructivist understanding, students are expected to construct knowledge 

that has never been studied by using existing knowledge, meaning that students are not considered 

empty glasses. Learning that is teacher-centered turns into student-centered. Learning is no longer 

teacher-centered but student-centered. Students as learning subjects are not objects of learning. 

One student-centered mathematics learning (student-centered) and applying mathematics in 

everyday life is realistic mathematics Learning (RML). RML is very appropriate and beneficial for 

students because PMR uses contextual problems as a starting point for learning, then students 

perform horizontal mathematization and vertical mathematization. The problems given are 

contextual and close to the child's world and everyday life. The teacher poses problems, poses 
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questions, and facilitates investigation and dialogue. At the end of the lesson, students are required to 

conclude the concepts, definitions, principles, rules, or properties they have learned in their way. This 

shows that students are required to be active in learning. 

The realistic Mathematics Approach is an approach to learning mathematics that starts from a 

real problem and then with a tiered mathematization process, brought to a formal form with a pleasant 

learning atmosphere [8, 9, 10]. This learning differs from mathematics learning so far, which provides 

information and uses ready-made mathematics to solve problems [11]. 

Related to the management of learning, a learning approach is needed, and that approach must 

be adapted to the learning model that will be used. According to [1], the learning approach is a path, 

method, or policy taken by the teacher in the process of delivering or presenting a particular topic to 

make it easier for students to understand it. Choosing the wrong approach will make learning not run 

according to the planned learning objectives. 

According to [12] and [13], learning approaches in mathematics education can be grouped into 

two components, namely horizontal mathematization and vertical mathematization. Then when 

viewed from the approach into four kinds of approaches, namely: mechanistic (mechanical), 

empiricistic (empiristic), structuralistic (structuralistic), and realistic (realistic). The general explanation 

of the four approaches to learning mathematics based on the intensity of their mathematization is as 

follows. 

1. Mechanistic, in this approach, learning focuses on drills and memorizing formulas and practical 

solutions 'tricks' rather than attention to the application. Therefore, this approach pays less 

attention to the horizontal and vertical components of  mathematization. 

2. Empirical, in this approach, students are offered an environment that can stimulate them to arrive 

at the development of  knowledge (horizontal mathematics). Still, they cannot leap at thought to 

a more formal level of  computation. In other words, there is no tendency to involve a vertical 

mathematizing component. 

3. Structuralistic, in this approach, learning starts from formal calculations. Students are taught a 

definition/theorem/formula, then given examples of  questions, and then given practice questions 

related to the definitions/theorems/formulas taught. This approach emphasizes more on vertical 

mathematization than horizontal mathematization. 

4. Students build formal mathematics by doing vertical mathematization to solve contextual 

problems. This approach pays attention to the balance between horizontal and vertical 

mathematization. Realistically, in learning with this approach, students are given contextual 

problems starting with problems that match the informal knowledge that students already have. 

Realistic Mathematics Education (RME) is a learning approach developing in Indonesia, 

especially mathematics. The development of RME is based on the ideas of Freudenthal in 1905-1990. 

In its original place, namely the Netherlands, this mathematical approach is known as Realistic 

Mathematics Education (RME). In Indonesia, it is defined as Realistic Mathematics Education. 

Operationally Education is changed to Learning. Henceforth in this study, RME is defined as Realistic 

Mathematics Learning (RML). 

Learning mathematics will be more meaningful if the learning is associated with the real 

environment of students in students' daily lives. With these conditions, students can immediately see 

the application of mathematics lessons. 

  As proposed by [2], Realistic mathematics learning uses reality and the environment 

understood by students to facilitate the mathematics learning process to achieve the goals of 

mathematics education better than in the past. In this paper, the word "reality" is real or concrete 
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(1) 

(2) (3) 

(4) 

things that students can observe or understand through imagining. What is meant by "environment" 

is where students are in the school, family, and community environment that students can understand. 

Educate. Freudenthal says that mathematics must be related to reality, and mathematics is a human 

activity [14]. This means that mathematics must be close to children and relevant to children's 

everyday situations. 

RML is based on Freudenthal's 1973 argument that mathematics should not be presented to 

students in the form of a ready-made product [14]. Still, students must learn to rediscover these 

mathematical concepts. They form mathematical concepts and procedures through realistic and 

contextual problem solving [15]. 

Realistic mathematics learning uses contextual problems in learning mathematics. It should be 

noted that something contextual in a student's environment in one area is not necessarily contextual 

for students in another area. For example, the internet is contextual for students in big cities, such as 

Surabaya, Jakarta, Pekanbaru, Medan, but is not necessarily contextual for students in remote areas 

or remote areas. Therefore, learning mathematics with a realistic approach must be adapted to the 

circumstances of each area. 

Realistic mathematics learning, which is a process of developing ideas and concepts starting 

from the real world, which is called the conceptual mathematization process, is described as follows: 

 

Figure 1.   Conceptual Mathematization [13] 

 

Figure 1 shows that (1) the process of learning mathematics takes place from real situations, 

intuitively students first have mathematical concepts through real-world situations. In this case, 

students carry out horizontal mathematization activities; namely, they organize, reflect, formulate 

problems, and identify aspects of the problem mathematically to find the rules or relations, (2) with 

interactions between students, teachers, and between students and students. Students with a social 

environment, students are expected to be able to use vertical mathematization by formalizing and 

abstracting mathematical concepts to give birth to mathematical concepts in students, (3) after 

mathematical concepts are formed, students are expected to be able to apply them in different 

problems, and situations and (4) after the concept is applied to different problems, real problems may 

arise again or be returned to real problems. 
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The description above shows that what is meant by realistic mathematics learning (RML) is an 

approach to learning mathematics that uses contextual problems as a starting point in the mathematics 

learning process. Students are asked to organize and identify the mathematical aspects contained in 

the contextual problem. Students are given full freedom to describe, interpret and solve these 

contextual problems in their way, based on experience or prior knowledge they already have. Then 

with or without the teacher's help, students are expected to construct facts, definitions, concepts, and 

principles from contextual problems given by the teacher at the beginning of learning. According to 

[14], there are three main principles (key principles) in RML, namely: (a) guided reinvention and 

progressive mathematizing, (b) didactical phenomenology, dan (c) self-developed models. These three 

principles can be briefly explained as follows. 

The first principle is based on reinvention; students can experience the same process as when 

mathematics was discovered. The history of mathematics can be used as inspiration in designing 

subject matter. In addition, the principle of reinvention can also be developed based on informal 

settlement procedures. In this case, the informal strategy can be understood to anticipate formal 

settlement procedures. For this purpose, it is necessary to formulate contextual problems that can 

make various completion procedures that indicate learning routes through the process of progressive 

mathematization. 

The researcher's second principle is that this discovery principle refers to the constructivist 

view, which states that knowledge cannot be transferred or taught through notification from the 

teacher to students. Still, the students themselves must construct (build) that knowledge by themselves 

through active learning activities. This principle implies that in studying mathematical facts, 

definitions, concepts, and principles, students start from problems that come from real situations or 

problems that can be imagined as real problems. Contextual problems are very important to introduce 

mathematical topics to students. Determining a contextual problem in RML is based on: (1) to reveal 

the various applications of a topic that must be anticipated in learning and (2) to consider whether or 

not the contextual problem is used as points for a progressive mathematization process. This is done 

by considering the suitability of the contextual problems presented with (1) the mathematics topics 

being taught and (2) facts, definitions, concepts, and principles of mathematics that students in 

learning will rediscover.  

The third principle is the development of the model itself. In this principle, the models built 

serve as a bridge between students' informal and formal mathematical knowledge. In solving 

contextual problems, students are given the freedom to build their mathematical models related to 

the contextual problems being solved. Consequently, it is possible to appear various models built by 

students due to that freedom. These various models may initially be similar to the contextual problem. 

These models are expected to change and lead to formal mathematics. 

As the operationalization of the three main principles of RML above, according to [14], RML 

has five characteristics, namely: (a) the use of context (using contextual problems), (b) the use models, 

bridging by vertical instruments (using various models), (c) students contribution (using student 

contributions), (d) interactivity (interactivity), and (e) intertwining (integrated with other topics). 

By referring to the principles and characteristics of RML, the steps in the mathematics learning 

process with the RML approach are as follows. 

Step 1: Understanding contextual issues 

The teacher gives contextual problems and asks students to understand the problems. Suppose there 

are certain parts that some students have not understood, students who understand that part is asked 

to explain them to other students who do not understand. If students who do not understand are still 
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dissatisfied, the teacher will explain further by giving limited instructions. If necessary, the teacher can 

provide a classical explanation. 

Instructions, in this case, are in the form of questions that lead students to understand the problem, 

such as: what is known from the problem? What was asked? 

This step is in accordance with the first realistic mathematics learning characteristics, namely using 

contextual problems (the use of context), which is appointed as a starting point in learning. 

 

Step 2: Solving the contextual problem 

Students describe contextual problems, interpret the mathematical aspects of the problem in question, 

and think of problem-solving strategies. Students individually solve contextual problems in their way. 

Different ways of solving and answering problems are preferred. Using student workingsheets, 

students work on questions with different difficulty levels. The teacher observes, motivates, and 

provides limited guidance so that students can find solutions to these problems in their way. While 

the characteristics of realistic mathematics learning that are appropriate are the second characteristics, 

namely using models (use models, bridging by vertical instruments). 

 

Step 3: Comparing and discussing answers 

The teacher forms groups and asks the groups to work together to discuss solving the problems that 

have been solved individually (negotiating, comparing, and discussing). Students are trained to issue 

ideas related to student interaction in the learning process to optimize learning. 

After the discussion is done, the teacher appoints group representatives to write down each solution 

idea and the reason for the answer. Then, as a facilitator and moderator, the teacher directs students 

to discuss, guiding students to conclude the topics being taught. This step is in accordance with the 

third and fourth characteristics of realistic mathematics learning, namely the use of student 

contributions and interaction (interactivity) between one student and another. 

 

Step 4: Concluding 

From the results of class discussions, the teacher directs students to conclude a formula for a 

concept/principle from the topic being studied. The characteristic of RML that appears in this step 

is the interaction (interactivity) between students and teachers. 

The functions taught to class VIII SMP students with Competency Standards for algebra units 

are understanding and performing algebraic operations, functions, line equations, and systems of 

equations and problem-solving. Basic Competencies for function topics consist of: 

1. State the form of the function with the following indicators. 

a. Explain in words and daily state problems related to function 

b. Declare a function related to everyday events 

c. Draw a graph of a function in Cartesian coordinates 

2. Calculate the value of the function with the following indicators. 

a. Calculating the value of a function 

b. Compiling a function table 

c. Calculates the value of the function change if the variable changes 

Given the limitations of the researcher, the topic used in this study is only basic competency 

number 1. The outline of the material used in this study can be seen in the following figure. 
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                     :   comprise 

Mathematics learning oriented to PMR is new learning, especially in Indragiri Hulu Regency, 

Riau Province, so learning tools that can support its implementation in the classroom do not yet exist. 

Therefore, this research was preceded by developing learning tools for the topic of functions by 

applying a realistic mathematics learning approach in class VIII of SMPN 1 Sungai Lala. Then the 

researcher continued to look at the learning outcomes of students who were taught using realistic 

mathematics learning compared to the learning outcomes of students who were taught using 

conventional learning for the topic of functions in class VIII of SMPN 1 Sungai Lala. 

 
METHODS 

This research is classified as quasi-experimental research, which begins with development 

research [16]. The development research in question is research conducted to produce learning tools 

consisting of lesson plans (RP), teacher manuals (BPG), student books (BS), student activity sheets 

(LKS), and learning outcomes tests (THB). The development of the device refers to the 4-D model 

(four-D model) proposed by [17]. This was done to answer how the development and results of 

developing a good realistic mathematics learning tool for the topic of function in class VIII of SMPN 

1 Sungai Lala. 

After the learning tools were developed, experimental research was carried out. Learning tools 

are said to be good/valid if the learning tools after being validated and tested meet the requirements, 

1) the teacher's ability to manage learning is at least good, 2) student activities in learning are effective, 

3) student responses to learning tools are positive, and (4) test results. The study had a minimum of 

moderate validity and reliability, and a sensitivity index of more than or equal to 0.3 (S > 0.3). It is 

said to be experimental research because it is marked by the existence of treatments designed 
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intentionally to change a condition, namely applying realistic mathematics learning by using learning 

tools from the results of development research. 

To see the effectiveness of realistic mathematics learning on the topic of functions in class VIII 

of SMPN 1 Sungai Lala, the researcher investigated the description of several things related to realistic 

mathematics learning, namely: the ability of teachers to manage learning, student activities, classical 

learning completeness and student responses to learning. 

Realistic mathematics learning is effective if at least 3 of the four aspects below are met with 

the condition that one must be fulfilled. The four aspects are (1) complete classical learning outcomes, 

(2) teacher's ability to manage learning at least good, (3) student activity, effective (4) student response 

to positive learning. 

To see the difference between student learning outcomes using realistic mathematics learning 

(PMR) and student learning outcomes using conventional learning, the researchers investigated the 

differences in student learning outcomes taking realistic mathematics learning and student learning 

outcomes taking conventional learning. 

The research procedure consists of three stages: the preparation stage, the implementation 

stage, and the data analysis stage. 

1. Preparation stage 

The activities carried out at this stage are as follows: 

a. Developing learning tools. 

b. Analyzing the test results of learning devices to revise these devices. 

2. Implementation stage 

The activities carried out at this stage are as follows: 

a. Giving a pretest to the experimental class and control class. 

b. Implement realistic mathematics learning for the experimental class and conventional 

mathematics learning for the control class. 

c. Observing student activities and the teacher's ability to manage learning are carried out by one 

observer each. 

d. Providing post-test for the experimental class and control class. 

e. Providing student response questionnaires to experimental class students.  

3. Data analysis stage 

The activity is to analyze the data obtained from the implementation stage. 

The development model used to develop learning tools in this study is a modification of the 

model [16] known as the 4-D model. This model was chosen because it is systematic and suitable for 

developing learning tools, but the researchers modified the 4-D model in this study. This was done 

because the 4-D model was designed for learning for exceptional students, while the subjects of this 

study were ordinary/normal students. The modification of the 4-D model learning device 

development in this study is presented in the diagram in Figure-2. The results of the development of 

learning tools can be described as being categorized as good or valid because the requirements for 

good learning tools are met. 

The results of experimental research using learning tools developed for the function topic in 

class VIII of SMPN 1 Sungai Lala are effective because the requirements for the effectiveness of 

learning are met. For the difference in learning outcomes, it can be concluded that students who are 

subject to realistic mathematics learning for the topic of functions are better than the learning 

outcomes of students who are subject to conventional mathematics learning for the topic of 

functions. 
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Figure 2. Modification of the Learning Device Development Model from the 4 - D model  

 
RESULTS AND DISCUSSION 

In the test of the device, when viewed from every aspect, the teacher's ability is still in the "not 

good" category (score 2). This is seen in terms of: 

1. Directing students to find answers and answer questions by providing limited assistance. 

2. The ability to direct students to find their own and draw conclusions about 

concepts/principles/definitions/theorems/formulas/mathematical procedures. 

This "not good" assessment was found at the first meeting. In this meeting the teacher still 

provides assistance that crosses the line such as giving answers to students. According to the 

researcher, this is understandable because the teacher is still adjusting to the learning. This is possible 

because the teacher is less patient in guiding students to find their concepts to be constructed. To 

avoid this from happening again, the researcher gave directions to partner teachers.  

For student activities, in the device test at the first meeting, there was a percentage of student 

activity outside the criteria, namely paying attention to/listening to the teacher's/friend's explanation. 

According to the researcher, this is because students are also adjusting to the learning carried out. The 

teacher also teaches that they are still much influenced by conventional learning so that student 

activities still listen a lot to the teacher's explanation. The difference is not far or not significant, so 

the researcher did not revise the device. 

 The results of the learning outcomes test analysis consisting of 13 items have valid, 

sensitive, and reliable criteria. Because of the results of field trials, the learning tools did not experience 

significant changes, the researchers concluded that the learning tools developed were in a good 

category. 

The results of observations on the ability of teachers to manage to learn were analyzed that the 

average ability of teachers to manage learning in four meetings reached a minimum category of good. 

It is based on the criteria of the teacher's ability to manage learning, which is located in the interval 
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3.50 < TKG < 4.50 means good and lies in the interval 4.50 < TKG < 5.00 means very good. Because 

the teacher's ability to manage to learn lies in good and very good criteria, it is concluded that learning 

is effective when viewed in terms of the teacher's ability to manage to learn. 

The observations of student activities in learning every time they meet for four face-to-face 

meetings are expressed as percentages. The results were analyzed that student activities are in the 

interval of effectiveness limit criteria in general. From the analysis, it was concluded that learning was 

effective when viewed from student activities. 

In the control class, observations were made but not in detail as in the experimental class 

because the activities in the two classes were not the same. In general, learning activities are dominated 

by teachers. The teacher explains the concept interspersed with questions and answers, gives examples 

of concepts, and provides exercises. Meanwhile, the students' activities were only listening to the 

description of the concept and answering the questions posed by the teacher, noting the description 

of the concept, completing the practice questions. The interaction in the discussion was not optimal, 

and the teacher dominated the conclusion. 

The questionnaire results on student responses to the implementation of learning can be 

analyzed. From 5 aspects, three aspects (60%) were responded positively by more than 75% of 

students, and two aspects (40%) were responded negatively by less than 75% of students. This means 

that if viewed from the student's response to the implementation of learning, this learning is 

ineffective. 

These two aspects arise because the learning atmosphere and how teachers teach are similar to 

what they have experienced. From the researcher's interview with the teacher, it turns out that the 

teacher has taught mathematics in groups, but the learning process is different from the method in 

this study. The teacher believes that the learning environment and teaching in this research are new. 

The mastery of student learning, both individually and classically, can be analyzed that the 

mastery of individual learning outcomes achieved by students in the experimental class (88.4%) is 

higher than that achieved by students in the control class (11.6%). This means that if viewed from 

the completeness of student learning outcomes individually and classically, it is concluded that 

individual and classical learning outcomes are complete. From the overall descriptive analysis results, 

it can be concluded that realistic mathematics learning is effective. This is because the requirements 

for the effectiveness of learning are met. 

Inferential statistical analysis was used to test the hypotheses proposed in the study. From 

ANAKOVA obtained a linear regression model for the experimental class and control class, YE 

=10,92 + 0,83 XE danYK = 8,12 + 0,86 XK. From the two regression models, it can be seen that the 

regression line constant for the experimental class is greater than the constant. The regression line for 

the control class is 10,92, and 8,12. This shows a significant difference. Geometrically the regression 

line for the experimental class above the regression line for the control class means that the learning 

outcomes of students who are subjected to realistic mathematics learning for the topic of functions 

are better than the learning outcomes of students who are subjected to conventional mathematics 

learning for the topic of functions. 

 
CONCLUSIONS AND SUGGESTIONS 

The results obtained are: (1) the development of realistic mathematics learning tools using 4-D 

models (four D Models), which have been modified as necessary, resulting in good realistic 

mathematics learning tools, in accordance with the criteria set by the researcher, for the topic of 

functions. The learning tools consist of lesson plans (LP), teacher manuals, student books, student 
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activity sheets, and learning outcomes tests, (2) realistic mathematics learning for function topics in 

class VIII of SMPN 1 Sungai Lala, is effective, (3) student learning outcomes using realistic 

mathematics learning for function topics are better than student learning outcomes using 

conventional mathematics learning for functions topics. 

The researcher gives several suggestions: (1) for the school to reduce the number of students 

in one class so that later the teacher can provide more optimal guidance. This is based on the fact that 

in this study, several students should have received guidance but did not receive guidance; (2) for the 

teachers, teachers are expected to use this learning device to teach function topics. And this device is 

expected as a guide for teachers in making learning tools for other topics. For teachers, it is also 

expected that realistic mathematics learning will be a variation in learning; (3) for other researchers, if 

you want to develop learning tools using realistic mathematics learning (RML), it is recommended to 

pay attention to aspects of student responses. This is based on the results of this study which states 

that learning is not effective in terms of student responses. 
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