
Journal of Educational Sciences Vol. 4 No. 1 (Jan, 2020) 62-72 

 

 

 

 

Journal of Educational Sciences 
Journal homepage: https://jes.ejournal.unri.ac.id/index.php/JES 

 

Development of Learning Tools by Application of Problem Based 

Learning Models to Improve Mathematical Communication 

Capabilities of Sequence and Series Materials 

Nur Atika
*
, Yenita Roza, Atma Murni 

Mathematics Education Studies Program, FKIP, Universitas Riau, Pekanbaru, 28293, Riau, Indonesia 

 

ARTICLE INFO  A B S T R A C T 

Article history: 

Received: 06 July 2019 

Revised: 14 Oct 2019 

Accepted: 05 Jan 2020 

Published online: 24 Jan 2020 

 This research was motivated by the lack of learning tools 

that can improve students' Mathematical Communication 

Skills (KKM). Activities that can encourage students to 

improve KKM have not been designed by the teacher in the 

learning device properly. This study aims to produce 

learning tools by applying Problem Based Learning models 

to improve KKM. This development research used the 

ADDIE development model with the stages of Analysis, 

Design, Development, Implementation, and Evaluation. 

The results of Syllabus, RPP, LKPD and KKM validation 

results showed highly valid criteria with percentages of 

91.67%, 91.30%, 89.09%, and 87.15%, respectively. 

Practicality results indicate a very practical criterion with 

the percentage of small group trials at 95.57%, large group 

trials at 96.07%, and teacher responses at 96.25%. The 

effectiveness test results state that KKM of students who 

use learning tools with PBL models is better than KKM of 

students who use conventional learning. 
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1. Introduction 

 

The paradigm shift in the administration of education requires a change from 

conventional teacher-centered learning processes to teacher-centered learning that 

makes the role of teachers more complex, because teacher demands are not just 

teaching and educating students but are also expected to be able to become 

facilitator so that the role of education becomes more meaningful. Puji et al. 

(2019) says that in education, the learning process is identified by the process of 

conveying information or communication. The 2013 curriculum implemented in 

schools requires teachers to prepare a design of learning activities that can 

encourage learners' activities in learning. Guswinda et al. (2019) said that the 
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teacher acts as a facilitator and mediator to encourage students to carry out 

learning activities. Teachers must be creative in designing learning activities so 

that the learning process can be carried out and in accordance with those listed in 

Permendikbud Number 22 of 2016. 

 

Learning tools are a form of preparation done by teachers before conducting the 

learning process (Daryanto et al. 2014). Sumarno et al. (2014) said that the 

learning tools are used as a teacher's guide in implementing the learning process 

in class so that the learning process can take place more directed towards the 

competencies to be achieved. Appropriate learning tools are a very important 

factor in preparing students to gain learning experiences. Sumarno et al. (2014) 

also said that the design and use of good learning tools is strongly suspected to be 

able to further improve student learning outcomes. The teacher can make the 

lesson plan as a guide in the implementation of learning in the classroom by 

utilizing LKPD to teach students. 

 

Syllabus is a learning plan that is prepared systematically and contains interrelated 

components to meet the objectives of achieving Basic Competence (KD). 

Syllabus is used as a reference in developing lesson plans. RPP is a guide to 

learning activities carried out by teachers in learning. The characteristics of a good 

lesson plan according to Jumanta (2016) include the activities that can make the 

experience for students, learning steps arranged systematically, and in detail. 

LKPD is a learning device as a complement or supporting tool for teachers in 

implementing learning plans. Hanim et al. (2017) said that a good LKPD is one 

that can help and guide students in understanding the material and can increase 

the activities of students. 

 

The learning tools used by the teacher have not been able to facilitate the KKM of 

students. The teacher has not developed learning devices independently according 

to the characteristics of students. Based on the results of interviews with five high 

school mathematics teachers, there is one teacher who develops learning tools 

independently. Other teachers tend to use devices from peers, download internet, 

previous devices and have their credentials adjusted, even buying CDs of learning 

tools at a low cost. Learning tools are only limited to administrative requirements 

provided by the teacher without regard to the objectives to be achieved. Some 

teachers have not been able to develop indicators of competency achievement 

using operational verbs that can measure KD achievement, have not been able to 

formulate learning objectives by paying attention to aspects of audience, behavior, 

conditions, and degrees, learning activities have not been arranged clearly and 

systematically based on learning models that make activities students are more 

active, and LKPD is not utilized in learning activities. 

 

In learning at school, Rahman (in Yenita et al. 2017) states that mathematics is the 

most difficult subject for students compared to other subjects. The teacher needs 

to design learning that makes students not think that mathematics is difficult. 

However, learning done by teachers tends to be at the teacher center. Student 

participation in learning is still limited. The structure of the students' activities in 

the learning device has not been planned systematically, clearly, and does not 
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involve the participation of the students so that the learning activities cannot yet 

facilitate the KKM of the students. Dedeh (2013) said that communication skills 

are higher order thinking skills that are important to be developed. 

 

Wahid (2012) said that KKM is one of the heart in learning, so it is necessary to 

develop and develop mathematics learning activities. Student KKM in the field 

still looks very low. This can be seen from the results of the initial KKM test 

given to 30 students. The indicators used in measuring KKM in this study are: (1) 

the ability to express daily events in mathematical language or symbols; (2) the 

ability to use terms / notations / formulas and structures to present ideas; and (3) 

draw conclusions from the solutions provided. 

 

From 30 students, there are 10 people who can determine things that are known 

and asked, 12 people who can use the terms / notations / formulas and structure 

correctly, and 10 people who are able to draw conclusions from the solutions 

provided. There are still many students who have not been able to state everyday 

events in language or mathematical symbols from the given elaboration questions. 

This shows that the learning activities designed by the teacher have not been able 

to facilitate the KKM of students. 

 

Based on the problems that have been described above, activities that can improve 

the KKM of students need to be planned properly. Anik (2017) said the learning 

tools developed are said to be of quality if they meet three criteria, namely valid, 

practical, and effective. Learning activities in the learning device are expected to 

make active student activities in learning by applying the learning model. The 

learning model used must be able to create an active interaction between students 

and students as well as students with learning objects, so that students can 

independently find the concepts of the material being taught (Miftahul et al. 

2019). Learning models that can make active student participation in learning one 

of them is the Problem Based Learning (PBL) model. Fatia (2013) said that in 

PBL students can work in groups and must identify what they know and what they 

don't know and must learn to solve problems. Learning activities in the PBL 

model will be more meaningful because students seek, find, and build their own 

knowledge so that the knowledge will be stored long in the memory of students 

(Titi et al. 2017). The purpose of this study is to develop learning tools by 

applying PBL learning models to improve KKM on valid, practical, and effective 

sequence and series material. 

 

 

2. Methodology 

 

The development model that had been used in this study was the ADDIE model. The 

ADDIE development model is an acronym for Analysis, Design, Development, 

Implementation, and Evaluation which is the stage of developing learning tools. 

Nancy et al. (2013) said that the ADDIE model is a model that can adapt very well in 

a variety of conditions. The level of flexibility of this model in answering problems 

is quite high, is effective to use, and provides a general and structured framework. 

The subjects of this study were students of class XI of SMAN 5 Pekanbaru. 
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The first stage of the ADDIE model is the analysis phase. The analysis that had been 

carried out was a performance analysis and a needs analysis. Performance analysis 

was carried out to find out the difficulties encountered by the teacher in the learning 

process. Needs analysis was done to find out the problems faced by students in 

learning. The second stage was the design stage. At this stage, the collection of 

relevant references as material to design learning tools on sequences and series were 

carried out. The design of learning tools was adapted to the Basic and Secondary 

Education Process Standards and applies PBL models and scientific approaches. 

 

The third stage was the development stage, which was the stage of producing or 

realizing syllabus, RPP, and LKPD designs that have been determined. Learning 

devices that have been produced are then validated by experts. The validation of the 

learning kit was carried out by two mathematics education lecturers and one 

mathematics teacher in grade XI of high school mathematics subject. The results of 

the validation conducted were then analyzed and revised according to the 

suggestions of the validator. 

 

The fourth stage was the implementation phase or testing of learning tools. Learning 

devices that have been said to be valid were then tested. The trial was conducted on a 

small group of 12 people with heterogeneous abilities aimed at seeing the readability 

of LKPD and large groups of 35 people who aimed to determine the level of 

practicality of the learning tools that had been developed. Andri et al. (2019) said 

that the practicality of learning tools was obtained from field trials. 

 

The fifth stage was the evaluation stage. The evaluation phase was carried out in two 

forms, namely formative and summative evaluation. Formative evaluations were 

carried out at the end of each face-to-face meeting and summative evaluations were 

carried out after the activity ends as a whole. 

 

Analysis of the data in this study was the validation sheet analysis, response 

questionnaire analysis, and analysis of KKM test results. Validation sheet analysis 

was obtained by determining the average percentage of validation from the validator. 

Table 1 is a category of learning device validity. 

 

Table 1. Categories of Validity of Learning Devices 

Validity Criteria Validity Level 

               Very Valid 

              Valid 

              Invalid 

              Invalid 

 
Response questionnaire analysis was obtained by determining the level of 

practicality, which is the score obtained divided by the highest score and 

multiplied by 100%. Table 2 is a category of learning device validity. 
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Table 2. Categories of Practicality of Learning Devices 

Practicality Criteria Practicality Level 

         Very practical 

        Practical 

        Practical enough 

        Not Practical 

       Not practical 

 

Analysis of student KKM test results was done by t test using the SPSS 23 

application, Paired-Sample t-Test. The hypothesis in the t test is H0= KKM of 

students who use learning tools that are developed no better than KKM of students 

who use conventional learning, and H1= KKM of students who use learning tools 

that are developed better than KKM of students who use conventional learning. If t 

arithmetic is greater than t table (tcount> ttable), then the null hypothesis is rejected. 

Before conducting the t test, normality test and homogeneity test were first 

performed. The normality test was carried out with the help of the SPSS 23 

computer application Kolmogorov Smirnov Test with a significance level α = 0.05. 

The hypothesis of the normality test is H0= data normally distributed, and H1= data 

not normally distributed. H0 is accepted if the significance value> 0.05. 

Homogeneity test was done using Levene test with the help of SPSS 23 application. 

The hypothesis of the homogeneity test is H0= data has homogeneous data variance, 

and H1= data has no homogeneous data variance. H0 is accepted if the significance 

value> 0.05. 

 

 

3. Results and Discussion 

 

The product taht was produced from this research is a mathematics learning kit 

consisting of syllabus, lesson plans, and LKPD of Barisan and Series material. 

The development process begins with an analysis. Performance analysis found 

that teachers tend to use tools from MGMP, peers, and others. This is because the 

teacher has not been able to develop competency achievement indicators, set 

learning objectives at each meeting, and develop learning activities that make 

students active in learning. 

 

The lesson plans and sequences used by teachers are combined into one for six 

meetings. The teacher arranges competency achievement indicators for several 

meetings and repeats the sentences in the basic competency. The formulation of 

learning objectives is combined into several meetings and does not yet contain the 

ABCD component. Learning activities are unclear and detailed so that when it 

was used by other teachers, questions will arise. Worksheets are also rarely used 

by teachers in the learning process. Teachers tend to use textbooks from school 

and worksheets provided by publishers. 

 

Needs analysis found that most students do not have a good KKM based on KKM 

indicators. Student involvement in learning mathematics is still low. Learners only 

focus on learning only 15 minutes at the beginning of learning. When teachers ask 

questions, students tend to discuss with friends. This shows that students like to 
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do a learning activity together. Therefore, learning can be done with a learning 

model that makes learning activities in groups. One learning model that can be 

used is the PBL model. PBL models provide problems at the beginning of 

learning that make students discuss to solve problems together. 

 

The next product development is designing learning devices. Learning tools that 

are designed in accordance with BC related to ranks and series and apply PBL 

models, scientific approaches and contain KKM indicators. Figure 1 is an 

example of learning activities by applying the PBL model. 

 

 

Figure 1. Problem Orientation Activities in RPP 

 

 

Figure 2. Activities Organizing Students and Guiding Group Investigations in 

RPP 

 

Figure 2 shows the KKM indicators in learning activities found in the third step of 

the PBL model namely guiding group inquiry. Students are given guidance in 

stating daily events into the language of mathematics based on the problem given. 

The ability to use terms, notations or formulas and structures to present ideas is 

done by guiding students in solving problems based on information gathering. The 

third indicator of KKM is drawing conclusions from the solutions provided, the 

results of discussions that have been conducted in groups are then guided to make 

conclusions from the results of discussions that have been obtained. By guiding 

the students, KKM obiusly can be improved. 
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Figure 3. Developing, Presenting, Analyzing and Evaluating Activities in the CSP 
 

The fivth steps of the PBL model are explained in detail and systematically in the 

lesson plan so that they are easily understood and easily implemented in learning. 

Developing the KKM is also done by designing the LKPD by applying the PBL 

model and containing the KKM indicators. Figure 4 is an example of LKPD 

development that contains KKM indicators. 

 

 

Figure 4. The First Indicator of KKM in LKPD 

 

The KKM indicator contained in Figure 4 shows students are given guidance to 

develop the ability to express everyday events into the language of mathematics. 

Students are given questions and instructions that can make students state the 

problem given in the language of mathematics. KKM indicators use terms, 

notations or formulas and structures to present ideas can be seen in Figure 5. 

 

 

Figure 5. Second Indicator of KKM in LKPD 

 

Figure 5 shows the ability to use terms, notations or formulas and structures to 

present ideas when solving problems. Students are given guidance in using 

notations and formulas and structures in steps to solve problems. The third 
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indicator is drawing conclusions from the solutions provided. Indicators drawing 

conclusions from the solutions provided can be seen in Figure 6. 

 

 

Figure 6. Third Indicator of KKM in LKPD 

 

Figure 6 shows the ability to draw conclusions from the solutions given guided by 

directing students to the conclusions of the discussion results related to problem 

solving. Guidance is done by giving questions that can lead to conclusions from 

the solutions that have been obtained through activities in LKPD. 

 

The results of the syllabus validity of the validator showed a value of 91.67% with 

very valid criteria, RPP showed a value of 91.30% with very valid criteria, and 

LKPD showed a value of 89.09% with very valid criteria, and an assessment of 

the KKM problem of 87.15% with very valid criteria. Learning devices that have 

met the valid requirements are then tested. A small group trial was conducted to 

see the readability of the LKPD that was developed. Students work to solve the 

problems that exist in LKPD with a small group of 4 people. The results of 

students' responses through the practicality questionnaire obtained a percentage of 

96.13% with very valid criteria. Most of the input and advice given from the small 

group regarding typos and the sentence sentences in the LKPD are still difficult to 

understand. These suggestions and input were revised before the large group trial. 

 

Large group trials were conducted on students consisting of 35 people from the XI 

MIPA 6th grade. Group trials were conducted using learning tools in the form of 

lesson plans and work plans in the learning activities. The results of the responses 

of students from large groups through the questionnaire practicality showed a 

percentage value of 95.71% with very practical criteria. In addition, observations 

were made by teachers of the implementation of learning activities that have been 

previously designed. Observation of the implementation of learning activities 

observed by teachers in the field of mathematics through observation sheets. 

Based on observations made by the teacher, it was found that most of the 

activities contained in the lesson plan had been carried out in accordance with the 

design that had been made in the lesson plan. The teacher's response to the 

learning device is obtained through a teacher response questionnaire with a 

percentage of 96.00% with very practical criteria. 

 

The next stage is the evaluation stage. The evaluation was carried out on the four 

previous stages by revising the learning tools and the effectiveness test was 

evaluated. The effectiveness test was conducted on the experimental class using 

the developed learning device, and the control class using the learning device of 
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the subject teacher. After learning, the students are given a KKM test to see the 

difference in the student KKM after using the developed learning tool. 

 

KKM test results of the experimental class and the control class were analyzed 

using the t test. Before conducting the t test, normality test and homogeneity test 

are first performed. The normality test is carried out by the Kolmogorov-Smirnov 

test using the SPSS 23 application. Table 3 is the normality test for the KKM test 

using the SPSS 23 application. 

 

Table 3. Test Normality Test KKM Experiment and Control Class 

Class N Average 
Standard 

Deviation 

Sig. 

(2-tailed) 
Information 

Experiment 35 81,34 7,885 0,120 Normal 

Control 35 68,29 7,683 0,070 Normal 

 

Table 3 shows the significance value of the experimental class and the control 

class greater than α = 0.05. Test the normality of the experimental class with sig 

0.120> 0.05, which means that the value of the experimental class meets the 

normal criteria. Control class normality test with a sig value of 0.070> 0.05 is said 

to be normal. Both data from the experimental class and the control class meet the 

normality assumption. Then homogeneity test is done by using SPSS 23 

application through Levene test. Table 4 is the result of homogeneity test of the 

experimental class and the control class using SPSS 23. 

 

Table 4. Homogeneity test of Experiment Class and Control Class 

Levene Statistics df1 df2 Sig. Information 

0,174 1 78 0,678 homogeneous 

 

Table 4 shows that the significance value is 0.678> 0.05, so it can be concluded 

that the variance of the experimental class posttest group and the posttest control 

class is homogeneous. Then the difference test can be done by using Paired 

Sample t-Test to determine the difference between the experimental class KKM 

and the control class. Table 5 is the t-test results of the experimental class and the 

control class. 

 

Table 5. The t test of Experiment Class and Control Class 

Posttest N Average 
Standard 

Deviation 
t df Sig. 

Control Class - Experiment 

Class 
35 13,057 6,426 12,021 34 0,000 

 

Table 5 shows the significant value of 0,000 <α = 0.05 which means that H_0 is 

rejected or H_a is accepted. Therefore, it can be concluded that the KKM of 

students after using learning tools that are developed is better than students who 

do not use the learning tools that are developed. 
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4.     Conclusion 

 

This development research produces learning tools by applying PBL models to 

improve the KKM of sequence and series material. Learning tools are said to be 

very valid, very practical, and effective after going through the validation process 

by qualified experts, and grade XI students to ensure practicality and effectiveness 

after going through the testing phase so that the KKM of students increases after 

using it. 
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