The ability of students’ visual thinking in solving
integral problems

Submission date: 18-Sep-2020 09:50AM (UTC+0700)
Submission ID: 1390054511

File name: Journal_Of_Physics_UPIl.pdf (1.15M)
Word count: 2816

Character count: 15754



Journal of Physics: Conference Series

PAPER - OPEN ACCESS

The ability of students’ visual thinking in solving integral problems

To cite this article: U Sholihahga.'zow J. Phys.: Conf. Ser. 1157 032090

View the article online for updates and enhancements.

This content was downloaded from IP address 125.166.3.76 on 18/07/2020 at 03:01




International Conference on M athematics and Science Education (ICM ScE 2018) 10P Publishing
10P Conf. Series: Journal of Physics: Conf. Series 1157(2019) 032090 doi:10.1088/1742-6596/1157/3/032090

The ability of students' visual thinking in solving integral
problems

U Sholihah! , T Nusantaraf) C Sa'dijah’ and H Susanto?

Jurusan Tadris Matematika, IAIN Tulungagung, JI. Mayor Sujadi Timur 46
Tulungagung, Jawa Timur 66221, Indonesia

*Jurusan Pendidikan Matematika, Universitas Negeri Malang, J1. Semarang No.5 Kota
Malang, Jawa Timur 65145, Indonesia

*u.sholihah @ yahoo.com

Abstract. Problem-solving is a high-level mental activity visualization has been an area of
interest in a number of researchers couccrm with mathematics education. Visual thinking is an
important part of mathematical thinking. The pw‘posa)f this study will describe the ability of
students' visual thinking in solving integral problems. This research uses a descriptive qualitative
method by using purposive sampling technique. The results of this study show that there are
three levels of visual ability. The first, the student in a non-visual is unable to representing and
interpreting problems (concepts) graphically, howe ver, be able algebraically but incomplete. The
Second, the student in a local-visual is able to generate specific information on diagrams,
however unable to drawing and using diagrams in problem-solving. The third, the student in
global-visuals able to understand algebra and geometry as an alternative language and they
indicate complete competence in problem-solving.

1. Introduction

Learning is a holistic process in which all aspects of knowledge are developed and constructed together.
Through comprehensive learning, students can have the sensitivity to learning things in different
situations. As learning progresses, schematic networks are formed, added, or modified as needed [1].
Thus, students must constantly update and develop their knowledge by adjusting the existing network
of schemas with the new information they receive. Naturally, in mathematical learning, we communicate
mathematical ideas through different forms, such as words, images, symbols, objects, or actions. The
submission of ideas of mathematics can be manifested in various forms, which are more studied in the
context of representation. Representation can be a tool to reinforce, reasofind communicate an idea the
term representation refers to the process as well as the result. [2].There is no direct access to
mathematical objects but only to their representationf]3].

Visualization has an important rol@in learning. Visualization involves both external and internal
representations (or images), one can define visualization as processes involved in constructing and
transforming both visual images and all of the representations of a spatial nature that may be used in
drawing figures or constructing or mgfipulating them with pencil and paper[4].

Thinking is a mental activity. Thinking is a process of generating mental representation by
transforming information [5,6,7]. In addition to the transformation of information that thought involves
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the activity of manipulating information on memory [8]. There are three central theories: 1) a double-
coded theory that can be represented in two visual and verbal codes; 2) the conceptual theory that visual
information and verbal information are represented in terms of abstract propositions; 3) The functional
equality theory that non-verbal images systems and symbolic-verbal systems involve similar processes.
The processing of visual information on the mind is called visual thinking [7].

Several factors influence the visual thinking of the individual. That not everyone also masters the
creation and manipulation of mental imagery because it is influenced by individual factors, definitions
or tasks, experiences, or interactions [6]. Another explanation that functional functionality, mental
stability, and the addition of a perceptual framework can be a mental barrier to visual thinking [5].
Basically. the role of visual thinking is very important to solving integral problems. which is one of the
materials in the calculation, which focuses on the visual elements[9].

Visual thinking is used to solve problems. Problem-solving always covers all aspects of human
activity, be it in the fields of science, law, education, business, sports, health, industry, literature, etc.[6].
One of the objectives of the mathematics lesson according to Permendiknas no. 22 on content standards
is for troubleshooting. Some pr@ems are more easily solved visually [10].

Some experts have studied problem-solving. The stages of problem-solving are the formation of
problematic probations, the planning of the most probable solutions. the reformulation of the subject,
the implementation and the evaluation of the results [11] and the most commonly used in problem-
solvingis tounderstand, plan, execute and re-check [12].

The problem of this study is the integral problem which is a mathematical problem of high level.
Cognitive development to solve a high level or formal math problems, through the visual platonic (using
visual images according to the idea of plato) and digital symbolic (using numbers or symbols digital)
[13]. In addition to mastering mathematics, mathematics students must be able to communicate with
mathematics. The ability of mathematical communication includes the ability to explain the concepts
and facts of mathematics in the form of simple, easy, logical, clarify and identify principles that do all
the work. The characteristics of the students, among others, bring a lot of experience, have the initiative,
and independently. Characteristics of other student learning behavior, that is: goal, having a set of life
experiences, goal-oriented and relevant, tend to be practical and require rewards [14].

There are several indicators of visual thinking ability: a) To understand algebra and geometry as
alternative languages; b) To extract specific information on diagrams; c) To represent and interpret
problem (or concept) graphically; d) To draw and use diagrams as an aid in problem-solving; e) To
understand mathematical transformations visually [15]. The purpose of this research is to describe
students' level of visual thinking ability in solving integral problems.

Experimental method

This research is a descriptive qualitative research. The subjects of this study were students of the
Department of Tadris Mathematics IAIN Tulungagung semester V academic year 2017/2018, which
had 35 students. Sampling techf§fre using purposive sampling. The subjects used must: a) has taken
calculus courses; h) has IP 3.3. The main instrument of this study is the researchers themselves. Data
collection techniques using tests and interviews. The test is used to determine students' ability to think
{@sually in solving integral problems. The questionnaire comprised two problems indefinite integral.
Each interview lasted about 40-50 minutes and was video and audio-taped.The analysis is performed on
valid data. Steps in data analysis include categorization or classification of data, data reduction, data
exposure, interpretation of data, and drawing conclusions.

3. Result and discussion

Students' visual thinking skills is derived from data or information provided by students to solve integral
problems. All information processing activities in integral problem-solving are not expressed by the
subject. Therefore, research in an effective search is reactive, adaptive, holistic amconscinus in an
indescribable context. The test instrument in this study consists of 2 problems, which are shown in figure
1 below:
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1. Use algebra and geometry to calculate J’_‘(| X+ 3| dx.

2. Determine the area of the shaded area in the following

figure by using the integral
|
L)

3}

Figure 1. The study questionnaire.

Figure 1 shows that the given problem is to solve algebra in graphs and graphs in algebra. The following
will describe students' visual thinking ability to solve the integral problem of each level.

3.1. Student's visual thinking ability at a non-visual level
Figure 2 shows that the subject of Diana Kumalasari (DK) seems unable to understand the meaning of

5
x 4+ 3|where DK immediately writes > x+3|dx = E.x2 + 3x| dx. from here it appears that DK
y s 5 pp
-5

is unable to use symbolic representations with perfection. unable to understand mathematics using
numeric numbers/symbols. You cannot describe the functions provided correctly. DK is also unable to
finish using the graph, but in the answer, there are graphs but do not understand the graphs created. The
subject could solve the problem by substituting it. Here is the subject's answer.
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Figure 2. Diana’s answer for task 1.




International Conference on M athematics and Science Education (ICM ScE 2018) 10P Publishing
10P Conf. Series: Journal of Physics: Conf. Series 1157(2019) 032090 doi:10.1088/1742-6596/1157/3/032090

By solving the two topics, we see that the DK responds only by redrawing the given problem. The
subject does not include the area under and above the x-axis at all. not able to create the functional
equation of the given graph. The subject is not able to cfFulate the surface by looking at the image.
Basically, the subject in the non-visual group uses only a symbolic representation to solve the given
problem. This indicates that the students consider symbolic representation as a support tool.
Additionally, the students in this group were inclined to rely on analytical thinking instead of visual
thinking. This leads to a tendency to be cognitively fixed on standard figures and procedures instead of
recognizing the advantages of visualizing the tasks. Shows that visualization can be an obstacle to
solving mathematical problems, especially when the mental image of a particular subject controls
students' thinking. In this group, the mental image of the subject underlies them by creating an image to
solve the problem[4].

3.2. Student's visual thinking ability at a local visual level
From the results given, the subject of Sri Wahyuni (SW) is shown in Figure 3 that SW is unable to
, 5
understand the meaning of |x + 3|, where SW wrote directly ffslx + 3|dx = E.xz + 3x| , from
-5

which it emerges that SW is able to use symbolic representations but not yet perfect, able to understand
mathematics using numeric numbers/symbols but not yet perfect. And not able to manipulate the area
using a graphical representation by changing the integral symbol. Here is the subject's answer.
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Figure 3. Sri’s answer for task 1.

Figure 4 shows that the subject SW seem to have understood the meaning of the graph above the x-axis
and below the x-axis, although it is still not perfect. already able to create the functional equation of the
given graph. First, try to make the equation y;, = a(x; — p)(xz — q) then enter the points, so that the
value of a =1, then substituted for the equation so that the equation y, = 1(x; —1)(x; —4)
procedurally seen the subject is very understanding but conceptually even less. Can also be seen Subject
able to calculate the area by looking at the picture as a whole but not perfect.
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Figure 4. Sris” answer for task 2.

Generally, from the results show in figure 4, that the students in this group have begun to coordinate the
representation systems of definite integrals. These students can perform representation transformations
in separate representation sygZ8ms. The students in this groupdiffer from those at the non-visual level in
that they have understood algebra and geometry as alternative languages forthe concept of definite
integral, and developed visual methods to see mathematical concepts and problems better. Thestudents
in this group used visual representations as induced image and they induced the visual images mainly
from the analytic thinking. Although their visual thinking favors local rather than global thinking, this
restricted visualization effectively blocks the accomplishment of their tasks. In addition, the selected
visuals reflect only one aspect of the integral concept, which has important implications for their ability
to perform other tasks. An important element of visual thinking is the ability to recognize that algebraic
responses are based on geometry; interviews show that this component does not exist in the minds of
many students[9].

3.3. Student's visual thinking ability at a global visual level

Figure 5 shows that the subject of Siti Lailatul (SL) shows that SL is able to understand the meaning of
|x + 3|, where SL directly looks for points to make the curve of his function, from which it appears that
SL is able to use symbolic representations to perfection, using numeric numbers/symbols. And able to
manipulate the area using the graphical representation by changing the integral symbol, and able to
complete with a graphic representation to perfection. Here is the subject's answer.
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Figure 5. Siti’s answer for task 1.

Figure 6 shows that from the results given the SL subject seems to have understood the meaning of the
graph above the x-axis and below the x-axis, with perfection. already able to create the functional
equation of the given graph. First try to write the bounds of the point (1,0), (4,0) make the equation of
the curve of squares (x — x1 ) (x — x5) across 2 points, then enter the points, so that f(x) = (x — 1) (x —
4) given the subject is very understanding of the procedural and conceptual level.
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Figure 6. Siti’s answer for task 2.
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In general, on figure 6 the subject is in this group imagination image are different from memory images
to students, because imagination images did not really exist in the past, but were generated through the
students” creative process. The added accuracy in this group of students’ drawings could be
characterized as introducing suitable notatiorf¥hich was Polya's recommendation when using visual
representations [12]. For Siti, a visualization is a powerful tool for exploring mathematical problems
and for attributing meaning to the concept of integral and relationship between them.

4. Conclusion

The results of the data analysis show that the main obstacles prevent the students from moving freely
into representational systems for certain integral concepts that they lack the ability to visualize abstract
relationships and information. nonfigurative in representation and visual imagery. The development of
visualization capabilities, which can affect the relationship between graphical representation and other
representations, improves integrated problem-solving performance. First, students in non-visual cannot
represent and interpret the problem (concept) graphically, however, into algebra but not complete.
Second, students in local visual can generate specific information on the diagram and cannot draw and
use the diagram in problem-solving. Third, global-visual students are able to understand algebra and
geometry as an alternative language.
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