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Abstract. Many mathematical topics taught in schools have similarities in the structure
of the problem, and the material is taught closely. Students often make mistakes in
determining the problem solving method so that the answer is wrong. This error occurs
because of the mixing of two knowledge that is close together so that someone is wrong
in recalling the knowledge that should be used. In information processing theory, the
event can be called interference. This paper will discuss how interference occurs in
students' thinking processes when they solve mathematical problems. Subjects in this
study were fourth semester students at one of the private universities in Yogyakarta
selected purposively. This study uses an explorative qualitative approach, where
researchers try to explore the process of the occurrence of student interference in solving
mathematical problems. The findings of this study are that students experience semantic
interference when changing word problem to mathematical models and when interpreting
the answers obtained. In addition, students also experience procedural interference when
choosing strategies to solve problems, resulting in incorrect answers.
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1 Introduction

The topic of the proportion taught at junior high school starts from the proportion of two
quantities, direct proportion, and inverse proportion. Each of these topics has keywords and
characteristics that distinguish each type of proportion. In general, proportion is written in

form of %:5 where a and c are the values of a variable, b and d are the values of other

variables [1]-[3]. In addition to this form, a proportion can also be presented in the form of
y=mx,m=0 [4]. Because the presentation is diverse, many students have difficulty
understanding the concept of proportion [5]. In addition, the difficulty of students in
understanding the concept of proportion is that they relate the concepts of propositions in their
daily lives such as: speed, measurement, congruence, geometry, trigonometry [6]-[8]. Many
math teachers teach proportions only emphasize the procedure according to what is written in
the book. Moreover, math books used in schools contain formal rules for solving problems.
Correspondingly, in general teachers only teach proportions by applying cross-multiplication
rules to solve proportion problems [6]. When students apply the procedures taught by the
teacher, and find the answers, they don't necessarily understand what is written. The use of
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procedures will only help students to find answers, but not for understanding concepts [9]. An
understanding of the concept of proportions is important for studying other mathematical
concepts, such as: congruency, area and volume, measurement, trigonometry, and algebra
[10], [11].

The complexity of the problem of proportion because in proportion can be associated with
other material. But the problem is that students are unable to associate / establish connections
between knowledge proportions and others [3], [12]. As a result, students have difficulty when
they solve problems. Difficulties experienced by students in the matter of proportion are
varied. The findings of previous studies show that students find it difficult to differentiate
between proportion and non-proportion problems [13], [14]. Whereas other studies found that
students solved the addition problem using the proportion method and used the addition
method in the proportion problem [15]. In addition, students also have difficulties in resolving
direct and inverse proportion problems [16], [17].

In the direct proportion and inverse proportion problems, both of them have characteristics
and keywords that distinguish one another. It's just that students sometimes struggle when
solving direct and inverse proportion problems. Difficulties experienced by students include:
students have difficulty connecting two quantities, procedural errors, and difficulties in
choosing the right strategy [18]. While the findings of other studies indicate that students do
not understand the use of variables, students do not understand the use of formulas, students
do not understand keywords on the problem, students do not understand the problem, students
do not understand how to simplify the form of division, and do not interpret the relationship of
proportions correctly [19].

The difficulties experienced by students are likely to occur because of the similarity in the
structure of the problem between direct and inverse proportion. Because of the similarity of
the structure of the problem, there is a possibility that students have difficulty distinguishing
clearly the two problems. This is supported by the learning process in class which usually
learns one type of proportion first and does not present all types of proportions together. As a
result, when students are faced with inverse proportion problems, they solve with the concept
of direct proportion, or vice versa. This disorder is called thinking interference.

Interference is one of the basic problems that a person has [20], [21]. Interference can
cause someone to forget. Interference occurs when students have the construction of two or
more different concepts in which two or more concepts are interrelated [22]. Interference is
distinguished based on the time information is received, namely proactive interference and
retroactive interference [21]. Proactive interference occurs when information that previously
disturbed / damaged new information. While retrospective interference occurs when new
information interferes / damages the previous information. Several other studies distinguish
interference into two types, namely stimulus interference and response interference [23].
Stimulus interference is a disorder in which a person is unable to understand various
information that is known, where various information is similar. Whereas response
interference is a disturbance that arises when students respond / reaction to the problem at
hand. In addition, there is also semantic interference, namely the meaning disturbance in the
form of expansion and narrowing of meaning [24], [25].



2 Research Method

This study involved 120 students from the fourth semester Mathematics Education
program, 2016/2017 academic year at Private Universities in the city of Yogyakarta. The
student has taken education from elementary to high school, including vocational schools
(with concentration: accounting, health, marketing, computer and network engineering, etc.).
Thus, student input in the school year is very diverse and can be said to be in the second level.
All students were given a matter of proportions, as in Table 1. Then, they worked on the
question on the paper that had been provided for 20 minutes. After that, researchers examined
their answers. The researcher separates the right answer and the wrong answer. From the
student's work, the researcher chose the wrong answer because the researcher wanted to know
the mistakes made by students when solving the problem. The researcher chooses the subject
by considering several things, including: communication skills, unique answers, and
suggestions from several lecturers. The uniqueness of the answers chosen by the researcher is
the answers that use non-proportional methods to solve the problem of proportions, the use of
unusual proportional relationships, and the incompatibility between the questions and the
answers written. Based on these criteria, researchers obtained three research subjects. Of the
three students, the researchers conducted interviews one by one to explore in-depth
information related to their work. On average, researchers need about 20-30 minutes to
interview a student. The goal is to find out why they are wrong in solving problems and why
they use the strategies they choose. In the end, researchers can find out students' mistakes in
solving the problem of proportion.

Table 1. Problem

Question
Mrs. Tumini needs 90 meatballs and 3 kg noodles to make 30
portions of meatballs. How many meatballs and noodles are needed
to make 100 servings of meatballs?

3 Result and Discussion

2.1 Result

After examining the work of students, the researchers found that 85% of students were unable
to answer correctly for questions A and 55% for questions B. From these facts, it showed that
students had difficulties in solving the problem of proportion. Uniquely, there are some
students who use elimination and substitution to solve the problem of proportion. It is known
that the method of elimination and substitution is often used to solve the problem of the
system of linear equations (non-proportions). In fact, the question given by researchers is a
matter of proportion. These findings are like the findings of previous studies which showed
that students used non-standard methods (additive, affine, multiplication) to solve the problem
of proportion [13]-[15], [26], [27]. Students use the elimination and substitution method
because they assume that the two quantities in the problem are two variables. Because there
are two variables, the problem is considered a matter of the two-variable linear equation
system. So they use elimination and substitution methods.



If this is seen from the information processing theory [28], [29] it can be said that when the
subject is given an external stimulus in the form of a problem, the subject reads the problem
and tries to understand it as the register stage and initial processing. Furthermore, the subject
recalled the knowledge gained while studying at the junior high school level. Supposedly, the
subject uses the concept of proportion but what happens is another thing that is the concept of
the two-variable linear equation system that is called. If viewed based on time, the subject can
be said to experience retroactive interference, because the material of proportion is taught first
rather than the material of the two-variable linear equation system. However, if observed more
deeply, the proportion of material was taught in grade VII of junior high school, while the
material of linear equation system of two variables was taught in grade VIII of junior high
school. So it will be difficult if students have to call it retroactive interference because the two
materials are not close together. But if researchers look at different sides such as how to
choose a problem solving strategy conducted by the subject, the subject chooses a strategy to
use elimination and substitution rather than using proportions, then it can be said that the
subject is experiencing procedural interference. Procedure interference is a disorder that
occurs as a result of the mixing of two procedures that have similarities with one another (see
Figure 1).
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Figure 1. The Interference Procedure
In addition to procedure interference, the researcher also found that the subject was unable to
change the sentence in the matter of being a mathematical model. In Figure 2, the subject
writes 90x + 3y = 30; x + y = 100, where x represents meatballs and y represents
noodles. Does x + y = 100 represent the sentence ‘how many meatballs and noodles are
needed to make 100 servings of meatballs?' If x + y = 100 is changed to a sentence
according to the context of the problem, then the meaning is' requires 1 noodle and 1 meatball
to make 100 portion. 'This is the concern of the researcher. Another case is when the
researcher gives a question to the seventh grade junior high school students, then the subject
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Figure 2. The work of Junior High School Students

From Figure 2, it can be seen that the subject uses the ‘X' to represent three different things,
namely: cross multiplication, variables, and multiplication. This means that the "x" sign has
three different meanings, whereas in the previous case, " x+y=100" is not a mathematical
model of "how many meatballs and noodles are needed to make 100 servings of meatballs?"
This results in multiple meanings and can cause disruption in understanding concepts and in
solving problems. Conditions like this can be said to be semantic interference, namely
interference that occurs because there is a change in meaning when the sentences in the
problem are changed to a mathematical model or a sign / word that has more than one
meaning that can damage / disturb.

2.2 Discussion

The problem of proportion is a complex problem and can be found in various conditions, such
as: speed, making bread, measuring, making drinks [6]. This makes students have to think
deeply to solve it. Usually, the problem of the proportion presented by teachers in schools is
only the proportion of one thing (single proportion). Suppose Susi bought 2 notebooks for Rp
4,500.00. How much money should Susi pay if she buys 7 notebooks? Of course this kind of
problem is easily obtained. In this study, the researcher presents the problem of proportion
with three quantities at once (multiple proportions), namely meatballs, noodles and servings.

According to Figure 3, the subject did not use the proportion method to solve the problem. He
actually uses the method of elimination and substitution to solve the problem of proportion.
This is a unique phenomenon, that students use non-proportional ways to solve the problem of
proportion [13], [15]. From the subject's work, he obtained the answers x=-3.1and y =103
(see Figure 3). At the beginning of the work, the subject performs an example, namely by
using the variable x for meatballs and the variable y for noodles. So, 90 meatballs and 3 kg
noodles to make 30 servings of meatballs are changed to 90x+3y=30, and the meatballs and
noodles needed to make 100 portions of meatballs are changed to x+y=100. Then, from the
existing equation, the system is formed of a linear equation system of two variables (LESTV).
After using the elimination and substitution method x=-3.1and y=103 were found.
According to him, the interpretation x=-3.1and y=103 was to make 100 servings of

meatballs requiring -3,1 meatballs and 103 noodles. From the interpretation of the answers
obtained, it can be seen that the subject is merely answering the question by performing an
imitation procedure [30]-[32]. He does not reflect on what he has done. Could meatballs
amount to -3.1?
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FIGURE 3. Subject 1’s Work
To dig further information, researchers conducted interviews with the subject about the
answers to the questions given. The fragments of interviews conducted by the researcher can
be seen as shown in Figure 4.
Researcher : This second question is included in what subject matter?

Subjek : Linear Equation System of Two Variables, sir.

Researcher : Why?

Subjek : Because there are two variables, meatballs and noodles..

Researcher : Because there are two variables, then use
LESTV??

Subjek : Yes, as far as | know, sir.

Researcher : Why did the first question not use LESTV?

Subjek : mmm, the first question is about the proportion.

Researcher :Whatdoesx = —3,1and y = 103 mean?

Subjek : Variable x is the number of meatballs and the
variable y is the number of noodles needed for
100 portions

Researcher : Are there many negative meatballs?

Subjek : mmm, yes sir

Researcher : Can it?

Subjek : No Sir

Researcher : Then?

Subjek : I’'m confused, sir..

.FIGURE 4. The Interview of the Researcher with Subjek 1

From the interview in Figure 4, the subject understands the problem of proportion as a
problem of Linear Equation System of Two Variables. He considers that meatballs and
noodles are two variables so that in problem solving planning, subject 1 uses elimination and
substitution methods to find the values of x and y. After obtaining the values x=-3.1and



y =103, subject 1 does not reflect his work. Are the values x=-3.1and y=103fulfilling the
existing equation? Could it be that x is negative? When the Researcher asks why x is negative,
the subject cannot answer correctly.

In problem B, subject 2 worked on the given question as the method carried out by subject 1
was by elimination and substitution method. At that time, he used a two-variable linear
equation system to answer questions. The difference between the two answers given by
subject 1 and subject 2 was in the x value. Subject 1 got the value x=-3.1, while subject 2
obtained x value of 3.1 = 3. If seen in Figure 4, the work step written by subject 2 is
3x+3y=300—(90x+3y=30). Based on this step, he should get —87x=270, and x=-3.1. This

means that in addition to understanding the proportion that has not been good, subject 2 has an
understanding of the operation of algebraic forms that are not good too. To understand the
proportions, it is necessary to understand the fractions and algebraic reasoning well [33], [34].
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FIGURE 5. Subject 2’s Work

Researcher conducts an interview with subject 2 about work on the second question. The
fragment of the interview can be seen as in Figure 6.
Researcher : Why do you use LESTV?

Subjek : Because there are two things, meatballs and
noodles.

Researcher : 87x =270, how did you get it?

Subjek : From 3x + 3y = 300 substracted by 90x +3y = 30.

Researcher : Isit right?

Subjek : mmm, it supposed to be -87x sir.

Researcher : Why did you write 87x?

Subjek . In order the value of x would not be negative, Sir.

FIGURE 6. The Interview of the Researcher with Subjek 2
Subject 2 realized that he made a mistake when writing 87x=270. He wrote 87x=270to avoid
negative x values. He is aware that the value of x cannot be negative. However, he is like
subject 1, using LESTYV to solve the problem of proportions with two objects.
The problem of proportions is very closely related to problems in everyday life as described
by [5], [35]. To understand the problem of proportions is not easy [36]. The problem of
proportion is a complex problem and this problem is the basis for understanding the concept of
algebra [37]. The complexity of the problems that occur in the topic of proportion because in
the topic of proportion can be related to other material. The findings of this research support
the previous research that found that many students were wrong in solving problems because
they did not understand the problem and inaccuracy in choosing a problem solving strategy
[13], [38]-[40]. In addition, the findings of this research are that students experience
procedural interference and semantic interference when solving problems. Procedure



interference is a disturbance that occurs due to the mixing of two procedures that have
similarities with one another. While semantic interference occurs because there is a change in
meaning when the sentence that is in the problem is converted into a mathematical model or
one sign / word has more than one meaning that can be destructive / disturbing. Pre-service
teachers are the next generation of teachers who will teach students at school. If the teacher
has a superficial understanding of the concept of proportion, of course the student also
experiences the same thing. Therefore, the pre-service teachers need to review the lessons in
elementary, middle and high school.

4 Conclusion

Based on the results of data collection analysis, it can be concluded that students have
different errors. Students have difficulties in solving unusual problems. This is a result of
routine procedures and formal rules that are always used to solve the problem of proportion.
Students experience difficulties in understanding problems, as a result, they are unable to
solve problems correctly. They are not able to solve the problem because they only implement
routine procedures taught by the teacher while in junior high school and math books. In
addition, students also have difficulty in choosing a problem solving strategy. This happens
because the structure of the problem given by the researcher is different from what is usually
found in textbooks. In carrying out problem-solving strategies, students do not understand the
relationship of the proportion that he is constructing. But by calculation, students are able to
do it well. In addition, the subject is not able to interpret the results of the calculation into the
problem. The subjects also did not reflect on their work, so they did not know whether the
answers they produced were relevant or not.

Errors made by students in solving the problem of proportion are different. Although the
number of subjects in this research is only two, this can describe the condition of students'
proportional reasoning with characteristics such as this research. This needs to be a concern
for lecturers and educational developers, especially those who are in direct contact with
universities that get student input as in this research, so that they can help teachers and
students to improve proportional reasoning. This research is the starting point for conducting
research on disruption of proportional reasoning construction. Errors made by students can
occur because of a failure to recall the knowledge they have because of interference. The
findings of this research are expected to be used as a basis for developing a proportional
reasoning handbook, in order to minimize errors and interference in constructing proportional
reasoning.The heading should be treated as a 3" level heading and should not be assigned
a number.
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