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Abstract

The ability to solve mathematical problems is very important in learning math and everyday
life. According to Krulik & Rudnick there are 5 stages of problem solving that is Read, Explore, Select
A Strategy, Solve And Look Back. Mathematical problems require multiple representational skills to
communicate problems, one of which is visual representation. Trigonometry is one of the materials
that uses visual representation. This research is a qualitative descriptive research that aims to describe
the ability of problem solving mathematics with Krulik & Rudnick stages in terms of visual
representation. The study was conducted in MAN 2 Brebes. Determination of Subjects in this study
using Purposive Sampling. Research instruments used to obtain the required data are visual
representation and problem-solving tests, and interview guidelines. The data obtained were analyzed
based on the Krulik & Rudnick problem solving indicator. Subjects in this study were subjects with
moderate visual representation. Based on the results, problem solving ability of the subject is not fully
fulfilled. Subjects with visual representations are able to do problem solving well that is solving the
problem through a concept that is understood without visualization of the image. Subjects with visual
representations are having a schematic visual representation type.
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INTRODUCTION

Problems are things that students
definitely encounter in learning. One important
aspect that needs to be known by the teacher
in the success of a learning is to know the
students' ability to solve a problem.

One of the subjects taught in schools
in the education curriculum is mathematics.
Mathematics is a subject that is still considered

mathematical problems because they are still
fixated in mathematical formulas. Based on
preliminary studies conducted by researchers
that the material in mathematics learning in
schools which is still considered difficult by
students is trigonometry. In line with the
results of research conducted by Listiyana
(2012) shows that students tend to have
difficulties in communicating what is known

difficult by students. Complaints and
disappointments towards the results
achieved by students in mathematics are still
often expressed and in general students say
mathematics is a difficult and tedious lesson
because it has to deal with formulas that are
difficult to remember in solving mathematical
problems (Nawi, 2012 : 82). It shows that
students still feel difficulties in solving

and asked about trigonometric problems.
The problems raised in this study prove that
students need to improve the ability to
communicate everything that is known and
asked by connecting the knowledge that was
previously owned to solve the problem.

The ability of students to communicate
something in problem solving is called
representation ability (Sabirin, 2014 : 33).
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Furthermore, Sabirin explained that the
representation abilities possessed by students
can make problems that originally seemed
difficult and complicated to be easier and
simpler. Representation is very instrumental
in mathematics, namely to simplify problems
and solve problems (Mulyati, 2016).
Besides that, representation is also useful to
help students make mathematical ideas more
concrete (Rezeki, 2017). Mathematical
learning should further enhance the ability
of mathematical representation in order to
easily solve mathematical problems. Students
should also improve their ability to solve
math problems in the form of problem
solving given because the current curriculum
requires students to solve more complicated
problems, therefore students must also
improve their abilities in problem solving.
Complicated in this case are questions that
students have never found before. Mathematical
problems that are considered complicated
require solutions to solve them.

Krulik and Rudnick define problem
solving as follows: Problem solving is a process.
It is the means by which an individual uses
previously acquired knowledge, skills, and
understanding to satisfy the demands of an
unfamiliar situation (Krulik & Rudnick,
1988). that problem solving is a process.
Furthermore, Krulik and Rudnick explained
that problem solving is a means of an
individual who uses prior knowledge, skills
and understanding to meet the demands of
unusual circumstances. This shows that
problems that have never been found make
students go through a long process to get a
solution where students must use the
knowledge, skills and understanding that
have been obtained previously.

Mathematics is one of the fields of
science that can form critical, creative, logical
and systematic thinking patterns, as well as
the ability to use mathematics in problem
solving (Rosanti, Rizal, & Ismaimuza, t.t.). The
mindset that is formed is inseparable from
positive habits that are always carried out by
students such as practicing solving
mathematical problems. The problems in
mathematics learning can be in the form of
math problems that require students to use
some of their representational abilities. The
ability of representation can be classified
into three, namely 1) visual representations
(pictures, diagrams, graphs, or tables), 2)
symbolic representations (mathematical
statements / mathematical notations, numerical /
algebraic symbols), and 3) verbal
representations (written texts) (Gordah &
Fadillah, 2014). As with trigonometry
material, the representation ability developed
by students one of them is visual representation.

Hudiono's research (2010) states that
students' mathematical representation ability
is still low. The low ability of mathematical
representation is mainly visual representation
because students tend to be difficult to
represent mathematics subjects into graphs,
pictures, or diagrams because students tend
to use the left brain rather than the right brain.

The solution that can be used is to
know in advance how the steps or stages of
students in solving a problem. There were
three experts who formulated the problem
solving stages namely John Dewey, George
Polya and Krulik & Rudnick. Carson (2007)
presents the stages of problem solving
according to the three experts in the table 1
below:

Table 1. Stages of Problem Solving According to the Three Experts

steps John Dewey (1933) George Polya (1988) Krulik & Rudnick (1980)
In problem | Confront Problem Understanding the problem | Read
solving Diagnose or Define Problem ﬁ Explore
Inventory Several Solutions Devising a plan Select A Strategy
Test Consequences Carrying out the plan Solve
looking back Look Back

Source : (Carson)
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The difference in the three stages of
problem solving can be seen in table 1. In
this study the problem solving stages used
are the Krulik & Rudnick solving stages. At
the Krulik & Rudnick stage, it is different
from the other two stages, there are five
stages. The five stages in table 1 show that
the Krulik & Rudnick stages unite both
Dewey and Polya's problem solving stages,
in addition to the more detailed and coherent
stages. The stages of problem solving proposed
by Krulik & Rudnick, (1988) are: (1) read,
(2) explore (3), select a strategy, (4) solve ,
and (5) Look Back. After knowing the stages
or steps of students in problem solving, then a
solution can be found to solve mathematical

problems by using the ability of visual
representation possessed by students in
trigonometric materials.

Hegarty & Kozhevnikov (1999)
states that there are two types of visual
representations related to student success in
solving mathematical problems, namely (a)
pictorial representations (pictures), visual
displays of the objects described, and (b)
schematic representations (schemes) , describe
spatial relationships. Based on this description,
the selection of students with visual
representations is being associated with the
type of visual representation mentioned by
Hegarty & Kohzenikov as follows on the
table 2 below:

Table 2. Visual Representation Type Indicators

Visual Indicator according to Hegarty & Explanation
Representation Kohzenikov
Schematic the student drew a diagram, used o Describe a diagram / use cues that show

gestures showing the spatial relations spatial relationships between objects in a
between objects in a problem in problem in explaining the solution strategy,
explaining their solution strategy, or or describe the spatial image of the
reported a spatial image of the relationship stated in the problem.
relations expressed in the problem.

Pictorial the student reported an image of the e Describe the object or person referred to in a

objects or persons referred to in a
problem, rather than the relations
between these objects.

problem, and not the relationship between
these objects.

Source : (Hegarty & Kozhevnikov)

Table 2 explains that the type of pictorial
visual representation is different from the
schematic, which is to describe the object image
in the problem. Whereas in trigonometry
subjects, more visual representations are
needed to communicate students' understanding
of questions with image objects and also
require other mathematical skills.

Based on the description, the purpose
of this article is to find out and describe
from each stage the profile of students'
problem solving abilities based on the
medium visual representations that students
have. After the problem solving is known at
each stage, the writer also analyzes the type
of visual representation of the subject.

METHOD

This research is a qualitative descriptive
study. This research was conducted in MAN

2 Brebes, in the even semester of 2016/2017
school year. Subjects in this study were one
student of class X MIPA 4 MAN 2 Brebes
who had moderate representation abilities.
Determination of research subjects using
purposive sampling. To determine students
with moderate visual representation abilities,
students from class X MIPA 4 were asked to
complete visual representation test questions,
then the researcher analyzed the results of
visual representation tests using a visual
representation indicator, the test was
conducted on May 22, 2017. In this study
the data obtained were problem solving tests
on trigonometric material from the subject
and interview transcripts of researchers with
research subjects. Test problem solving ability
test instrument given to research subjects in
the form of questions on trigonometric
material with answer sheets made according
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to the problem solving stages of Krulik &
Rudnick. The implementation of data collection
with tests of mathematical problem solving
skills and interviews was conducted for two
days, namely on May 24 and 26, 2017. The
data in this study were collected directly by
researchers, so the main instrument in this
study was the researcher himself.

Data analysis techniques in this study
using the Miles & Huberman model which
consists of 3 stages (Agustinova, 2015),
namely:

1. Data reduction stage

a. Correcting student work results from
visual representation tests which are then
grouped into high, medium and low
based on visual representation indicators.

b. After being grouped, from each group
one student was taken to be the subject of
the research for further problem solving
tests.

c. Studying student work results and
making initial notes to be used as
interview  material, raw data is

transformed into notes as material for
interviews.

d. Arrange the results of interviews with
good language then processed into data
that is ready for use.

2. Data presentation stage (data display),

The data presented in the form of
student work results, data from interviews
and the results of the analysis of students'
problem solving abilities of each research
subject which is the findings data. Findings
data in the form of mathematical problem
solving abilities based on visual representations
of each subject and analyzing the type of
visual representation that is owned by the
subject.

3. Stage of conclusions (conclusion drawing/
verification)

In this study, verification is done by
comparing the results of students ‘work in
problem solving tests and the results of
interviews and then can be concluded how
students' mathematical problem solving
skills. The researcher also identifies the type

of visual representation that is owned by the
subject based on the results of the analysis
of tests and interviews.

The results of the analysis of the
written test data and interview data were
reviewed to get valid data. Triangulation
that is used using triangulation method is by
comparing the results of the written test
results and data from the interview. Valid
data is used to determine the mathematical
problem solving ability of the subject.

RESULTS AND DISCUSSION

The research subject was determined
based on the results of the visual
representation test on class X MIPA 4 MAN
2 Brebes. The visual representation test
results are analyzed based on the visual
representation indicator that has been
determined by the researcher and then
grouping based on a low visual representation of
8.57%, medium 28.57% and height of
62.85% (figure 1). Here are the results of
groupings based on visual representation:
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Figure 1. Visual Representation Grouping Graph

In the figure, it is stated that students
with moderate visual representation amount
to 28.57%. As explained in the introduction,
the researcher determined subjects with
purposive sampling technique and determined
the research subject was a subject with
moderate visual representation ability because
in this study aims to see students'
mathematical problem solving abilities based on
visual representations owned by students,
students chosen with medium representation
because based Preliminary studies conducted
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by student researchers tend to be less in
visual representation but use other
mathematical skills in solving mathematical
problems. Z3 subject is a subject with
moderate visual representation ability with

representation test results in table 3. Here
are the results of the visual representation
test and its description of the Z3 subject can
be viewed on table 3 below.

Table 3. Z3 Subject Visual Representation Test Results

Subject Representation Test

Description
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Figure 2. Visual Representation Test of Z3
subject

Z3 subjects are subjects who have moderate visual
representation. The Z3 subject uses the opposite
angle concept to look for another angle, then
substitutes all values into the formula mentioned. Z3
subjects have not managed to find another angle to be
able to help in the settlement so that the results have
not been found.

Based on the results of research on
subjects who have moderate visual
representation, the results of the analysis of
the profile of problem solving abilities for
subjects that refer to the stages of Krulik &
Rudnick (1988) obtained include (1) reading,
(2) exploring, (3) choosing a strategy, (4)
Settlement and (5) Review. Z3 subject is a

subject with visual representation ability
who is working on problem solving problems
that have never been met before on
trigonometric material with Krulik &
Rudnick’s problem solving analysis attached
in table 4. Here are the results of Z3 subject
work in all stages:

Table 4. Results of Subject Work in All Stages

Stage Work Explanation
Read Do sl Ly s e wcaguien wpmast vare v The Z3 subject writes "length A to B with the
Pajan 6+ e < mom writing "long AB", and "long B to C" with "length
IR BC" and writes down the known angles and knows
b. Vaniawa  AC : 96 bwya berapa 1 H
Figure 3. Z3 Subject Test Results in the what is asked.
Reading Stage
Explore C—:“:‘“(;: e et e the Z3 subject understands and looks for angle B by
i using the concept of a straightener angle. The Z3
b - subject also shows the schematic type.
ALEm—mwb 5
Figure 4. Z3 Subject Test Results in the
Exploration Stage
Selecta ¢ Pusus awran tigumonersi qaug dugunenan yar: The subject writes the formula
strategy b8’ +C’ - paL fnb "b? = a® + ¢? — 2ac sin B", the formula is also
Figure 5. Z3 Subject Test Results in almost correct. Z3 subjects have not been able to
Selecting a Strategy Stage explore the problem properly.
Solve f. - a*tc® - sac sine The subject substitutes the known value into the

: 300”4 426% - 2.30-425 qn 20

: Goamw + B0-635 - 25500 S V3
210625 - (26 500 Y3
Ac=b= \ 210. 0625 - (3] s (3

Ll
» NGas-433- 25.25.20a\3

. > 25\ A33 - 25.4V0.3V5
AC  : 25 Y433 - (00 Gy

Figure 6. Z3 Subject Test Results in
the solving stage

formula mentioned in the stage of choosing a strategy
correctly. But because the formula used is wrong then
the results are not correct.
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Look Back

Figure 7. Z3 Subject Test Results in
the Looking Back Stage

8 Nayin, aceis qaug saya povawsi fata sgal_testbue Sepern “vou The Z3 subject wrote a statement that is: "sure,

because what | understand in the matter is like that".
Z3 subjects feel confident about their work and are
not aware of the formula that is still not right.

Data retrieval is also done through in-
depth interview methods with Z3 subjects.
Written test results data compared with the
data from interviews based on Krulik &
Rudnick stages to then obtain valid data
from the Z3 subject.

The reading stage of the Z3 subject
explains what is known and asked according
to what is in the problem without describing
it through the triangular sketch first. In the
exploratory phase, the Z3 subject is able to
do the stage of exploring the problem well.
Based on the indicator type of visual
representation consisting of pictorial and
schematic presented by Hegarty & Kozhevnikov
(1999), at the exploratory stage shows the
type of visual representation of the subject
Z3. Z3 subject has a schematic type visual
representation. This visual representation is
used by the Z3 subject in solving problems,
namely the subject explores the problem and
then determines the steps of completion in
the next stage. This is as stated by Corter &
Zahner, (2007) that visual representations
are useful in solving the problems. Visual
representation is useful in solving problems.

The Z3 subject at the stage of choosing a
strategy mentions an incorrect formula is
also the use of the symbolic mathematical
operations operation that is in the formula is
not appropriate in writing it so that the
results of the process are less precise. This
shows that students are still not aware of the
use of formulas in trigonometry because of
students’ misunderstanding of the use of the
formula. This problem is in line with research
conducted by Ikram (2016) stating that “the
underlying problem in trigonometric methods
IS because students' long-term memory is
not embedded because of the many formulas
that students must remember and understand”.

At the completion stage, the Z3 subject
states the value of cos in the quadrant. Although
the Z3 subject can do calculations well, still
the final result of the two subjects' work is
still incorrect because there are still deficiencies

in the stage of choosing a strategy that is in
determining the formula. This shows that
the subject has passed a process. This is in
line with the statement of Krulik & Rudnick
(1988) which states that problem solving is
a process. When the subject is working on
the problem given in the form of a problem,
at least the subject has gone through a good
process and if the subject is more active in
practicing working on other problems then it
will get good results. Although in this study
the subject is still unable to meet the
indicators in this stage of completion because
they have not been able to produce work that
is in accordance with what is determined by
the researcher.

While at the stage of reviewing the Z3
subject it still cannot do it well. This is because
the subject has not been able to determine
the right strategy to solve the problem so
that the two stages thereafter have not been
resolved properly.

Based on the above analysis can be
concluded as follows, from stage 1-5 students
can only fulfill mathematical problem solving
indicators based on Krulik & Rudnick stage
by 57% as mentioned in table 5. Analysis
conducted by researchers shows that the Z3
subject is included in students with type
schematic visual representation that is
describing a diagram / using a sign that shows
the spatial relationship between objects in a
problem in explaining the solution strategy,
or describing the spatial image of the
relationship stated in the problem. The
researcher found that by using a schematic
visual representation that is owned by the
Z3 subject can solve the difficult problem
given by the researcher. This is in line with
what was expressed by Hegarty & Kozhevnikov
that the use of schematic representation was
positively correlated with solution success.
the use of schematic representation is positively
correlated with the success of the solution.
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Table 5. Z3 Subject Problem Solving Ability.

Visual
. Indicators Medlu_m (£3
Krulik & Subject)
Rudnick
Stages
Read = describe or formulate issues related to the problems used Both indicators are
in solving problems. met
= rewrite information that is known and asked according to
their own understanding and words
Explore = |ooking for as much as possible, information that can help Both indicators are
in solving problems. met

= create diagrams / graphs / charts / tables.

Select a Strategy =
formula selection.

determine the steps to solve the problem, it can be a

Indicators are not met

Solve = determine the steps to solve the problem, it can be a Indicators are not met
formula selection.

Look Back = review each step of the solution and look for interesting Indicators are not met
variations on the original problem.

Conclusion Of the five problem solving stages of Krulik and Rudnick, the ability to solve

mathematical problems of Z3 subjects is 57%.

CONCLUSION

Based on the results of research that
has been conducted on subjects with moderate
visual representation, the conclusion is that
students still have not been able to solve
mathematical problems given very well. Of
the five stages of problem solving Krulik &
Rudnick can only complete two initial stages
but the next three stages in solving the
problem there is one stage of calculation that
is less precise so that the next calculation is
an error.

Subjects have a schematic type of visual
representation that can show the relationship
between object images in explaining the
settlement strategy. This schematic type of
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