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Abstract: Schoenfeld and Sloane argued that the main task of mathematics education is to explain students’ thought
processes in order to improve the quality of mathematics learning. Many students make errors in answering maths tests. It
turns out that various types of errors depend on students’ learning styles. The focus of this research was to analyze students’
errors in solving mathematics problems based on differences in students’ learning styles according to David Kolb’s theory of
experiential learning. The study was conducted at VVocational Middle School in Cirebon-Indonesia. The research used a
qualitative research case study approach. The instrument used in this study was the Kolb Learning Style Inventory (KLSI
version 3.1), and math tests. For data analysis, this study used triangulation techniques. The four categories of learning
orientations were found among 24 students who participated in this study, namely converging, accommodating, assimilating,
and diverging. The difference with other studies is that this study focuses on discussing student errors based on learning
styles. Each type of learning style was associated with its unique errors. Errors made by divergers were procedural errors and
misunderstandings; the assimilators’ types of error were procedural and conceptual errors; the convergers’ error type was a
procedural error; the type of error made by accommodators was a theoretical error. Conceptual errors were caused by a
misunderstanding of existing concepts, leading the students to make errors in the answer to math tests. Strategy errors can be
encountered by students when they were stuck in the answer to a math test. A procedural error occurred when students used a
non-systematic method in completing the test.
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1. Introduction

Mathematics learning is about concepts and structures of mathematics contained in the material being
studied, as well as finding the relationship between ideas and mathematical concepts (Hiebert & Lefevre, 1986).
Furthermore, mathematics learning can also be interpreted as a learning process that actively engages students in
building mathematical knowledge (Voigt, 2013). Therefore, the teaching of mathematics is a process of
interaction between teachers and students, which implies the development of thinking models and elaboration
logic in the mathematics classroom. Such condition is created by teachers with various methods so mathematics
learning activities can grow and develop optimally. Students can participate in the learning activities effectively
and efficiently.

The direction of improving the quality of mathematical education implies clearly that the current learning
objectives refer to students' thinking abilities so that with good thinking skills, students will easily understand
and master the mathematical concepts they learn (Schoenfeld & Sloane, 2016). Therefore, learning mathematics
should be more focused on student thinking. Considering how essential mathematics is, while there are many
negative perceptions of mathematics. Many students do not like mathematics (Hannover & Kessels, 2004; Tirta
Gondoseputro, 1999). The students assume that mathematics is a less desired lesson. According to survey data,
mathematics occupies the third position as the most hated subject by students (Rofalina, 2015). Some
components of the causes of the less desired learning mathematics are (1) Learning methods from teachers who
are lacking interesting; (2) The solving mathematics story problem is less understood and visualized the purpose
of the problem; (3) Learning difficulties and decreased interest in learning, (4) the errors students make in
answering math tests (Quilter& Harper, 1988; Archer, DeWitt & Dillon, 2014).

Meanwhile, based on data from PISA (The Program for International Student Assessment) in 2015, the
performance of Indonesian students is relatively low. Successively, the average Indonesian achievement scores
for science, reading, and mathematics is ranked 62, 61, and 63 out of 69 countries evaluated. The rank and the
average Indonesian students score do not differ much from previous PISA results in 2012, which are also in the
low material mastery group (Stacey, 2015). Based on the data, students’ ability to understand mathematics is
meagre. Students’ skills in solving mathematical problems can be known through tests given in the evaluation of
mathematical learning. In the process of mathematics learning, students often make errors. The number of errors
made in working on mathematical problems hints at the extent to which students understand the material. From
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the errors made, the source of errors committed by students can be further investigated. The cause of the errors
made by the student should be apparent by analysing the root cause of the errors, and then by identifying the
types of errors that are commonly made by students in solving mathematics tests.

The students’ ability to understand mathematics is meager. Students’ skills in solving mathematical problems
can be known through tests given in the evaluation of mathematical learning. In the process of mathematics
learning, students often make errors (Warshauer, 2015). The number of errors made in working on mathematical
problems hints at the extent to which students understand the material. From the errors made, the source of errors
committed by students can be further investigated. The cause of the errors made by the student should be
apparent by analysing the root cause of the errors, and then by identifying the types of errors that are commonly
made by students in solving mathematics tests. The errors made by students become obstacles to learning
mathematics. Students’ errors in many mathematical topics are the primary source for knowing the difficulties
experienced by students in learning mathematics (Taylor 1999). The teacher needs to identify the types of errors
starting from the calculation of operations performed by students and the use of concepts, to the procedure for
working on mathematical tests (Mercer & Mercer, 2019). The types of errors made by students are divided into
four categories: operating errors, computational errors, algorithmic errors, and random answers. This is similar to
what is explained by Radatz (1980), that there are three indicators of the type of error: a) misunderstanding—
errors made by students in using concepts related to the material; b) principle errors—errors in applying
mathematical rules or formulas, or misuse of laws relating to content, c) operational errors—errors in operations
or calculations. Indeed, students’ errors will have an impact on the results of learning process.

Students’ low achievement is caused by many things, such as a dense curriculum, ineffective learning media,
inappropriate learning strategies and methods chosen by the teacher, a poor evaluation system, a teacher’s ability
that is less able to arouse students’ learning motivation or a conventional learning approach in which students are
not much involved in the learning process (Lim & Morris, 2009). Another factor is students’ character in the
learning process, as well as learning styles owned by each student. Errors in mathematical problem solving can
also be observed from students’ learning styles (Ryan & Williams, 2007). In line with that opinion, Geist and
King (2008) argued that students’ errors can be seen from student learning styles. As each individual has a
different character, students’ answers to math tests can be influenced by various factors that can lead students to
make various errors in problem-solving.

Learning styles are a combination of how one absorbs and then organises and processes information
(Schmeck, 2013). Learning styles are not only aspects of processing information through senses (seeing,
listening, speaking as well as writing), but also the element of information processing, or optimisation of left-
brain right-brain, and other aspects regarding responses toward in the mathematics classroom (absorbed
abstractly and concretely). This is in line with the statement of Riding and Rayner (2013), which suggests that a
student’s learning style is the consistent way to capture stimulus or information, how to remember or think and
solve problems. So, learning styles are the way students tend to react and use incentives to absorb and then
organise and process information in the learning process.

The Learning Style David Kolb’s developed is a learning style that involves students’ new experiences,
develops observation/reflection and drafts, and uses theories to solve problems (Tuyen, 2018). Student learning
style is influenced by personality types and habits, and it develops over time and experience. The Learning Style
is built on the idea that learning preferences can be explained by the active observations of experiments—
reflections and experiences of abstract concrete concepts. The implication is that there are four types of learners
regarding their learning styles: converger, accommodator, assimilator, and diverger (Kolb, 1981). The converger
also approaches knowledge through abstract conceptualization however the converger favors processing it
through active experimentation. Convergers prefer to deal with technical tasks and problems rather than with
social and interpersonal issues. Their strength lies in problem solving, decision making, and the practical
application of ideas (Geiger, 1992; Kolb, 1984; Kolb, Boyatzis & Mainemelis, 2001).

Accommodators have the ability to learn from primarily “hands-on” experience. They enjoy carrying out
plans and involving themselves in new and challenging experiences. They may tend to act on their “gut” feeling
rather than on logical analysis. In solving problems, accommodators rely more heavily on people for information
than on their own technical analysis. They tend to be adaptive and risk-taking and perform well in situations
where they must change to meet immediate circumstances. They are at ease with people but sometimes can come
across as impatient (Kolb, 1984, Kolb, Boyatzis & Mainemelis, 2001; Geiger, 1992).

The assimilator prefers to approach knowledge through abstract conceptualization and to process it through
reflective observation. Assimilators are best at understanding a wide range of information and putting the
information into a concise, logical form. Their strength lies in inductive reasoning and the ability to create
theoretical models. Assimilators are less focused on people and more interested in ideas and abstract concepts.
Generally, assimilators find it more important that a theory have logical soundness than practical value ideas
(Kolb, 1984, Kolb, Boyatzis & Mainemelis, 2001; Geiger, 1992).
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Divergers prefer to approach learning through Concrete Experience (CE) and to process it through Reflective
Observation (RO). Divergers are best at viewing existing situations from many different points of view.
Individuals perform better in situations requiring generating new ideas and brainstorming. Their strength lies in
imaginative ability and awareness of meaning and values. They tend to have broad cultural interests, are
interested in people, and are feeling oriented. Accommodators also prefer to take in knowledge through concrete
experience, however they favor processing it through active experimentation ideas (Geiger, 1992; Kolb, 1984,
Kolb, Boyatzis & Mainemelis, 2001; Papadopoulos, 2020).

In a preliminary study conducted for this research and based on observations at one of the vocational high
schools in Cirebon, many students said they had difficulty understanding mathematical problems. Students’
scores on the test do not reflect the level of their understanding of the relationship of mathematical concepts.
Some-students tended to maintain wrong conceptions even though the teacher had specifically taught the
characteristics of relevant concepts. An approach is needed to analyze students’ errors, which include: 1)
Material profile approach, which is to an analysis in the material mastering profile. Where the competence of
students for sub material compared with competence with other material. 2) Prerequisite knowledge approach,
which detects the failure of students for prerequisite knowledge. 3) Approach to achieving basic competencies
and indicators, i.e., diagnosing failures in achieving learning objectives and indicators. 4) The error approach
concept, namely, to analyze student errors through misconceptions (Chinn, 2020).

In addition to phenomena in the field, several previous studies have examined student errors in completing
mathematics tests (Hansen, et al., 2020). Discovering and addressing errors during mathematics problem solving
(Granberg, 2016). Errors of students learning with react strategy in solving mathematical representation ability
(Sari, et al., 2018). In addition, Suyitno and Suyitno (2015) also examined Learning therapy for students in
mathematics communication correctly based on Newman's procedure. Meanwhile, Junaedi, et al. (2015)
disclosure the causes of student's errors in resolving discrete mathematics problems based on NEA as a means of
enhancing Creativity. Researchers are interested in studying students' errors in learning mathematical problem
solving from the perspective of David Kolb's theory.

The mathematics teacher believed that students had various learning styles that were unidentified, which
corresponds to the learning process carried out in the class. Thus, the researchers were interested in discussing
David Kolb’s theory about learning styles, in which individual differences are mapped into different types of
learning styles. Observing the problem, previous studies have not paid attention to the analysis of students’
errors based on differences in students’ learning styles. Moreover, the analysis of students’ errors in solving
mathematical problems can be detected through their answers to test questions. Thus, the researchers were
encouraged to analyze students’ errors.

2. Method

This section is compulsory, and it should provide a specific description of the methodology. All descriptions
of materials and methods should be included here in the main paper. It should have the following structure.

Based on this study's objectives, namely to analyze student errors, the type of research used was a qualitative
study with a case study approach (Creswell & Creswell, 2017; Taylor et al., 2015). This research approach was
chosen because it was carried out systematically; it can help the researchers figure out the issue of this study as it
can provide a specific description of students’ errors in learning mathematics in school. The flowchart of case
study research carried out is as presented in Figure 1.

Defining and designing Preparation, Collection, Analysis Analysis and conclusions

Werite conclusions
between cases

Conduct research Write down T
(case 1) individual cases
Determine the case
Case stud T Conduct research Write down
Y — (case 2) individual cases
Designing data
collection protocols -
Write down
Etc — .
individual cases

Figure 1. Research flowchart in case studies
2.1. Procedure

This research was conducted at SMK Patriot, a Vocational Middle School in Cirebon-Indonesia. The
participants in this study were 24 of 10th grade students, grouped by the four learning styles proposed by David
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Kolb. Then randomly selected from each representation of the learning style by using the Quota sampling
technique (Etikan & Bala, 2017). The selection of participants was based on the following criteria: a) students
who completed the mathematics test with the most questions (n=16) and b) students who made the more errors in
working on mathematics problems (n=8). The object of the research was to understand why the students made
errors in mathematics problems. The topic of the mathematics test was the system of linear equations with two
variables (SPLDV).

2.2. Data collection and analysis technique

The instruments used in this study were questionnaires and tests. Both the questionnaire and the test tools
were created and developed by the researcher. The questionnaire development process adopted the Kolb
Learning Style Inventory concept and referred to KLSI version 3.1 (Kolb, 1976; Manolis et al., 2013). Then
adjusted to students' characteristical of thinking and language in vocational middle school. The 12 items
represented the dimension of CE (Concrete Experience), 12 items described the aspect of RO (Reflective
Observation), 12 items described the dimension of AC (Abstract Conceptualisation), and 12 items represented
the aspect of AE (Active Experimental). The indicators can be seen in the following table 1.

Tabel 1. Learning style indicators in the David Kolb theory

Learning Style Indicator

Diverger
(CE and RO)

Learn to rely on feelings

Study in groups

Be open to other people

Learn from observation

Thorough in learning

Careful in listening to the meaning
Learn in many ways

Learn from observation

Thorough in learning

Careful in listening to the meaning
Learn in many ways

Think logically

Behave in theory

Make preparations before studying
Likes analytical

Assimilator
(RO and AC)

Converger
(AC and AE)

Think logically

Behave in theory

Make preparations before studying
Likes analytical

Complete tasks independently
Active in learning

Learning through practice

Carry out duties by the provisions

Accommodator
(AE and CE)

Complete tasks independently
Active in learning

Learning through practice

Carry out duties by the provisions
Learn to rely on feelings

Study in groups

Be open to other people

While the test used in this study was an essay test (Mohamad et al., 2015), the grid for the evaluation of the
essay analysed the achievement of the learning of the system of linear equations with two variables (SPLDV).
The reference used in the preparation of this essay test adopted the cognitive aspects of Bloom’s taxonomy,
namely the categories C3 (analyze), C4 (apply), C5 (understand), and C6 (remember) (Bloom, 1956), as set out
in Table 2 below. The essay test used five indicators spread over six items. For data analysis, this study used the
triangulation technique (Leech & Onwuegbuzie, 2007).

The essay test used by previous researchers was tested first. The number of questions used as a trial was 9
items, where every 2 items represented one indicator. The trial test is carried out once. The previous essay test
was tested for the validity of its contents first by an expert validator. Next carried out in the content validation
test regarding the suitability of the questions with indicators and assessment in terms of language.
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After validation, the next step is to analyze the test-equipment. Analysis of the test equipment aims to
identify good, bad, and bad questions. So that information is obtained, which will be used to perfect the
questions for further purposes. The test analysis used is with Anates V4 software, while the test analysis includes
the validity of the items and reliability.

The validity of the items is based on the results of the calculation of T¢ount = Ttabie. SO the questions are

declared valid. If the results of data analysis on item 7.punt < Ttaple then the question is declared invalid.
From the calculation results, it is found that out of 9 items, 6 items are stated as valid. The results of the
reliability calculation show r = 0.69 so that the test questions are questions that have a reliable.

Table 2. Essay Test Indicator.

Indicator Cognitive aspects—Item
Cl C2 C3 C4 C5 C6
Students can determine the completion of a two-variable 1
linear equation system.
Students can work on problems well related to the 2
completion of the system of two-variable linear equations.
Students can identify problems related to systems of linear 3
equations.
Students can interpret the results of problem-solving related 4
to the two-variable linear equation system.
Students can make mathematical models related to systems 56
of linear equations. '

Triangulation techniques include interviews, and results work of the subject. The analysis steps of the
research data include; data reduction, data display, conclusion drawing/verification. To find out the student's
error can be observed through the results of the test. In addition, to in-depth interviews about how it works. This
needs to be done to observe the causes of student errors. In this study, the researchers conducted observations
using a handphone to record the results of work and interview. This was done so that each data from work and
interview well collected.

3. Findings and Discussion

The first stage of this study was classifying students’ learning styles. Based on the results of the Kolb
Learning Style Inventory (KLSI) survey of 24 10th grade students of Cirebon Patriot State VVocational School,
the grouping of learning styles was obtained as follows.

Table 3. The Proportion of Students’ Learning Styles.

n

Type of learning style (%) Subject code

Diverger n=3 PMO04, PM18, PM19
(12.5)

Assimilator n=4 PMO01, PM11, PM14, PM22
(16,7)

Converger n=8 PMO02, PM03, PM05, PM07, PM09, PM16, PM20, PM21
(33.3)

Accommodator n=9 PM®6, PM8, PM10, PM12, PM13, PM15, PM17, PM23, PM24
(37.5)

Based on Table 3, the accommodator type was more dominant than others (37.5% of students), while the
percentage of diverger type was the smallest compared to the three other learning styles (12.5% of students).
After classifying students based on the Kolb learning style, only a total of eight participants were eligible for
further analysis. Subject selection of research, based on two representations of each learning style. This is in
accordance with the quota collection technique (Etikan & Bala, 2017). They were given a mathematics test to
find out what kind of errors occurred. The following was the second stage of this study, which was dissecting
several cases of errors made by students based on differences in their learning styles.
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Table 4. Characteristics of Students’ Errors in Learning Mathematical Problem Solving.

Type.Of Students’ answers and errors in problem-solving
learning style
Diverger PMO04

Answer no 1 Answer no 3

X R BT SRNC s 22
»on 3o L 1 - — 20
P W ~
b >
L S

Wi s LS

Subject PMO04 encountered an error on the Subject PM04 also performed procedural

use of the number operation sign, and this errors in terms of the division of positive

was due to the inability of the subject to and negative numbers.

solve the problem.

PM18

Answer no 3 Answer no 6

¢ D . ; :Jz‘b '
= S 2>+ 39 = 800 y ety ‘fg = 8o cco
e "ﬁ H'z‘.ﬂ Yy = (00 ace

Subject PM18 performed an error on number  Subject PM18 had two operations counting

operation. errors in integers.
Assimilator PMO1 PM22

Answer no 4 Answer no 4

e
i
’ SR

Subject PM01 made a mistake in that they Subject PM22 made an error in plaln the

did not work the problem completely. variable.
Converger PMO03

Answer no 4 Answer no 6

Subject PM03 performed an error in placing
variable x and y.

Subject PM03 made an error in determining
the variables x and .

144



An Analysis of Students’ Error in Learning Mathematical Problem Solving: The Perspective of David Kolb’s Theory

Table 4 continued

Subject PMO03 made a mistake in
transforming the story into a
mathematical modelling.

Answer no 8
PMO07

']
/ {)rl\» butew A Vo 0 i .
K 9 _ Subject PMO07 made an error in not
AT UV TAR completing the work and also made a
redaction error.
s A sial. Lafao
,D'i (picaln Yoo
) )

Answer no 4

Accommodator PMO08

Answer no 4
T -

Rrse -~ Y

2.
X = o

¥ - g 9@ &’/; 24k LIQY 43 2@
1.

Yy > (-2 -0 2k (20 - 1¢_GD _ dad " e
e —————— e ———

toces Lan & bl peril

“2Y :-|. é®
Y L é® > 4 Lot lotin
2 (‘7@}!("(['2@)
- 3

(U U

4.0 FJ-62@

- —

Subject PMO08 had errors in the procedure
of entering the data given.

PM24
Answer no 6 Answer no 8
:rl'::\-\:’:ylwwhul ke dalam sebuah soal cerita yang berkaitan day 1lg°‘(_, - x - GPe;r .
Y =Panggg
2x £ 3y = do d&)/// 2x F3Y fo - )
IxE2Y - so0.om 7 Hf,f”:@,f’, L=JM
iy :-20.am (1) =3 Sxf2y 1z = 350°°

Y>* 20.®
(
- : fo- W

Subject PM24 made an error in
continuing with the work.

not

(L) =51l X=8woo
(2) =Sbx+t8y=50-000

Subject PM24 made an error in placing
the variable.

The study continued to the third stage, namely classifying the types of students’ errors by referring to the
result of the previous stage in Table 3. The explanation below described the students’ type of error and provided
an example of the factors that led to students’ errors.

Type of conceptual error: The first type of error students made was a conceptual error. According to Hiebert
and Lefevre (1986), a conceptual error is a mistake in determining and using the theorem to answer a problem.
Correspondingly, Riccomini ( 2005) explains that conceptual error indicators include: a) incorrectly determining
the formula or theorem or definition to answer the problem; b) incorrect use of formulas, theorems or definitions
which are inconsistent with the conditions under which formulas, theorems or definitions apply; and c)
incorrectly writing formulas, theorems or definitions to answer the problem.

The subjects who made conceptual errors were PM08, PM22 and PM24. Subject PM08 made the mistake of
not changing the given information to the definition to make it easier for the next stage. Subjects PM08, PM22
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and PM24 created mathematical equations without any variables. This led the subject to not complete the work.
Based on the interview, the subject did not quite understand that he made a mistake. Subject PM22
misinterpreted problem number 4. The participant’s answer did not match the existing or taught definition.
Interview results stated that the concept known to the subject is a searched variable first. But the idea is wrong,
so the subject made a mistake.

This case also occurred with subject PM24. The subject did not understand the existing material and created
his own theory based on his feelings. The subject made an error when turning the mathematics story problems
into mathematical modelling. In the interview, he argued that the variable of an equation should start from the
variable (x) without considering the information given in the problem or regardless of the occupation that has
been occupied. Because of the subject’s misconception, he made errors. This is in line with the results of
research Cawley, Parmar, Foley, Salmon, and Roy (2001) states that large numbers of students of all ages fail to
demonstrate grade-level proficiency in solving story problems. Solving story problems is often difficult because
it requires both reading comprehension and mathematics skills as well as the ability to transform words and
numbers into the appropriate operations (Neef, Nelles, lwata & Page, 2003).

In summary, conceptual errors are made because of incorrect understanding or irrelevant understanding from
the existing provisions, so this causes a person to make errors in the process of solving problems. The indicators
of conceptual errors are a) wrong in changing the problem into a mathematical equation and b) false in using
data (Hidayat & Iksan, 2015; Herholdt & Sapire, 2014; Riccomini, 2005).

Based on the description above, the relationship of learning styles with conceptual errors made by students
can be identified as follows in Table 5.

Table 5. Relationship of Learning Styles to the Types of Conceptual Errors

Student Learning style Types of conceptual errors

PMO08 Accommodator Defining unclear variables

PM22 Assimilator Defining unclear variables

PM24 Accommodator Understanding of mathematical model as an equation

Students with accommodator learning styles pay less attention to the logical relationship among variables.
This tendency results in the difficulty of types of accommodative learning styles in arranging logical
relationships between variables and explaining the meaning of variables logically. In this type of learning style,
the dominance of intuition affects the logical framework in the subject’s thinking, whereas the interest in abstract
matters becomes an obstacle for type assimilator. The difficulty the subject experienced was translating and
defining the context of information into variables. The subject did not understand the correlation between the
context problem and the variables he worked on thus he made an error in entering the value of the variables.

Type of strategy error: The second type of error students make is a strategic error. According to Jordan &
Montani (1997), a strategy error is an error that occurs if the student chooses an inappropriate direction which
leads to a deadlock path. This is related to what Watson (1980) said, that the category of errors in problems is
related to the question of the hierarchy of skills.

Subject PM18 made a strategy error on operation number, where the answer obtained results for apple unit
price is Rp. (-) 20,000. The subject is aware of the error because no rupiah value is negative. But the subject does
not have the motivation to re-check, so, with the beginning of the process wrong, the subject experiences
deadlock. The subject prefers not to solve the problem where it affects the final result. Thus, a strategy error is an
error in the process experienced by someone in a deadlock who is continuing the settlement process (Pugalee,
2004; Montague, Warger & Morgan, 2000).

PM18, with his diverger learning style, ignored the sign (-) in doing his calculations. His interest in seeing
situations with a variety of perspectives and the use of feelings resulted in his lack of attention to small things,
such as the sign (-) in the calculation of answers. The context of fruit and price is more attractive to him than the
sign (-) in mathematical operations.

Type of procedural error: The third type of error students make is a procedural error. A procedural error is an
error in preparing the steps (O'Connell, 1999). Further explained, procedural error indicators are: a) wrong not
writing the problem in process of settlement, b) incorrectly discontinuing the settlement process, ¢) wrong in
understanding and observing the purpose of the question, d) wrong in performing addition and subtraction
operations, e) wrong in multiplication and distribution operations, f) unable to manipulate steps, g) unable to
draw conclusions with reason , and h) incorrect because the settlement step is not systematic (Rittle-Johnson &
Alibali, 1999).

Subjects who made procedural errors were PM01, PMO03, PM04 and PMOQ7. Subject PMO1 encountered an
error because they did not complete until the final process. The subject understood concepts and solutions but
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did not solve them due to environmental factors (disturbed concentration). Still, this has an impact on errors in
solving a problem. Subject PM03 made a mistake in placing the variables (x) and (y). This is because the subject
still does not understand the complex material.

Subject PM04 makes an error in the operation of integers. Of the two questions resolved by the subject, both
are the same type of error which was caused by others around him making him unable to focus.

Subject PMO07 had an error in looking at the problem. The information written by PMO7 does not match what
was asked in the question. This was due to the subject’s physical condition which lead him to make a mistake in
figuring out what was known and what was asked in the problem (Jaber, Givi & Neumann, 2013).

Thus, a procedural error is an error in using an unsystematic way to perform a settlement that affects the
outcome. The procedural error indicator is a) wrong not writing down what is known and asked, b) wrong not
solving the problem to the end, c) incorrect in the placement of known data, d) wrong in counting operations that
impact on the final result.

Based on the description above, the relationship between learning styles and procedural errors made by
students can be identified as follows.

Table 6. Relationship of Learning Styles to the Types of Procedure Errors

Student Learning style Types of conceptual errors

PMO01 Assimilator The completion procedure was not completed.

PMO03 Converger Inappropriate substitution, the omission of the sign (-)
in the settlement procedure.

PMO04 Diverger Procedure for subtracting and dividing integers.

PMO7 Converger Does not understand what to do to solve the problem.

The type of assimilator, interest in thinking, and observing are factors in the emergence of doubt in taking
action (Peker, 2009). The stages/steps that must be passed in solving mathematical problems become obstacles
for them. They were not confident and unsure of the procedures that should be followed thus making them re-
consider and re-observe the procedures. Hence, they were running out of time to solve the problem.

The type of converger who likes to think and act has no difficulty in solving mathematical equations (Orhun,
2007). However, the context of the problem becomes their difficulty in solving it. They tend to pay less attention
to the context they create themselves in a variable that they define.

This type of diverger does not pay much attention to procedural solutions (Peker & Mirasyedioglu, 2008;
Orhun, 2007). Example of errors made by the divergers in solving problems were mistaken in using
multiplication procedure in addition problem and ignoring negative sign (-) in the division of integers.

4. Conclusion and Suggestions

Based on the findings presented, it can be concluded that the types of errors made are related to student
learning styles. Divergers tend to experience strategic errors. The error of the strategy is to ignore the sign (-) in
doing the calculations, while the procedural error is in the procedure of subtracting and dividing integers.
Assimilators tend to make conceptual errors and procedural errors. The conceptual errors that the subject
experienced was the definition of an unclear variable, while the procedural error was that the complete procedure
was not completed. Accommodators tend only to experience conceptual errors. Conceptual errors are about
defining unclear variables and mathematical models as an equation. On the other side, convergers tend to make
procedural errors such as incorrect substitution, missing negative sign (-) in the solution process, and inability to
understand what to do to solve the problem.

Procedural errors tend to be made by students with converger, accommodator and diverger learning styles.
Students have difficulty in solving mathematics story problems. They often commit procedural errors in such
problems. Mathematical definition and modelling of story problems become a big obstacle for students in
solving word problems, especially for students with assimilator and accommodator learning styles. Errors made
by students in solving word problems vary, such as defining unclear variables and making incorrect modelling.
Those errors lead students to do procedural errors in solving the problems. Diverse errors of the types of learning
styles show that each learning style has advantages and disadvantages in solving math problems.

Collaborative learning with group discussions consisting of various types of learning styles is strongly
recommended in solving mathematical problems in the form of word problems. Sharing ideas from every kind of
learning style can complement each other to produce alternative solutions following the context of the problem
at hand.
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