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Introduction. Mathematics is the study that is important to learn, because mathematics is the basis of any
other sciences needed in real life. In addition, learning mathematics also means learning how to solve real-world
problems. Mathematics plays a very important role in problem solving activities (Ferreira & Jacobini, 2009: 3).
O'Connell (2007) also mentioned that one of the additional values in studying mathematics is learning problem
solving which is as a tool to train students to apply problem solving skills in daily basis. Mathematics is closely related
to problem solving or it can be said that the main part of mathematics is problem solving. Pehkonen (1987) also stated
that problem solving is one part of the process of applying mathematics.

One of the mathematics materials related to problem solving is two-variable linear equation system. The study
conducted by Wulandari & Harumi (2014) revealed that students’ difficulties in solving two-variable linear equation
system are students ‘misunderstanding to the given problem, students’ error in problem solving, and not checking
after finding the solution from two-variable linear equation problem. Santoso, Nusantara, & Subanji (2013: 491) also
mentioned that students' difficulties in completing two-variable linear equation are caused by having difficulties in
determining the initial condition or initial understanding of the given problem, determining the equation of the given
problem, solving the previous equation, interpreting the solution based on the given problem, and checking the
solutions. Other difficulties in completing the two-variable linear equation are preparing problem solving, solving
mathematic operation and two-variable linear equation problem inaccurately (Wulandari, Hidayanto, & Dwiyana,
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2016), modelling in the form of variables, applying elimination and substitution method, operating addition and
subtraction, obtaining variable replacement value, and changing from variable replacement value to sentence question
based on the problems (Dewi, Susanta, & Listyorini, 2013).

Based on the interview results with teachers, students often directly use substitution and elimination method
in solving two-variable linear equation without considering preliminary requirements. The requirement in applying
substitution method is to change one of the equations into one of the variables, while the requirement in applying the
elimination method is the eliminated variables must have the same coefficient. Students’ error in using substitution
and elimination method is caused by less attention on the concept formation in students themselves. Students only
see the examples and immediately apply the latest two-variable linear equation problems with two-variable linear
equation problems that have been resolved previously without considering the process in finding the solution. As a
consequence, students will find two-variable linear equation more difficult when encountered the modified problems
even though using the same concept.

Students’ difficulties in solving two-variable linear equation also can be seen from national examination
result. Based on Educational Department data, the average score of national examination on two-variable linear
equation in the last four years in Special Regional of Yogyakarta and National can be seen in the Table 1.

Table 1. The Average Score of National Examination on Two-variable Linear Equation

Year Province Average Score National Average Score
2015/2016 64,58 55,16
2014/2015 57,42 57,17
2013/2014 55,84 59,22
2012/2013 64,91 61,31

Table 1 showed the average score of two-variable linear equation in national examination score from
2012/2013 until 2015/2016. The average score decreased from 64.91 to 55.84 in provincial level and 61.31 to 59.22
in national level in the year 2013/2014. Although in 2013/2014 and 2013/2014 were not much different, but by
2015/2016 the average score of two-variable linear equation score in national examinations had increased in the
provincial level, but has declined at the national level. In conclusion, the average score of two-variable linear equation
between provincial level and national level was not significantly different. Based on Permendikbud No.5 (Mendikbud,
2015: 9), the national examination scores were adequate if the score was greater than or equal to 70, while the average
score of the two-variable linear equation in the last four years is less than 70.

The low average score of students’ national examination in the last four years on two-variable linear equation
cannot be separated from the learning process which causes students’ difficulties in solving two-variable linear
equation problems. Some factors causing students’ difficulties are students do not understand the purpose of the
problem, students do not prepare well before the test, such as daily exam of two-variable linear equation, students do
not calculate accurately (Puspitasari, Yusmi, & Nursangaji , 2015; Rindyana & Chandra, 2012; Wulandari & Harumi,
2014), lack of student determination in learning two-variable linear equation (Puspitasari et al., 2015), students do
less practice solving various two-variable linear equation problems (Rindyana & Chandra, 2012) and students do not
really understand two-variable linear equation material during the learning process, so that students do not understand
the concepts and principles of two-variable linear equation (Puspitasari et al, 2015; Wulandari & Harumi, 2014).

Various factors that can cause the low score of national examination on two-variable linear equation can be
overcome by implementing focused learning process regularly. The learning process is conducted by considering the
learning trajectory, such as in connecting one concept to another. The mathematics learning process must be
systematic, sequential, and based on previous learning experiences (Hujodo, 1998). The common mistake that usually
found in the learning process is that the learning of certain concept is still partial, even though one concept and other
are in fact connected. Hence, it is necessary to construct learning trajectory that can be used as local theory in the
two-variable linear equation learning process. In conclusion, this study aims to find the learning trajectory of two-
variable linear equation in grade V11 in Junior High School.

Methods. This study is design research using validation studies (Nieven, Mc Kenney, van den Akker, 2006:
152) which consists of preparing for the experiment phase or preparation and design phase, design experiment,
retrospective analysis (Greivemeijer & Cobb, 2006). The hypothesis is stated in the first phase. The learning trajectory
in two-variable linear equation which is hypothesised consists of modelling and deepening algebra and one-variable
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linear equation system, modelling two-variable linear equation system, solving problem by trial and error, completing
two-variable linear equation with graphs, completing two-variable linear equation with simple substitutions, solving
problem with simple elimination, solving problem with complex elimination, completing problem in a mixed method,
and solving two-variable linear equation problems.

The experiment phase is conducted by testing the learning trajectory in mathematics learning. The learning
trajectory is structured by considering the prerequisite concepts required in two-variable linear equation learning. The
hypothesis of learning trajectory was tested in 1X grade of junior high school. The participants of this study were 14
female students. Data were collected by documentation of learning trajectory design, and observation and
documentation of learning implementation. Documentation of learning implementation included the students’
worksheet. Then, retrospective analysis was performed. Data were analysed using Milles & Huberman model using
reduction, display, and verification steps. The analysis results were then described to obtain the learning trajectory of
two-variable linear equation for junior high school based on the design and test.

Findings. Result shows that junior high school students need to master preliminary materials before start
learning two-variable linear equation. The prerequisite materials on the two-variable linear equation are algebra and
one-variable linear equations. These two prerequisite materials become the basic material and can be used to facilitate
students in mastering two-variable linear equation. Therefore, it is necessary to create a clear and directed learning
trajectory accordingly with learning objectives. This study also hypothesizes the learning trajectory considering the
cognitive load to reduce the students' difficulties in mastering two-variable linear equation material. The hypothesized
learning trajectory is to model and deepen the mastery of algebra and one-variable linear equation, model two-variable
linear equations, complete the problem using trial and error, complete two-variable linear equation using graphs,
complete two-variable linear equation using simple substitutions, solve the problem using simple elimination, conduct
complex elimination, solve the problem using mixed method, and solve two-variable linear equation problem.

The two-variable linear equation learning process does not sufficiently use designed lesson plan. Learning
process will be more effective if it is supported by supporting learning instruction on two-variable linear equation,
including lesson plan and worksheet. Lesson plan and worksheet preparation are constructed based on the designed
path. Learning process can be carried out using problem-based learning (PBL) which accompanied by worksheet.
Worksheet is constructed in English, because the participants are students in international school. The learning
process, however, was conducted using bilingual (English and Bahasa). Worksheet is designed using interesting
images downloaded from the internet (with sources included) and also adapting the latest issues from PISA. Then,
the hypothesized learning trajectory are tested to junior high school students using the designed learning plan and
worksheet. The results of the trial and analysis of each step are presented as follows.

The first step in the learning trajectory of two-variable linear equation in this research was to deepen the
mastery of student's algebraic modelling. In this step, students were invited to model algebraic problems, perform
algebraic operations such as addition, subtraction, multiplication, and division. This concept had actually been studied
by students in grade VII, but this concept needed to be reminded to reinforce students’ conceptual understanding.

Figure 1. S1°s Work in Algebra
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Figure 1 illustrated that students had been able to model algebraic modelling from real-world problems. The
first problem given to students in the form of pictures that could help students understand one-variable linear equation,
especially for students who have not really understood the concept. The modelling made by students based on the
given problem also showed that students had understood the existence of two variables which represent the different
things that could not be counted into one. One variable represented duck and another variable represented chicken.
After modelling the problem, students could perform operations on algebraic forms, such as addition. Figure 2
illustrates S9’s answer.

2L 4 ZA
ST +4A

21T 4 2A

Figure 2. S9°s Answer in Determine Algebraic Form

Figure 2 showed that student already understood if there were two equations using two different variables,
the calculation could only be calculated for the same variable. After mastering the operation of the algebraic
modelling, students solved one-variable linear equation problem. Therefore, it can be concluded that solving one-
variable linear equation becomes easier when using contextual problem.

Silva had bought a pack of chocolate. He paid $12 for 1 pack of chocolate. After
he arrived in his home, he opened the pack and he saw there was 6 bars of
chocolates. Can you help Silva to determine how much does he should pay if he
will buy 1 bar of chocolate?

= $12

www.leonidas-chocolate.com

www.sweetpetescandy.com

Figure 3. S2°s Work in the First One-variable Linear Equation Problem

The second problem given to students was the problem which presented in narration. In this case, students
not only reused the concept of algebra that had been mastered but also practiced to understand the problems in the
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context of the given problem. In this problem, students still used the concept of one variable-linear equation system.
Therefore, students were able to solve one-variable linear equation easily using contextual problem.

guava!
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Lina have 3 guavas. Her father said that if he give Lina $3, she will have $24
include the price of guavas. Please help Lina to determine the price of each

Figure 4. S6’s Work in Second the One-variable Linear Equation Problem

Students’ ability to solve one-variable linear equation presented in narration using contextual problems also
could be seen in the second problem shown in Figure 4. Students were able to solve the one-variable linear equation
problem correctly. In the first and second problems, students were still given pictures to help students understand the
problem using narration. The second problem, however, had higher difficulty level than the first problem. Figure 4
illustrates that students were demanded to better use their understanding of algebra in solving the problem.

The next step in the two-variable linear equation learning trajectory was to model some two-variable linear
equation problems. Modelling the encountered problems into two-variable linear equation would be easier when using
contextual problem, for example the book was encoded into B and pencil was encoded into P. And then, two-variable
linear equation was solved using trial and error. Using this equation system, students used various numbers indicating
the price of books and pencils until they obtained the correct number and fulfil the equation system. The example of

model preparation and student trial and error results are presented in Figure 5.
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Figure 5. Trial and Error Method in Solving the Two-variable Linear Equation Problem
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Figure 5 showed the two-variable linear equation using simple numbers, so that students were able to solve
it by trial and error. Trial and error, however, also required high- level of reasoning. It meant that not all students
could solve the problems quickly and accurately, even though using simple numbers and pictures. Students also unable
to solve the more complex two-variable linear equation problems using trial and error. A student mentioned that
“... the first case is still easy but others are difficult, especially using big number. Is there any other easier way?”

The question could be answered by taking the student to the two-variable linear equation concept with the
graph. The problems used relate to the object in daily life. Problems were presented in narration and picture to
facilitate students in understanding the problems. Based on the problem, students were asked to create two-variable
linear equation model. Similar to the previous trial and error method, the student placed the pair of points in the first
equation and the second equation, then looks for the same value in the first and second equations. The modelling
results are presented in Figure 6 and pair of points shown in Figure 7.

There are 2 types of bottles. It is known that the sum of water in 2 bottle of type
A and 2 bottles of type B is 2200 ml. But, the difference water of 1 bottle type
A and 1 bottle type B is 100 ml. How many volume is each bottle?
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Figure 6. S8’s Two-variable Linear Equation Model

Figure 6 showed that students had been able to model two forms of two-variable linear equations. Students
were able to understand the use of two variables to represent two different things. Variable A was for the first bottle
and variable B was for the second bottle. After students write two-variable linear equation model, students proceeded
to find the coordinate points that would be used in the graph making. The coordinate point was obtained by
experimenting with number which was also the solution of the first two linear equations as the first line of the graph
and the second equation as the second line. Figure 7 illustrates student's work in pairing the solution points as the
coordinate points.

Figure 7 illustrates that student had been able to use a trial and error method for a larger number than the
previous problem which used the simpler number. It also indicated that students had understood the relationship
between variables A and variable B on each two-variable linear equations. Using these points, students could describe
that variables in the graph presented in Figure 8.
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Based on case 3,

a. make system of linear equation in two variables from the case!

b. Using each of the system linear equation, can you find the coordinate points?
linear 24 +28 = 2200
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c¢.Using coordinate point, make the graphs and find out the intercept as the solution!

Figure 7. S14’s work in pairing the solution points

Using coordjnate point. make the graphs and find out the intercept as the solution!

Figure 8. S4’s in Student’s Responses Using Graph

Figure 8 showed that the intersection of the first line (from the first two-variable linear equation) to the second
line (from the second linear equation of the two variables) was the solution of the two-variable linear equation. Based
on the picture, the two lines intersected at the point (600, 500). It meant that the solution of the two-variable linear
equation was A = 600 and B = 500. In other words, the two-variable linear equation would be fulfilled when the
volume of bottle A was 600ml bottle and the volume of bottle B was 500ml. The next step in the two-variable linear
equation learning process was to complete the two-variable linear equation using simple substitutions. Problem was
presented in the illustration of sports equipment. Students were required to model the given image into the form of
two-variable linear equation system. Figure 9 depicts student’s answer in solving the problem.

Figure 9 showed that student used two variables, B for the ball and T for the stick, on the baseball game.
Result illustrated that students modelled the given problem in two-variable linear equation into 2B + T = 24 and 2T
= 20. The equation was simplified by dividing the two equations from second equation, T = 10. Then, student
substituted the results in the first equation. The result of substitution showed that B = 7. In conclusion, student could
answer the price for one ball and one stick, so that the total price was 17$ which is obtained by calculating 10$ for a
ball and 7$ for a stick.
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Figure 9. S2’s Work Using Substitution

After students capable of solving two-variable linear equation problems using graphs and substitutions, the
next step was providing two-variable linear equation problems to students to be solved using elimination. Problem
was also presented in pictures which could help the students to understand it. The elimination concept was given in

order systematically. The student’s answer is illustrated below.
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a. Can you write the linear equations in two variables based on the case 6?

b. Eliminate one of the variable (rainbow or blue pitcher) to get another! VW A Tl
Hint: 3B = It
> before doing elimination processs, make sure that coefficient of the variables are same. If they are
not same, multiply with a number. Ap= Iz
c— —
3 c

Figure 10. S2’s Work Using Simple Elimination
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Student used two variables for the given problem in Figure 10, variable A for the first pitcher and B for the
second pitcher. The concept of elimination in this problem was still simple, because students had one variable that
has the same coefficient. It allowed students using elimination, because students did not need to multiply with a
certain number to get the same coefficient on one variable. Result showed that the volume of pitcher A was 3 litter.
Based on that result, students substituted the value of A in one equations to obtain a value of B. Result showed that
the volume of pitcher B was 16/3 litter. So, it can be concluded that student could solve the problem by looking for
the volume difference between the first and second pitcher which was obtained 7/3 litter.

Figure 10 showed that students had understood the elimination concept, so that students were able to solve
the given problem. Figure 10 also showed that students combine the elimination and substitution concept. The
combination of both concepts were called mixed concepts. The elimination concept was used to obtain a value from
certain variable, then proceeded by using substitution concept to obtain values from other variables as had been done
in the previous problem. In addition, the problem also used more complex algebraic concepts than thebprevious
problem, because the answer was not an integer. In conclusion, students’ ability to count using fractions is visible.

The next step in two-variable linear equation learning process was still using the elimination method but using
more complex problems. The level of difficulty was on the elimination step to get the value of a variable. The
following problem involved the weight of two types of fish. Problems and solutions are illustrating in Figure 11.
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Figure 11. S1°s Work Using Complex Elimination

Figure 11 showed that students could solve the problem, even though the difficulty level of elimination
method application was more complex. In addition, the number used was also greater than the previous problems.
Students used the T variable for the first fish type and use B variable for the second fish type. The coefficients of the
two variables either in the first or second equations were not the same. Therefore, before students apply the method
of elimination, student had to multiply the equation by a certain number so that the same coefficient will be generated
for one of the variables to be eliminated. In Figure 11, the student chose to eliminate variable B. The student's step to
get it was to multiply 4 in the first equation to obtain the same coefficient between the first and second equations.
Furthermore, students could do the elimination as in previous problems that was by eliminating one of the variables
and get the value for another variable. The result of elimination on variable B was obtained by value for variable A
that is 300. The value of A was continued to be substituted on one equation so that the obtained value for variable B.
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Variable B obtained was 500. Based on these values, the student could solve the problem calculating the weight of
the first fish type and the second type, so that the results was 300 grams. The student's ability to solve problems in
figures 10 and 11 showed that students had fully understood the concept of two-variable linear equation using simple
or complex elimination methods and mixed methods involving elimination and substitution.

The last step in two-variable linear equation learning process was solving two-variable linear equation
problems. This last step was conducted when students had understood previous concepts such as two-variable linear
equation completion using graphical methods, substitutions, simple elimination, complex elimination, and mixed
methods. In this part, the given problem was more complex than the previous one. The problem in the last step was
no longer using pictures to illustrate the problem explicitly, but using narration that required logical reasoning. At this
stage, students were not given instructions to solve the problems as given it the elimination method. The first two-
variable linear equation problem and answer is illustrated in Figure 12.

Bill and Steve decide to spend the afternoon at an amusement park enjoving
their favorite activities, the water slide and the gigantic Ferris wheel. Their
tickets are stamped each time they slide or ride. At the end of the afternoon f/q
they have the following tickets: (G
Bill’s ticket Steve’s ticket /
— . e SRR 2
Fun Time Amusements | Fun Time Amusements i
Water Slide: ¥ ¥ Water Slide: M ¥ '/H
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b. How much does it cost to slide on the Water Slide‘$1, S
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Figure 12. The Solution of First Two-variable Linear Equation Problem

The problem given in Figure 12 asked students to understand and answer two questions. Problem solving was
not limited to graphical methods, substitutions, or elimination. Figure 12 illustrated that student chose to use a mixed
method. Students used variable W for water slide and F for Ferris wheel. The first equation obtained from Bill's ticket
was 3W + 3F = 17,7, while the second equation obtained from Steve's ticket was 2W + 3F = 15,5. A simple elimination
was used to get one of the variable values. A simple elimination was conducted by eliminating the variable F that had
the same coefficient to obtain the value W = 2.15. Furthermore, the value of W was substituted on one of the equations,
so that the value obtained was F = 3.75. Although the elimination method used was a simple elimination, but solving
the problem involves the operation of counting the decimal number. After the students got the value for each ticket,
students could answer two questions asked on the given problem which were the price for a Ferris wheel ticket and
the price of a water slide ticket.

Furthermore, students were given other more complex problems. The following problem was one of the two-
variable linear equation problems used in in the latest PISA problems. Students were asked to calculate the height of
the hexagon and rectangular arranged according to two other arrangements that had been given. Figure 13 depicts
student’s answer on solving the problem.

14
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Figure 13 depicted that student also used mixed method. The two variables used were A and B, each
representing rectangular and hexagon. The first equation was obtained from the first construction which consists of
three hexagons and three rectangles in 21 meters in height, so that the equation was 3A + 3B = 21. The second
equation was derived from the second construction which consisted of three hexagons and two rectangles totalling 19
meters in height, so the equation was 3A + 2B = 19. The answer used simple elimination, because the hexagon in
both equations was the same, so the value multiplication was not necessary. The result of the elimination of both
equations was B = 2. In other words, the height of a rectangular building was 2 meters. Based on the value of B, then
the substitution was conducted to find the value of A, which was A = 5. So the height of a hexagon was 5 meters.
After the value of the two variables was obtained, students solved the problem by calculating the height of a hexagon
and two rectangles to obtain the total height which was 9 meters.
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3. There are three towers that have different hight. They are consisted of - 2
hexagons and rectangles. How high is the shortest tower? 1At 3%
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Figure 13. The Solution of the Second Two-variable Linear Equation Problem

Students' understanding of two-variable linear equation material would increase as students encounter various
two-variable linear equation problems. Therefore, in the last step of two-variable linear equation learning process,
problem solving, there were three kinds of problems that must be solved by students. The third problem was only
presented in narration. Students not only understood the problem but also analysed the variables which would be used
and resolved as well as the core issues that must be solved according to the question. Student’s answer on the third
problem is shown in Figure 14.

The problem solved by students in figure 14 was more complex than the previous problem. Students solved
the value of each variable which had been also added by the price for 1 kg of cat food. The final question on the
problem did not lead directly to the value of the variable that would be directly answered when the two variable values
were obtained. First, student understood the problem and then proceeded by analysing which part that would be
represented by the variable. The variables were P for Persian cat and A for Angora cat. Furthermore, student must be
able to write down two-variable linear equations of the given information. After two-variable linear equation was
obtained, students began to determine the value of one of the variables. Figure 14 showed that student used
substitution, because the first equation was already in one variable, P = A + 10. The substitution of the value of P in
the second equation was 2P + 3A = 620 and A = 120. The result was then substituted on the first equation, so that P
= 130. Another difficulty level on this problem was the different time units. The question provided the information
about cat food in a day, but students were asked the total cost for cat food in a week. This part required precision and
students’ good understanding. After students got the value of each variable, then students proceeded by calculating
both equation by seven (one week equals to seven days). The result was 1750 grams or 1, 75 kg of food in a week. In
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conclusion, to answer the question, students multiplied the amount of food needed with the price of food per kg so
that the price earned was $ 35.

Dimas has two kind of cats. They are anggora and persia. Everyday, the difference of persia’s food and
anggora’s food is 10 gram. Beside that. the sum of two times of persia’s food and three times of anggora’s
food is 620 gram. They eat same kind of food. Dimas says tha(1 kg gf cat’s food is $20. How much does
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Figure 14. The solution of the Third Two-variable Linear Equation Problem

Discussions and conclusions. Two-variable linear equation for junior high school is one of the materials that
requires more effort from teachers as well as students to understand it. It can be seen from the national examinations
result that is low in last few years. Due to this condition, more attention is needed to the process of learning on two-
variable linear equation material in order to help students to understand it. The learning process based on the progress
of students' understanding which can be used in selecting and arranging instructional activities can create a more
effective mathematics learning environment (Clements & Sarama, 2013: 122). The learning process that constructs
an inseparable link between psychological and instructional development is called learning trajectory (Clements &
Sarama, 2004: 83). Learning trajectory is related to student learning objectives, students' comprehension, problems
encountered that require students to master new knowledge or concepts, and correct inaccurate understanding (Daro,
Mosher, & Corcoran, 2011: 18). In addition, Arends & Kilcher (2010: 38) also recommended learning process by
making planning and learning strategies that can connect the prerequisite knowledge with new material to be studied.
Therefore, it is necessary to design learning strategies and its learning trajectories. The learning trajectory in this study
focus on modelling and understanding algebra and one-variable linear equation system, modelling two-variable linear
equation system, solving problem by trial and error, completing two-variable linear equation with graphs, completing
two-variable linear equation with simple substitution, solving problem with simple elimination, complex elimination,
and mixed method, and solving two-variable linear equation problems.

The first step in learning trajectory is modelling and mastering algebra and one- variable linear equation
system. Algebra and one-variable linear equations system are the prerequisite materials that students must master
before starting to learn the two-variable linear equation. Prerequisite materials are used as the basis for more complex
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material. Clements & Sarama (2013) mentioned that the progress of children in the learning process is strongly
influenced by their first educational experience. In addition, Arends and Kilcher (2010: 27) stated that knowledge of
the initial material is one of the important factors in determining what students will learn. Therefore, teachers should
also have the initiative to check students' understanding of the prerequisite materials which have to be mastered before
learning two-variable linear equation. Teachers also have to provide direction and guidance for students who are still
weak in understanding the prerequisite material (Daro et al., 2011). In fact, there are few students who still do not
have the right concept on the prerequisite material. It becomes one of the causes of students’ difficulties in
understanding and solving two-variable linear equation problems. One alternative to overcome that problem is by
recalling the prerequisite material needed in studying two-variable linear equation. Aside from mastering the
prerequisite materials, learning trajectory that has a clear flow will also help students understand two-variable linear
equation concept. Hujodo (1998) stated that the process of studying mathematics must be systematic, sequential, and
based on previous learning experiences or prerequisite materials. In addition, Daro et al. (2011) also stated that
teachers are responsible for monitoring students' understanding and learning and also providing follow-up to
monitoring results by keeping learning activities in line with the learning objectives, or returning learning that has
diverged back to suit its objectives.

Despite of prerequisite materials, learning approach is also need to be considered in learning two-variable
linear equation. The approach chosen in two-variable linear equation learning process is problem based learning
(PBL) approach. The PBL approach is a learning approach that begins by providing real- world problem to students
(Tan, 2004). The aim of PBL approach is to make students get better understanding in two-variable linear equation
concept in real world and its applications.

The next step in learning trajectory of two-variable linear equation is to model the two-variable linear
equations. When students have been able to model a one-variable linear equations system, it means that student have
understood the meaning of variable and its application. Then, students learn to add one different variable in the
equation, so that it becomes two-variable linear equation. Ferreira and Jacobini (2009: 37) mentioned the importance
of students’ ability in modelling the problem, that modelling ability in mathematical problem is essential to simplify
and solve real problems. After students capable of modelling the given information into two-variable linear equation,
students try to solve it by trial and error. It trains students' cognitive abilities. In addition, by using trial and error,
students will understand which one is the problem completion and not. When students solve the problem using trial
and error, not all students get the solution right away. It takes a considerable amount of time and also possibly makes
students feeling discouraged when they have trouble in finding solutions. The next step in learning trajectory is
introducing how to solve two-variable linear equation problem using the graph method. Study conducted by Seifi,
Haghverdi, and Azizmohamadi (2012) revealed that making picture or graph can help students overcome their
difficulties in learning mathematics. By making a graph based on coordinate points that have been made, students
will be easier in determining the solution of two-variable linear equation problems. The solution is located at a point
cut between two lines formed from the two equations of two variables.

The next step in two-variable linear equation learning trajectory after solving the problem using graphical
method is solving two-variable linear equation using substitution method which substitutes one equation in a variable
and determining the value of those variables. Substitution methods have a higher difficulty level than graph methods
because it takes more students' algebraic abilities than graph methods. The method of substitution, however, can be
done with a more efficient time than the graph method. In addition, using substitution methods also minimizes errors
due to scale inaccuracies when drawing completion graphs on chart methods.

After students master the substitution method, students learn to complete two-variable linear equation using
elimination method which eliminating one of the variables to get the value of another variable. The elimination
method used in the learning trajectory begins with a simple elimination method. It is easier for students to be able to
directly eliminate one of the variables that already have the same coefficient value to get the value of another variable.
The student's difficulty level was improved as students understood and were able to complete the two-variable linear
equation using a simple elimination method. The next two-variable linear equation problem given to the student is
not two-variable linear equation that can be directly eliminated, but requires additional step by multiplying one or
both equations, so that one of the variables has the same coefficients. However, this is not a problem for students if
the students have previously understood the concept of completing two-variable linear equation using a simple
elimination method.
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The last method presented in the two-variable linear equation learning trajectory for junior high school
students after students understand the concept of the previous methods is the mixed method. Students combine the
elimination method to obtain the value of one variable and followed by substitution to get the value of the other
variables. Although there are differences in two-variable linear equation problem-solving method, it will obtain the
similar solution. The given problems are similar between methods, so that when encountering two-variable linear
equation problems, students can choose the method to be used. In addition, the concept of integer and fractional
operations is also used in two-variable linear equation regardless of the completion method used.

The final step is solving the two-variable linear equation problem. This step is given to students when the
student has understood the completion of the two-variable linear equation concept, either solving using graphical
methods, substitutions, elimination, or mixed method. The given problems have different levels of difficulty and
variation. Gooding (2009: 35) mentioned that teachers can help students solve the mathematics problems by providing
practice question to students and provide various problems that beyond the reach of students. The first problem given
in this research is presented in pictures that can enable students to directly model the two linear equations. In this
case, however, students still get help with the existence of tables that lead to the form two-variable linear equation.
Besides, in this problem the students only given the question about the value of each variable, so that when the students
get the second value of the variable then the student has answered the question of the problem. The level of difficulty
in the second problem is more complex than the first problem. The question given on the second problem is not asked
about the value of each variable but students need to recalculate according to the question given. The third problem
is more complex than the second problem. The third problem is entirely in the form of a description without illustration
or table, so that students must really understand the problem and write down the equation of the two variables based
on the information given. The absence of picture illustration is very influential on the student's effort to understand
the problem two-variable linear equation given. According to Hofe, Jordan, Hafner, Stolting, Blum & Pekrun (2008:
58), images play important roles on mathematical problems. One of them is if the image does not fit with the concept,
it will make student difficult in learning mathematics and vice versa. In addition, the use of decimal humbers and
guestions that cannot be answered directly by using the value of the obtained variables also plays an important role
in the complexity of the third problem. The research results are in line with Retnawati (2017).

Mathematical skills are great of importance to be developed at a school; the modern economy, the
management of its development, is one of the most actively developing aspects of the life of the community
(Arpentieva et al., 2019). Based on the results of students’ work in completing two-variable linear equation problems
found that it is necessary to have learning trajectory, so that students will be easier in learning the concept of two-
variable linear equation. The learning trajectory of two-variable linear equation includes modelling and deepening
algebra and one-variable linear equation system, modelling two-variable linear equation system, solving problem by
trial and error, completing two-variable linear equation with graphs, completing two-variable linear equation with
simple substitutions, solving problem with simple elimination, solving problem with complex elimination, completing
problem in a mixed method, and solving two-variable linear equation problems. In addition, learning trajectory also
requires lesson plan and worksheet that is constructed based on learning trajectory as learning instruction to support
learning implementation in understanding two-variable linear equation concept.

Cite this article as: Retnawati H., Sulistyaningsih E., Rasmuin R. (2020), How to Teach Mathematical
Concept Easily? (Learning Trajectory of Two-Variable Linear Equation System Topic in Junior High
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