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Abstract. This paper discusses the importance of designing mathematics learning for
technology vocational school students. The two-variable linear equation system is one of
the topics taught to students in vocational schools. Learning the topic of two-variable linear
equation systems has been designed by linking problems to the mechanical and automotive
engineering expertise program. This is done so students are aware of learning mathematics
needs, especially SPLDV material. This learning design has been developed through a
research development involving 42 students from SMK 1 Padang. Data were collected
through observation, interviews, field notes and analysis of test results. The results of this
study indicating the SPLDV learning design linking problems to the mechanical and
automotive engineering expertise program can help students develop their problem
mathematics skills. Through this research, it is also known that this learning design has
also been able to increase the interest of vocational school students towards mathematics.
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1 Introduction

Vocational schools are formal educational institutions whose aim is to prepare students to
work immediately after completing their education. This is stated in government regulation No.
20 of 2003 article 15 which states that "Vocational education is secondary education that
prepares students primarily to work in certain fields" [1]. But in reality in recent years vocational
school students are the biggest contributor to unemployment. Based on data from the Central
Statistics Agency (BPS) as of February 2019, the percentage of Open Unemployment Rate
for vocational schools is the highest 8.63% compared to the others. This should be a concern of
the government because this trend is repeated every year [2].

In order to compete in the world of work, there are at least ten skills that must be possessed
by every graduate of a vocational school. These skills are 1) Critical Thinking, 2)
Communications, 3) Access, analyze, synthesize information, 4) Creative and innovative, 5)
Leadership, 6) ability to adaptts, 7) Collaborations with the other, 8) Public speaking, 9 ) Time
management, 10) Networking, [3]. All of these skills can actually be trained through learning
mathematics. Because all of these skills correspond to the learning objectives of the Jama'at in
high school.
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In order to be able to practice all of these skills, designed learning should facilitate students
to be directly involved in the learning process. The two-variable linear equation system
(SPLDV) is one of the topics in mathematics taught in vocational schools. Several studies [3],
[4], [5], mention students often have difficulty in understanding problems related to SPLDV.
According to research that has been done, the difficulties experienced by vocational school
students in completing SPLDV are difficulty understanding symbols, difficulties in the
process, and difficulties in calculation [3]. Problems in SPLDV are often presented in the form
of contextual problems. Difficulties in symbols can occur because in SPLDV learning, it often
starts by giving a general form of SPLDV. Figure 1 is showing how to deliver SPLDV material
contained in vocational school mathematics textbooks [4].
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Fig. 1. Presentation of SPLDV in the SMK mathematics textbooks.

This form is not meaningful for students, so when faced with real context problems,
students have difficulty turning these problems into mathematical symbols. The presentation
only requires students to memorize, whereas in the vocational field students are often faced with
problems that cannot be solved by memorization. Memorized learning will not be able to
practice the abilities demanded by the world of work. Based on the vocational school
mathematics textbooks [4] the training presentation for SPLDV material is shown in Figure 2.
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Fig. 2. Training presentation for SPLDV material.

It appears that the questions given are too general not related to the existing expertise
program in vocational schools. This is the reason why students do not like mathematics, because
they do not see the benefits of learning mathematics for their expertise program [5] [6]. Some
studies mention that students' mathematical problem solving ability is a problem that needs
attention [7], [8], [9], and is classified as a very poor condition in mathematics learning [10],
[11], [12]. Some studies suggest that the problem-solving ability is an ability that still requires



attention, because this ability is still relatively low. For this reason, it is necessary to design
learning that will develop the various skills needed to enter the workforce and increase
vocational school students' interest in mathematics.

2 Research Methods

This study uses a development research plan from Plomp which consists of three stages
[13]. The Plom model was chosen, because in the development of SPLDV topic learning design
begins with gathering initial information related to existing SPLDV learning design and
implemented in vocational schools. Subsequently an assessment was made of the linkages of
SPLDV material with subjects of mechanical and automotive engineering expertise programs.
These two activities are included in the preliminary research stage of the Plomp model [13]. The
next stage is the development of learning design, which refers to the results of the preliminary
stage.

The SPLDV learning design begins by raising issues related to the mechanical and
automotive engineering expertise program. In this design students are guided to discover the
SPLDV concept, by asking questions (scaffolding). Furthermore, the design results were tested
in two stages. In the small group stage, 9 class X students of SMK 1 Padang Indonesia were
involved, and 32 class X students from the same school were involved in the field test stage.
Through research also examined the impact of this design on the problem-solving abilities of
class X students of the mechanical engineering skills program that was the research sample.

3 Results and Discussion

The SPLDV learning plan was validated to three mathematics education experts before
being tested. The results shown are, the SPLDV learning design meets valid criteria [14], with
the proposed contextual problem characteristics closely related to the daily problems of students
in mechanical and automotive engineering expertise programs, this can trigger student interest
in trying to solve problems. Activities in the design are arranged systematically so that it can
lead students to find the SPLDV concept. The steps in the learning design allow students to
develop problem solving abilities [15]. At the end of the learning steps students are given
exercises related to the expertise program and also the general form of SPLDV as contained in
vocational school mathematics books in general.

The SPLDV learning design is also categorized as practical, students can understand the
problems posed because they are close to their happiness, the steps that are designed make it
easier for students to carry out activities to get the SPLDV concept. The time provided for
students to solve each problem in this design is clearly specified. Figure 3, is an example of a
problem given to direct students to get the general form of SPLDV. This issue is directly
related to the topics in the mechanical and automotive engineering expertise program.
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Fig. 3. Examples of mechanical engineering problems to understand the SPLDV concept.
Based on these problems students are guided through questions that will lead them to the

SPLDV concept. Figure 4 is an example of students' answers in finding the general form of
SPLDV.

Gty o1 bordh don 9t aks kering digungkon selama 4y bulah
dus atr beh den atu akbi temg d«y.momn sebina €& (ih

, . . 3. Sgposeamet betteryisx dy bettery isy, write Goun the mathenaticd
2. Write the problem cbove o on equetion i e oo

[ st tamh # 1 gt Ferey » 4 byl / [ xegrue

/
2 00000k 4 ) 8 kg » £ B0 v

7"’:{‘;“
4. Write down the problems that must be solved from the problem abowe!

I kaan wmasing-mafia 1§
L ? ,‘lma h o masing - m gJYn
brseput

Fig. 4. Examples of students' answers in finding the SPLDV concept.

Based on the students' answers, it appears that the activity designed has led students to
understand problems, change problems into mathematical models, and understand what needs
to be solved in those problems. This will train students' problem solving skills. Through
discussion activities, students were also enthusiastic in learning mathematics. Figure 5 below
presents the problems given after students understand the SPLDV concept.



At the workshop "Majy Java” there aie two Avanza cars using different fuels, namely
Pentalite and Premuump. The two cars have the same problem, which is wasteful in fuel
consumption. From the explanation of the car owner, the data 13 obtained as follows
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To solve the probiem in both cars, the mechanics make improvements to the fuel system by
cleaning the carburetor and air filter. After repairing. the fuel consumption data is obtained as
shown in the following table:
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Fig. 5. Example of contextual problems related to SPLDV.

In this section students are given the opportunity to solve these problems by answering
several referral questions. One example of student answers is shown in Figure 6 below.
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Fig. 6. Examples of student answers related to the contextual problems of mechanical engineering.

Based on the answers given in Figure 6, students can change contextual problems into a
table, which means they have understood the problem (the answer to question a). In part b,
students demonstrate their ability to convert problems into the form of equations, meaning that
they find a simple form of the problem given. In section c students make a mathematical
model for the problem, this will lead him to find a solution strategy. In parts d and e, students
use one of the strategies in problem solving. In part f, students can return information from
mathematical calculations that they get into solving real problems. These results indicate that



the SPLDV learning design that has been developed has the potential to improve the problem-
solving abilities of vocational school students. Based on observations during the course of the
study it was also known that the problems associated with vocational school student expertise
programs could motivate students to learn mathematics.

Through experiments it is known that the average problem solving ability test of students
who learn to use the SPLDV learning design that is designed better than the average problem
solving ability test of students who learn conventionally. In the experimental class there were
73.13% of students who were classified as complete, while students in control class only 33%
were complete. These results indicate that the SPLDV learning design that has been developed
through this research has effectively achieved the objectives formulated at the beginning of
the study.

4 Conclusions

The learning design for the SPLDV topic uses problems based on vocational school
expertise programs developed in this study that have met the valid, practical and effective
criteria. This research uses research design from Plomp, this design is proven to help the
achievement of research objectives. The SPLDV learning design can be used in teaching
SPLDV in mechanical engineering and automotive engineering programs. So far the SPLDV
learning design that has been developed can help improve the problem solving skills of
vocational school students, and foster their motivation to learn mathematics.
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