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Abstract

Fragmentation of the thinking structure is the process of construction of information in the
brain that is inefficient, incomplete, and not interconnected, and hinders the process of
mathematical problem solving. In solving mathematical modeling problems, students need
to do translation thinking which is useful for changing the initial representation (source
representation) into a new representation (target representation). This study aims to discover
how the occurrence of the fragmentation of the thinking structure of translation within
students in their solving of mathematical modeling problems. The method used is descriptive
qualitative with the instrument in the form of one question for the mathematical modeling
of necklace pendants and semi-structured interview sheets. The results showed that there
were three errors that occurred in solving mathematical modeling problems. First, the error
in changing a verbal representation to a graph. Secondly, errors in changing a graphical
representation to symbols (algebraic form). Thirdly, errors in changing graphical
representation and symbols into mathematical models. The three errors that occur are
described based on the four categories of Bosse frameworks (Bosse, et al., 2014), namely:
(1) unpacking the source (UtS), (2) preliminary coordination (PC), (3) constructing the
target (CtT), and (4) determining equivalence (DE). In this study, there were 3 subjects who
experienced fragmentation of the thinking structure in solving mathematical modeling
problems. One of the highlights is the fragmentation of the structure of translation thinking
often starts from the process of unpacking of the source due to the incompleteness of
considering all the available source details.

Keywords: Fragmentation of thinking structure, translation process, problem solving,
mathematical modelling.

Introduction

In solving mathematical modeling problems, students often experience difficulties and
produce wrong answers (Kiat, 2005; Yost, 2009; Dorko, 2011; and Serhan, 2015). Complex
problems require variations in ideas, strategies and the mathematical formulations used. This
results in students having to think hard in order to arrive at the right answers and in accordance
with the problems at hand. Difficulties are often the first thing experienced and felt by students,
because the solution to the problems encountered is not immediately known by using ordinary
procedures. This situation has been studied by several researchers such as Kiat (2005), Yost
(2009), Zakaria, et al. (2010), Dorko (2011), Wibawa (2013), Booth, et al. (2014), Subanji
(2015); Veloo, et al. (2015), and Serhan (2015). The research that has been done only identifies
errors that occur through the work of the students. The studies carried out have not yet arrived
at the discovery of the sources of errors through the disclosure of the students' thinking
processes in solving mathematical problems. Kiat (2005) reveals that there are three types of

25




Fragmentation of the Thinking Structure of
Translation in Solving Mathematical Modelling Problems

errors in solving mathematical problems, (1) conceptual errors, (2) procedural errors, and (3)
technical errors (technical errors). In this case Kiat (2005) has not traced the thinking processes
of students who experience errors therefore it is necessary to do further research related to how
students think when solving mathematical problems. In particular, Serhan (2015) stated that
there is a need for further research to investigate students' thinking processes when solving
mathematical problems.

In the process of solving the problems of mathematical modeling, the structure of
thinking that is formed through difficulties and errors that occur, often seems like it is not
organized and not well connected (Skemp, 1976, 2006). In this case, Skemp (1976, 2006)
describes it as an instrumental understanding, which is described as separate (unconnected)
ideas (procedural) without meaning. The term without meaning means that a person does not
understand well the concepts that have been learned, cannot relate them to other concepts so
as to give rise to an incomplete understanding. Conditions like this lead to separate or poorly
connected ideas. Ideas without meaning can also result in the idea is stored in the memory
(because it has been learned) but is forgotten accidentally over time (Sternberg, 2012). For
example: when a student encounters a problem to determine an integral form of a mathematical
model of a rotating object, the student is unable to reveal and associate all the components
related to it. In fact, students have studied it during high school and in the previous semester
which shows material that while it has been stored in memory it is forgotten accidentally over
time. Someone who learns new concepts without meaning, the concept is stored in a separate
structure.

Wahono (2009) stated that in the learning process, when students receive information
in the form of concepts, procedures, and others, actually the student manages to construct what
was taught. But there are those that are well constructed (concepts are understood in their
entirety [Editors note: Neuro researchers calls this the long-term memory]) and some that are
not well constructed (concepts are not fully understood). The information conditions that are
not fully understood, according to Wahono (2009) results in the information being not well
connected or "messy" (unorganized). Wahono (2009) called it a fragmentation in the student's
storage system.

The term fragmentation is very popular in the computer world which is defined as the
condition of a file that is placed in a storage system that does not occupy the sector (storage
space) efficiently. Subanji (2016) stated that fragmentation of computers is interpreted as a
phenomenon in storage space that is used inefficiently, reducing storage capacity.
Fragmentation occurs when the operating system cannot allocate enough space in adjacent
storage sectors to store files in a neat structure. This happens because someone often deletes
files and then adds them again with files of the same size and type. Fragmentation results in
system work delays in calling stored data or data that has been constructed.

The process of changing representations, from the initial representation (source
representation) to the new representation (target representation) is called translation (Bosse et
al. 2014). In this study, the making of a mistake with the new representation from a previously
correctly made representation is called a translation error. The process of cognition that occurs
can be observed through the results of the interviews (think aloud) and the results of student
work. The students’ cognition processes in translating can be recorded through self-reports by
students of their thinking. The wrong pattern of students' thinking structure is called the
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fragmentation and are not organized, are separate and are not interconnected. In this case,
structural fragmentation is fragmentation of the structure of translational thinking.

The process of the fragmentation of the structure of translation thinking in terms of the
framework created and used by Bosse, et al. (2014), includes: (1) unpacking the source (UtS),
(2) preliminary coordination (PC), (3) constructing the target (CtT), and (4) determining
equivalence (DE):

1. Unpacking the source or dismantling the source representation is defined as reading
and considering the concepts that exist in the re-presentation of the source (often
called the micro concept) used to build the plan for making a target representation.

2. Preliminary coordination is defined as identifying and typing the same mathematical
relationships between micro concepts in source representations and micro concepts
in target representations.

3. Constructing the target (representation) is defined as formulating and making target
representations based on the micro concepts that exist in the source representation
and planned coordination.

4. Determining equivalence or equality is defined as re-structuring the target
representation or re-checking the similarity of ideas that are in accordance with the
rules of the source representation.

The idea of building new representations or translating is mentioned because there are
gaps between existing facts or fact gaps (Bosse et al. 2014). In the construction process, which
is seen from the occurrence of structural fragmentation, thinking that the translation occurs, the
fact gaps can be seen as a scheme of gaps (SG) or gap between schemes. The gap or non-
conformity that occurs is one reason students make new representations or restructure the
representations that have been made.

In this study, the focus was on how the fragmentation structure of translation thinking
occurred in students in solving mathematical modeling problems. The translation process is
important in solving mathematical modeling problems. Students need to do translations
ranging from verbal to pictures, graphics to graphics, verbal to algebraic forms, algebraic forms
and pictures to mathematical models. There are still many students who experience difficulties
and make mistakes in doing translation thinking.

Methodology

The method used was descriptive qualitative and used an instrument in the form of one
question and semi-structured interview sheets for the mathematical modeling of necklace
pendants. The data collected in this study are words or sentences so that the results of this study
are descriptive data. Data analysis in this study is inductive because the data analysis activities
use facts from the field and the results of ‘think aloud’ reports to find the process of
translational structure fragmentation in solving mathematical modeling problems (involving
integral applications of the volume of rotating objects). According to Creswell (2007), Bogdan
and Taylor (in Moleong, 2007), and Yin (2011), this kind of research is classitfied as qualitative
research.

This research was carried out in the Mathematics Education Study Program, FMIPA,
State University of Malang for even semester students in 2014 and 2015 (Semesters 4 and 6).
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Researchers chose mathematics education students: who had learned integral concepts since
high school and re-studied them in lectures (according to the syllabus of integral application
material on the volume of rotary objects taught in semester 2); were assumed to have a more
complete and in-depth thinking structure so that the exploration process carried out by the
researchers by tracing the fragmentation of the structure of thinking became more visible. This
also makes it easier for researchers to adapt various ways of structuring when students
experience difficulties or are wrong in solving the problems given.

In accordance with the preliminary study, in this study students' answers are grouped
into 3 categories: (1) Students with very essential errors are not aware of an "irregular" build
or curved residual space, (2) Students with essential errors are aware of an "irregular" building
or a curved space but do not use integrals to solve them, and (3) students with essential errors
where they are aware of irregular builds or curved spaces and use integrals in the course of
solving the problem but the answer given is wrong. Researchers conducted a study on 83
students who were divided into three further categories, three subjects in this study were
selected for each category.

Initially, 83 students were given problems in the form of mathematical modeling
problems to calculate the volume of a rotating object. Student answers are grouped as right and
wrong answers. Correct answers are not used in this study because the focus of the study is to
uncover and observe the fragmentation of thinking structures that begin with an error. Student
answers that are wrong are grouped according to three categories that have been made.
Percentage of each group namely: there were 63 students (75.90%) who answered as described
in category 1, the distribution of 32 students (38.55%) from semester 4, and 31 students
(37.35%) from the semester 6. For students who answered as described in category 2, there
were 17 students (37.35%) and all were semester 6 students. In category 3, there were 3
students (3.62%) who answered as description and these 3 students from semester 6. Students
in each category are further investigated through the interview stage. Through interviews
conducted with students (prospective subjects), researchers revealed the existence of
fragmented thinking structures. Interviews were conducted with the snowball sampling
method, by calling one student at a time according to the three categories. Students who
experienced fragmentation of translational thinking structures are students who make mistakes
in constructing target representations from known and understood source representations.

Result and Discussion

In this study, students experience errors in making new representations of previously
made representations, with the aim of solving problems they have encountered. The
representation in question is an external object in the forms of graphs, symbols (algebraic
forms), words (situations), and mathematical models that function as coding symbols. They
describe the mathematical relationships or ideas and communicate the mathematical
knowledge and operate on the mathematical constructions (Cobb, et al. 1992; Kaput, 1987).
The new representations made by the first student was in the form of graphs or drawings on
the Cartesian diagram. The image aimed to facilitate the student in determining the equation.
The second new representation was in the form of symbols or algebraic forms which aimed to
facilitate the student to determine the mathematical models or integral forms. The third new
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representation was in the form of a mathematical model or integral form which aimed to
facilitate the student to determine the remaining volume. Each of the representations made by
the students revealed errors which resulted in the students having difficulty continuing their
work and creating other errors in determining the final answer.

This study found three types of structural fragmentation of translation thinking, namely,
fragmentation of translation structure thinking from verbal to graphical, from graphical to
symbolical (algebraic form), and from graphical and symbolical to mathematical models
(integral forms). The mathematical modeling problem is given below:

A company wants to produce the latest gold necklace with two solid ball-shaped beads that
look like picture 1 below. To make these beads a hole must be punched through the beads
diametrically using a drill bit of 5 mm. For aesthetic purposes, the radius of a solid ball is
determined as twice the radius of the drill bit. This company wants to know how much gold
is remaining in the 2 beads in the necklace (before being carved). Can you help this company
to solve it?

Picture 1: The beads
Fragmentation of Translations Thinking Structure from Verbal to Graphics

Students are aware of the fragmentation of the structure of translational thinking after
researchers invite students to reflect by providing limited interventions. An illustration of the

process that occurs is as shown in figure 1 below.

Target representation scheme

Source representation scheme Graph representation)

(Verbal representation)
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Figure 1. lllustration of Fragmentation of Translation Thinking Structure from Verbal to
Graphical Representation.

Students initially understand that the problem faced is the problem of a ball being drilled
(G1). The results of this drilling are partitioned into three shapes, namely a sphere that has a
radius of 10 mm (G2), a tube that has a height and radius of 5 mm (G3), and a part that builds
a space with one of its curved surfaces related to the radius of the ball and the tube radius (G4).
In order to determine the building space where one of its surfaces is curved using an integral
concept, students think of making an image in two dimensions (G5). Students experience a
scheme gap (SG1) between images on two dimensions with the aim of determining the function
or equation contained in the integral form (G6).
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Figure 2. S3 draws Sphere drilled into Cartesian diagram.

The gap between schemes that occurs stimulates students to create new representations
(target representations). In this case, the planned preliminary coordination is to sketch graphs
on the Cartesian plane. The student then constructs the target by making the Cartesian diagram
first (G7) then drawing a space with one of its curved surfaces in the Cartesian diagram (G2)
with centre (0.0) (G8) and the radius of the drill bit 5 mm (G9). Through the results of the
construction, the students produced a drawing of the remaining space with one curved surface
cantered at point (0,0) (G10).

The graphs made by students actually still leave a gap between the existing facts or the
gap between schemes (SG2) but the gap is not realized by students. Student awareness (low
awareness) results in students not correcting doing the process of determining equivalence or
restructuring of the representation made of the target. Another thing that is a cause is the low
sense of geometry of the students where they do not consider the facts that exist in the
representation of sources, such as the radius of the ball and tube that should be adjusted with
the graph. In this context, students have experienced structural fragmentation of translation
thinking from verbal (the problem of the ball being drilled) with a graph (drawing of a ball
being drilled in the Cartesian plane).

Fragmentation of Translations Thinking Structure from Graphical to Symbolic
Representation

Students are aware of the fragmentation of the structure of translational thinking after
researchers invite students to reflect by providing limited interventions. The process that occurs
is as follows:
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Source representation
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Figure 3. lllustration of Structure Fragmentation Thinking of Translations from Graph
Representation to Symbols (Algebraic Forms).

Students initially make ball graphs drilled in two dimensions (HS). The first time,
students think about the existence of a ball that is drilled (H1), then they mention that the build
formed from drilling the ball (H2), the tube (H3), and the space with one of its curved surfaces
(H4). Students draw a ball drilled in the Cartesian plane (H6) in which there are X and ¥ axes.
Students focus on the curved structure for drawing on the Cartesian plane (H7). Students
understand that the result is like a bowl (H8) and students say they will make an equation from
the picture. In this case, there is a gap between schemes (SG1) which results in students having
a reason to make an equation or make a new representation of the created image. Before
students determine the equation, students experience co-founding schemes or ambiguity
schemes (CS) between the curves with a bowl shape. The ambiguity is an error of assumptions
built by students that affect the making of new equations or representations.
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Figure 4. S2 creates a quadratic equation from the Cartesian diagram

Students focus on the curved shape in the created Cartesian diagram. Students assume
that the shape is like a bowl (H7) so that it can be seen as a quadratic function (H10). Students
then test the intersection, such at ¥ = 0'and x = 0 (H11). Then do the substitution (H12) in the
formula of the quadratic equation that has been determined, namely v = a(x —x,)* —x,
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(H13). Based on these results, students determine the quadratic equation, v = —x* + 2x
(H14). After finding these equations, students did not directly perform equivalent equivalence
or restructuring on the representation of the target. Whereas in the representation of the
constructed target there is still a gap between the schemes (SG2) which is between a curved
shape which is assumed to be a bowl with a quadratic function. In this case, students experience
structural fragmentation of translation thinking from graphical representation to symbolic
representation (algebraic form) caused by superficial student assumptions about the graphs
made and their low understanding of quadratic functions.

Fragmentation of Thinking Structure Translations from Graph and Symbol
Representations (Algebraic Forms) to Mathematical Models

Students are aware of the fragmentation of the structure of translational thinking after
researchers invite the students to reflect by providing limited interventions. The process that
occurs is as follows:

Source representation scheme Target representation scheme
(Graph representation and symbol) (Representation of mathematical models)

Fragmentation of thinking
structure translation

Don't do DE

not in accordanes

PC: Make a mathematical model

Figure 5. lllustration of Fragmentation of Translations Thinking Structure from Graphical
and Symbolic to Mathematical Models (Integral Forms).

Students initially construct their ideas which are referred to as a collection of micro
concepts in the source representation. In the source representation, there are graphs and
symbols or equations of circles. Through the scheme formed on the source representation, there
is a gap between schemes (SG1) which stimulates students to create new representations. The
process that occurs is as follows.

Students initially draw the ball drilled in the Cartesian diagram in the direction of the
Y axis (I1). From the results of the drilling, students pay attention to the circle image which is
seen as a graph (12) and the drill bit that crosses the circle (I3). Students determine the equation
of the circle (I4) and the radius of the drill bit 5 mm (I5). From the similarities and radii of the
drill bit, students focus on the remaining part of the drilling results (17). Students think about

32




Kadek Adi Wibawa

solving the problem using integrals. Then the student determines the integration area (I8) and
thinks of making an integral form (I9). In this case, there has been a gap between the schemes
(between I8 and 19) (SG1). The gap between these schemes stimulates students to make new
representations. Students do preliminary coordination by planning to create mathematical
models or of course integral forms.
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Figure 6. S3 created mathematics model by integration from verbal situation, graph, and
algebraic forms.

Students begin to construct new representations by focusing on the integrated
integration area (I8). The integrated area is in the form of building up the remaining drilling
results (I10). Students use the equation of the circle that is x* + ¥ = 25 (I4) and change it in

the form ¥ = V25 —x? (I112). Students think of integration limits (I113), namely, the lower
limit = 0 (I14) and the upper limit = 5 (I15). Circle equations and predetermined boundaries
are then used as the basis for creating a mathematical model (integral form) (I16). The result

of the substitution is jﬂs yrdx (117) = _I"; (25 — x *)dx (I18). In determining the mathematical

model, students are not able to justify the existence of boundaries, or the functions ¥, and dx.
Students only say that it is "usually like that" to create an integral form of the volume of a
rotating object. The new representation made by students is not in accordance with the
representation of the appropriate source. When viewed from the scheme that has been
constructed, there are still gaps between the schemes which results in errors. In this case,
students experience the fragmentation of the structure of translational thinking from graphs and
symbols to mathematical models (integral forms). Students do not do determination
equivalence or restructuring of the scheme on new representations or targets because students
are not aware of the mistakes they have made and their understanding of determining the
integral form has no strong basis.
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Conclusion

Based on the results of the research and discussion, it can be concluded that the
characteristics of the translation structure's fragmentation of thinking appear when students
make mistakes in changing the old representations (source representation) to new
representations (target representation). Errors that occur can be seen in the construction of the
scheme of the new representations and the old representations. The construction error is named
as confounding schemas or schemes that are ambiguously constructed. There are three
fragmentations of the structure of translation thinking in solving mathematical problems,
namely: fragmentation of translation thinking structure from verbal representation to graphical,
fragmentation of translation thinking structure from graphical to symbolic, and fragmentation
of the structure of translation thinking from graphical and symbolic to mathematical model
representations. Each fragmentation that occurs basically has the same characteristics. It's just
that there are different processes, especially when doing coordination preliminary and
constructing the target.
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