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Abstract

This article is based on research cooperation of Foreign Affairs in the first year, which was
carried out between the team of lecturers from the Department of Mathematics Education
Unnes (Indonesia) with Dr. Chin Kin Eng, a lecture of Mathematics Education from Universiti
Malaysia Sabah. The main objective of this research in the first year is to uncover the cause of
the students error in resolving Discrete Mathematics by Newman Errors Analysis (NEA). The
Results of this research will be used as the basis for the subsequent research that reveal the
mathematical creativity of the students. Outcomes of this research is the publication of research
results in the International Journal and seminar at the international level. As a qualitative
research, data collection through an analysis of the results of tests, questionnaires, observations,
and interviews. Data analysis are data reduction, exposure of data, synthesising the data,
triangulation, and the inference/verification. According to research, known that students errors
in resolving discrete mathematics caused by: (1) the student did not know the meaning of a
symbol or an existing term in the problem (Reading Errors), (2) the student did not understand
the meaning of the problem, namely the student fails to write what is known and what is being
asked (Comprehension Errors), (3) students forgot a formula that will be used or
strategy/procedure what to do (Transformation Errors), (4) students could not make the
problem-solving algorithms in sequence and correctly (Process Skills Errors), (5) the student
could not answer according to the question (Encoding Errors), and (6) the student could not
translate well, especially about which was written in English (Language Errors). Errors caused
by carelessness students (Careless Errors) was not found. After giving Learning Therapy for
the provision to resolve a problem through the algorithm and the correct sequence, the causes
of the error of some students could be minimized, so that the number of students who were
experiencing errors could also be reduced. Results of this research became the basis for
continued research in the second year, which will be revealed and developed the mathematical
creativity of students with prepare advanced research instruments.
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1. Introduction
1.1 Background

Society of Sabah Malaysia and Indonesia, especially in Semarang, often referred to as a nation
allied but different countries. Therefore, research cooperation will be carried out between the
team of lecturers from the Study Program of Mathematics Education, Semarang State
University (Indonesia) with Dr. Chin Kin Eng, a lecture of Mathematics Education from
Universiti Malaysia Sabah. According to Mann (2006), the essence of mathematics is the
mathematical creativity. Furthermore, Perkin (2006) and Sambo (2014) emphasizes that the
creative power of mathematics is very important and needs to be developed at the school. In the
first year of research, before a model disclosure and improvement of mathematical creativity is
developed, students need to be trained in advance in order to avoid mistakes in the work on the
problems and avoid optimally causes the students to see mistakes. Disclosure fault location and
cause of the error based on the Newman Error Analysis (NEA).

If the findings of NEA can be detected the fault location and cause of students errors in doing
math, then the students can be given Learning Therapy, followed by the preparation of the
instrument by researchers to uncover the creativity of mathematics to students in both countries.
Referring to Wang (2011) and Mann (2005), instruments for the 2nd year research that will be
tested include flexibility, fluency, originality, and elaboration.

1.2 Problems

Based on the background above, the problems of this cooperation research with foreign
countries in the first year as follows.

1) By using Newman Error Analysis (NEA), where are the errors and the causes of the
Mathematics Education students error in doing mathematics problems?

2) What are the actions of Learning Therapy to minimize students errors which have
expressed through the NEA?

1.3 Main Objectives of The Research

The main objective of the research (year 1 and year 2), to find a development model of
increasing students mathematical creativity of Mathematics Education Department, Semarang
State University and Universiti Malaysia Sabah based on the findings of the NEA, by finding
points of similarity and the difference of the two allied nations but different countries.

1.4 Target Outcomes

The target outcomes of this research are the publication of the results of this research in the
International Journal and also seminar at international level. Designed, the research was
conducted in two years. The first year, will reveal the location and cause of why the students of
Mathematics Education in both countries made a mistake, using Newman Error Analysis (NEA)
as a tool. Furthermore, continued with action Learning Therapy. After that, proceed with the
preparation of the draft instrument to uncover and develop the mathematics creativity of
students in both countries.
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2. Review of Literature
2.1 Newman Error Analysis (NEA)

Newman Error Analysis (NEA) is often called the procedure Newman. NEA is widely used
and applied in different countries and used as a tool to determine the cause of the various types
of errors made student or students in doing math problems.

In solving math problems, especially in the form of the description and nature of literacy, the
error must be avoided as much as possible. The ability to do math with careful steps, right, and
detailed often referred to do math through Mathematical Literacy. Hofer and Beckmann (2009)
writes that the mathematical literacy is an individual's capacity to identify and understand the
role that mathematics plays in the world, to the make well-founded judgments and to use and
engage with mathematics in ways that meet the needs of that individual's life as a constructive,
concerned, and reflective citizen. To be able to work on the problems, Dahlin, B & Watkins, D
(2000) asserts that the understanding is more likely to lead to high quality outcomes than
memorizing. Math-related learning, faculty should also encourage students to try to do math
carefully, including through the inquiry/investigation carefully. Wachira, Pourdavood, and
Skitzki (2013) in a journal wrote that mathematics instruction should provide students
opportunities to engage in mathematical inquiry and meaning making through discourse, and
teachers should encourage this process by remaining flexible and responsive to students'
response and feedback.

In mathematics learning, studying in depth and avoid the mistakes indispensable. On the other
hand, repetition of material for students who are relatively weak is also still needed. Although,
Marton, F & Saljo, R (1976) writes that in mathematics education, there has been tension
between deep learning and repetitive learning. Further reaffirmed that in western culture often
repetitive learning is positioned as the opposite of deep learning and understanding. In the
study of mathematics, the student or students need to understand the material. Not only
memorized, so that students avoid mistakes. Lie, S (2006) also writes that: Western educators
emphasise the need for students to construct a conceptual understanding of mathematical
symbols and rules before they practice model the rules. Watkins, D & Biggs, JB (2001) also did
not agree that the learning of mathematics dominated by memorization activities. They found:
One aspect of the criticism is that rote learning is known to lead to poor learning outcomes.

Searching or tracing on the cause of the students error in solving math problems, especially in
the form of a description which will be revealed through qualitative research. Study is based on
analysis of the sequence error using the NEA. NEA as a tool to find the cause of the fault types
of students in working on the problem, are worldwide regarded as already implemented in
various parts of the world such as India, Malaysia, Thailand, Australia, and so on. The
following will discuss about the NEA as a tool in finding the cause of the error or the students
in working on math problems.

From the writings of White (2005), Singh, Rahman, and Hoon (2012), Jha (2012), Prakitipong
and Nakamura (2006), it can be concluded that the order of procedure in determining the cause
of the error Newman student in solving math problems is as follows.
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1) Errortype R, if the cause of students can not read because, in a sense can not understand the
meaning of symbols, terms, or words used in the problem.

2) Error type C, if the cause of students do not understand the meaning of the problem that
characterized by students can not write what is known and what is being asked by the
problem.

3) Error type T, if the cause of students fails to specify what formula is used or failed to find
strategies or procedures to be used.

4) Error type P, occurs if the cause of students fails to work or student is not in accordance
with the algorithm correctly.

5) Error type E, if the cause of students not able to answer according to what is being asked by
the problem.

2.2 Mathematical Creativity
2.2.1 Mathematical Creativity and Its Developments

The specific objective of this research in the first year, to uncover the cause of students error in
solving Discrete Mathematics problems by Newman Errors Analysis (NEA), which will be
used as a means toward continued research to uncover the mathematical creativity of students.
Disclosure of the mathematical creativity of students will be conducted to the second year
research. The creativity of mathematics or mathematical creative thinking abilities, an act of
thinking that generates creative ideas or new ways of thinking, original, independent, and
imaginative in mathematics. Creativity can be seen as a mental process. This creativity refers to
the ability to think more one step forward and is a product of ideas than to most others.

In line with the above article, then according to Naiman (2006), Creativity is the act of turning
new and imaginative ideas into reality. Creativity involves two processes: thinking, and then
producing. Innovation is the production or implementation of an idea. If you have ideas, but do
not act on them, you are imaginative but not creative. So, Naiman illustrate that creativity as an
act of turning imaginative ideas and a new character into reality. Creativity involves two
processes of thought and then produce. Innovation is the result or the implementation of an idea.
If someone has ideas but not through processes that then someone was saying imaginative but
not creative people.

Hasan (1997) wrote that the word "kreativitas" (in Indonesia) comes from the word of the West
"creativity" which means efforts to create or creativity. Word of creativity also comes from the
Latin word creare which means "to make". However, according to Torrance (1988) is very
difficult or impossible to provide a definition that is really appropriate. Cause, because the
characteristics of creativity itself also infinitive and involve all the senses possessed by humans,
including the senses of sight, hearing, smell, taste, and feeling. Torrance (1988) also added that
it is very difficult to express the definition of creativity in the form of words. Apart from that,
Isaksen (1987) also support the notion Torrance above, by asserting that very difficult to give a
precise definition of creativity which is concerned with the nature of creativity itself.
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Isaksen (1987) added another, that no one any discipline can assume that only the disciplines
that are entitled to examine the power of creativity. Morgan & Forster (1999) explains that in
the field of education, the educators in their efforts to know for sure that creative students need
to understand what is meant by the power of creativity. According to Goh (1993),
understanding of the concept of creativity is very important for teachers because through
understanding, will be available one pattern to guide teachers in designing and implementing
typical exercise program to improve students' creativity.

Cropley (2001) argued that overall the experts in the field of creativity agree that creativity has
three main elements, namely: (1) Authenticity (something the product, action or creative ideas
should aberrant). (2) Achievement (achieve desired goals). (3) Ethical (the term creative power
is not usually used to describe acts like an arrogant selfish, destructive behavior, and the like).
In conclusion, understanding the concept of creativity is in fact, very important especially for
prospective teachers or teachers whose role fostering creativity of students in class.

This creativity, needs to be cultivated first among students of teacher candidate. Mathematical
creativity is indispensable when it later if teacher candidate after as a teacher wants to establish
a mathematical creativity of the students, especially when students need to solve the problems
of mathematical challenge.

So, the students creativity can be formed, then there are seven attitude of lecturer who should
be: (1) willing to listen to opinions, questions, or even complaint of students; (2) willing to
respect the opinion of the students, even if it is incorrect; (3) foster and develop self-confidence
of students; (4) is ready and willing to provide a challenge to the students; (5) encourage
students to dare to express ideas; (6) did not dare to create a sense of fear among the students
themselves. The attitudes above are required by the students, because if students are wrong,
for example, the student would not dare to try new things, which means students' creative
power is not formed. Increased creativity of the students need to be analyzed and escorted in
order to avoid a failure in the process of enhancing the creativity of mathematics.

Eric Louis Mann was a lecturer of Mathematics Education at the University of Connecticut
who wrote in a journal on mathematical problems that are expected to form the Mathematical
Creativity, which are the open ended problems. According to Takahashi (2006), the open
ended problem is a problem that has many solutions or solving strategies. The use of open
questions give the student or the student resource rich experience in interpreting the problem
and allow students to produce different solutions.

According to Mann (2005) and Wang (2011), indicators of student grows their the
mathematical creativity are (1) student flexible (flexibility) to solve the problems that have a
lot of strategies/different way of its solution, (2) student fluent (fluently), which is indicated by
the ability to produce the right answers that different, (3) student has the original work
(originality), the solution is the work her/himself, and (4) student has a conscientious, right,
and detail (elaboration) in resolving the problem.
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3. Research Methods
3.1 Subject and Location of Research

Subjects of this research, chosen 5 to 10 students of Mathematics Education from the State
University of Semarang, and 5 to 10 students of Mathematics Education from Universiti
Malaysia Sabah. Location of research: (1) In Mathematics Education Study Program,
Department of Mathematics of Semarang State University, Gunungpati, Semarang, Indonesia
and (2) in Mathematics Department, Faculty of Psychology and Education - Universiti
Malaysia Sabah, UMS, 88400 Kinabalu.

3.2 Collection and Analysis of Data

As a qualitative research, the collection of data through an analysis of the test results,
questionnaires, observations, and interviews. Data analysis are data reduction, exposure of data,
synthesising the data and triangulation, and than inference/verification.

3.3 Indicators of Accomplishment
The research results indicators are as follows.

1) Can be revealed the location and cause of why the students of Mathematics Education of
Semarang State University and Universiti Malaysia Sabah made a mistake, using Newman
Error Analysis (NEA) as its tool and forwarded to the Learning Therapy action.

2) There are operational actions namely Learning Therapy as a follow-up of the indicator
number 1.

3) Composed of the instrument draft to reveal the mathematical creativity of students in both
countries based on components: flexibility, fluency, originality, and elaboration.

4) Publication of the first year of research products in the International Journal and the
International Seminar.

4. Results of Research
4.1 Cause of Error According to Newman Errors Analysis (NEA)

After lecturer gives the material, then the students were given about the subjective problems.
Furthermore, after corrected by the lecturer, the table of initially findings are as follows.

Table 1. Acquisition Scores

Score The number of students
86— 100 3

81 — 85 10

71 —80 12

61-70 7

0-60 0

The sum of students 32
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Type of Error The number of students

Type R or Reading Errors 1
Type C or Comprehension Errors 2
Type T or Transformation Errors 3
Type P or Process Skills Errors 12

Type E or Encoding Errors 9
Type L or Language Errors 2
Type X or Careless Errors 0
No Errors 3
The sum of students 32

While the cause of the students error in solving the problems of Discrete Mathematics by
Newman Errors Analysis (NEA) had findings/results as follows:

1) Errors because students did not know the meaning of a symbol or a term that is in the
problem (Type R or Reading Errors).

Based on the result of the analysis of
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(}';5 Cionrnte n® l;’a’;’ 9 ):g;z;fi‘"'? """"" revealed that the cause of the error

2 ‘_5‘__1" i'jfo__\"u‘ig 2 . ; é - because the student did not know the

student work and interviews it was

e sl o A S— meaning of a symbol or a term that is
ot ‘ — = e in the problem.

2) Errors because students did not understand the meaning of the problem, the students failed
to write down what is known and what is being asked (Type C or Comprehension Errors).

— o - Based on the result of the analysis of
@- Di_‘ﬁ?\' d,=0,= student work and interviews it was

o e P - *——Qn—_-z—r——n 7% revealed that the cause of the error
. : — because the students did not
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. ,,-_/ == what is being asked correctly.

3) Error because students forgot a formula that will be used or strategy/procedure what to do
(Type T or Transformation Errors).
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4) Error because the students were not able to problem-solving algorithms in sequence,
detailed, and correct (Type P or Process Skills Errors).
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5) Error because the student could not answer the question because according to (type E or
Encoding Errors).
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6) There are errors that occur, because the students did not successfully translate well,
especially the question written in English (Type L or Language Errors).
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The problem was taken from Clark and Holton (1991), which was given to students were as
follows. A high school wishes to timetable for examinations in nine different subjects. Of
course if there is a pupil doing two of these subject their examinations must be held in
different time slots. The table below shows (by crosses) which pairs of subject, labelled A
to I, have at least one pupil in common. The school wishes to find the minimum number of
time slots necessary and how to allocate subjects to times accordingly. Interpretting this
problem as a graph colouring problem, find the minimum number of time slots needed and
a suitable time allocation of the subjects.

A B C D F G H I
A X X X
B | X X
C | X X X
D X X X
E X X X X
F X X
G X X
H X X X
I X X

There were students who did not give the solution of the problem above.

7) The error due to carelessness (Careless Errors), not found.

4.2 Giving Learning Therapy

Learning Therapy done by providing examples of various problem-solving of Discrete
Mathematics in the following manner. (1) Studying material prerequisite underlying of the
problem solution (to avoid the cause of the error type R). (2) Practicing understand the problem
by writing what is known and what is being asked correctly (to avoid the cause of the error type
C). (3) Practicing to write a formula or a strategy of solution so that further work has a clear and
correct direction (to avoid the causes of errors of type T). (4) Solving the problems based on
formulas and strategies that have been carefully selected, detailed, and completely (to avoid the
cause of the error type P). (5) To train the students to recheck of their work in answer the
question in accordance with the question of the problem (to avoid the cause of the error type E).

Moreover, in order that students skilled in working on which is written in English, then
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students have a lot to learn English. After the Learning Therapy is given for the provision of
how to solve a problem that is correct as described above, then the cause of the error
experienced by some students above can be minimized, so that the number of students who are
experiencing errors can also be reduced.

These results as significant input and a means to continue the research in the second year,
which will reveal and develop the creativity of students by arranging the advanced research
instruments that reveal the mathematical creativity.

4.3 Follow-Up

Assuming that a student has been unable to escape and reduce the various factors that cause
errors in working on Discrete Mathematics, the follow-up of the results of this research are as
follows.

1) Make the draft of instrument to reveal the mathematical creativity of students in both
countries in the components of flexibility, fluency, originality, and elaboration.

2) Through qualitative research, re-expressing the growth and increase of the creativity of
mathematics to students in both countries, which include: preparation of the instrument, the
use of instrument, preparation of the manual, device evaluation and analyze.

3) Publication of the second year of research products in the International Journal and the
International Seminar.
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