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http://dx.doi.org/10.5539/ies.v8n6p104 Abstract The purpose of this research was to
develop student-centered learning model aiming to improve high order mathematical
thinking ability of junior high school stud ents of based on curriculum 2013 in North
Sumatera, Indonesia.

The special purpose of th is research was to analyze and to formulate the purpose of
mathematics lesson in high order mathematical thinking ability and also to develop and
to try-out the learning model developed. The subject of the research was 7th graders
from state and private Junior High School in Medan and Deli Serdang, which were taken
proportional randomly.

It was elected SMP N 36, SMPN 2 Tembung, and private SMP Bandung Bandar Khalifah.
This developmental Research that orientated on developing product was done in three
steps. From the first st ep, it was revealed that either lesson preparation (students’ book,
teachers’ guided, and lesson material) or the instrument was judged valid and need only
a little revision.

Analysis on data revealed that the students’ high order thinking ability especially in



mathematical problem solving, mathematical understanding, and mathematical
communication enhanced significantly. By analysis, the reliability of instruments on
mathematical understanding, mathematical problem solving, and mathematical
communication ability was categorized good.
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Introduction The purpose of mathematics lesson in elementary, middle level school, and
university is to prepare students to be able to adapt in the ever changing life and in the
developing world, through training that focused on logical basic thinking, rationale,
critical, accurate, ho nest, efficient and effective (Puskur, 2005).

Besides, the students are expected to use mathematics and mathematical mindset in
daily life, and to study many kinds of sciences which stress to logical arrangement and
student'’s character building and also ability to apply mathematics. It deals with
mathematics vision which it is to fulfill the nowadays and future necessity. According to
Sumarno (2005), the first vision leads to mathematics learning for conceptual
understanding and mathematics idea which will be applied in order to solve routine and
non routine, logical, communicative and other sciences (low and high mathematical
thinking).

The second vision in more wider definition and leading to future, mathematics gives
logical, systematical, critical and scrupulous ability; developing creativity, habit of
working hard and independent, impartiality, discipline, and social attitude; rising self
confidence, sense of beauty to the regularity of mathematics; also developing objective
and open-minded needed to face the future which is always changing.

In order to achieve the objective of mathematics learning above, most of the teachers
teach mathematics by explaining the concepts and mathematical operation, give
examples to answer questions, a little bit debriefing (if any). Then the session continued
by asking the students to answer the similar questions with what the teacher has
explained.

Such learning activity was also found by th e researchers when engaged in Diklat PLPG
in Medan from 2008 untill 2013 and in Saragih (2007, 2009, 2010). Here are some
findings on such model of teaching and learning. The teacher gave his students a
routine exercise and worked to solve. Determine the set solution of this equations
system. 3x + 3y = 10.500 and 6x + 5y = 20.000.

All the teachers used elimination, subs titution, and also chart methods to re solve it.
Started by giving solution example, then giving exercise questions suitable to the



examples has been given. www.ccsenet.org/ies International Edu cation Studies Vol. 8,
No.

6; 2015 105 While teaching scale concept, teachers in general directly use the formula
below: dr dmScale ? which dm = distance in map and dr = distance in reality. Lack of
teachers’ attention on independence of students’ thinking makes instructional process
to be more likely to train student’s logical thinking and only stress to remembering
mathematical concepts and procedures in order to answer questions. Students do not
have other altern ate thinking in responding to the questions.

In case difficulties emerge, the students do not have another grip as guidance. The
students will use descent procedure (Carroll & Porter, 1998) since lack of meaningful
comprehension of algorithm they use. The impact is both vision and the objectives of
mathema tics learning are not achieved.

Simila r opinion also states by Marpaung (2001), Zulkardi (2001), and Darhim (2004).
According to Herman (2006), this learning activity does not accommodate the
development of students’ ability to solv e problems, logical thinking, mathematical
connection and communication (high mathematical thinking level).

Cooney (Sumarno, 2005) suggests mathematical learning reformation by means of
replacing learning approach from immitating to learning with understanding which is
based on the opinion that “ knowing that” is a thing which must be done in the effort to
achieve mathem atics vision and the expected objective of mathematics learning. In the
case of doing math which is presented in opened problems, students are expected to be
able to check, explore, communicate, make conjecture, submit justification and arrange
argument.

Problem based (presenting non routine problem or open problem which need cognitive
and metacognitive strategy) is one of the promoting approach that is believed be able
to endorse creative and higher level thingking, study in group or interactive based on
students-centered learning. A number of former study (Saragih, 2007, 2009, 2010;
Herman, 2006; Dahlan, 2003; Suryadi, 2005; Haji, 2005) which implemented many kinds
of constructivist approaches report that improvement of high level thinking such as
logical thinking ability, communication ability, logical understanding, comprehension,
mathematical connection of senior high school students with positive mathematical
studying attitude take place.

An interesting problem is to seek a student-centered learning model that promotes high
level mathematical thinking. 2. Research Method 2.1 Research Approach This study was



a developmental research. Richey and Nelson in Armanto (2008) identified that
developmental research is oriented to product development where the developmental
process is described as accurate as possible and then product is evaluated.

Van den Akker (1999) stated it as a formative research where the research activity is
done in cyclic process and objected to optimalize the quality of product implementation
in certain situation. In mathematics learning, developmental research is applie d in cyclic
activities from designing and examining the material product of mathematics learning
(Gravemeijer, 1999). The results of the research were qualified product theoretically,
procedural and empirical methodology. The research activities are conducted in three
steps.

The three steps are figured as follow: www.ccsenet.org/ies International Edu cation
Studies Vol. 8, No. 6; 2015 106 Figure 1. Research Step and activity of developmental
research The first step of is called front-end an alysis which is intended to analyze em
pirical data to determine high level mathematical thinking which the students have to
grasp by considering 2013 curriculum.

This activity is followed by designing a mathematics learning model which is arranged
based on constructivist mathematics learning theory. By justification, analysis and
evaluation of mathematic s experts and competent teachers of senior high school such
that First Model of mathematics learning in the first grade of senior high school is
developed.

This research includes curriculum development experts from Education Office in North
Sumatera and other experts of mathematics learning. A part of instruments determine
First Model of high mathematical thinking level of which the realistic mathematics
approach has been developed by researcher (Saragih, 2007, 2009, 2010). The first
activity is conducted in the first months of this research.

The data for the first step is collected from many ki nds of measurement technique, such
as field observation (concerning with condition, situation, and culture live in North
Sumatera). Also documentation (picture and North Sumatera illustration context which
reflect mathematic s elements in it), and deep interview. Analysis of high mathematical
thinking level ability in 2013 Curriculum and adjusted to the documentary data about
condition, situation and North Sumatera culture which have mathematics elements in it
are important aspects to develop First Model of mathematics learning for senior high
school students. 2.2

Population and Sample of the Research The population of this research is all the public



and pr ivate first grade Junior High school students in North Sumatera. Samples were
chosen purposively and adjusted to the sub research design. The samples in the first
step were he students of SMP Negeri 2 Tembung and SMP Swasta Bandung. Six
mathematics education students were engaged in this research. 2.3

Technique of Collecting Data and Analyzing Data Some techniques were used to collect
data such as high level mathematics thinking ability test, questionnaire, and observation
sheet. The test was used to analyze th e students’ comprehension in high-level
mathematics thinking ability. Questionnaire was used to know the attitude of the
students in the case of learning process and mathematics concepts.

Meanwhile, the observation sheet was used to know the degree of learning model
implication applied in the classroom towards teachers and students’ activities in
instructional process. 2.4 Research Systematic High-level mathematical thinking as a
goal of the learning process remains a serious problem. It directly implies to the vision
and goals of mathematics education that ach ieved not fit to what expect ed.

There is some aspects influence high mathematical thinking level ability such as teacher,
student s, method/approach of learning, www.ccsenet.org/ies International Edu cation
Studies Vol. 8, No. 6; 2015 107 mathematics material, accommodations. Generally, the
problem in this research can be visualized in Fishbone Diagram below. Figure 2.

Fishbone research diagram Of the content, prerequisite material would be adjust ed; the
accordance of concept to the student’s cognitive level would be fitted; the fitness of the
context to the students’ daily life will be discussed to formulate characteristic of high
mathematical thinking level. Of the teaching model or approach, many of them suitable
to the students-centered learning will be explored.

The teac her's ability to design and develop learning material suitable to the
students-centered le arning model will be elaborated th oroughly on teacher aspect. The
improvement of high mathematical thinking ability level and the students’ positive
attitude toward mathematics and learning model as impact of learning process will be
discussed in student aspect. Moreover, supporting equipment, library, laboratory, and
school environment in conducting learning process will be studied.

The school society discussed in general, endorsement of higher education as expert
supplier and human resources to achieving improvement in education will be explored.
Based on figure above, steps done in this research are developing and designing
students-centered learning model and also formulating high mathematical thinking
level of junior high school students’ competence. 3.



Findings and Discussions The research findings indicate that either lesson plan or
instrument was judged valid by validators. Empirical data indicated that the entire
instrument has validity and reliability of high category. The reliability of mathematical
concept understanding test was 0.744, math ematical problem solving was 0.88, and
mathematical communication was 0.788.

The validity of each test was in the table below consecutively. Table 1. Validity of
mathematical concept understanding test No r xy Tobserve Ttable Interpretation 1 0.89
9.08 2.05 Valid Significant 2 0.82 6.92 2.05 Valid/Significant 3 0.74 8.34 2.05
Valid/Significant 4 0.71 6.26 2.05 Valid/Significant Reliability Statistics (R) = 0.744
www.ccsenet.org/ies International Edu cation Studies Vol. 8, No. 6; 2015 108 Table 2.
Validity of mathematical problem solving test No R xy Tobserve ttable Interpretation 1
0.64 10.41 2.05 Valid Significant 2 0.69 10.00 2.05 Valid/Significant 3 0.57 8.69 2.05
Valid/Significant 4 0.64 7.59 2.05 Valid/Significant Reliability Statistics (R) = 0.88 Table 3.
Validity of mathematical communication test No r xy Tobserve ttable Interpretation 1
0.89 10.41 2.05 Valid/Significant 2 0.82 10.00 2.05 Valid/Significant 3 0.74 8.69 2.05
Valid/Significant 4 0.71 7.59 2.05 Valid/Significant Reliability Statistics (R) = 0.788 In
addition, picture used in student sheet was revised to make it more interesting and
clear. The sheet can be seen in the Figure 3 below. www.ccsenet.org/ies International
Edu cation Studies Vol. 8, No. 6; 2015 109 Figure 3.

Student sheet The findings indicated that either le sson plan or instrument exactly meas
ured what should be measured in accordance to the material taught. The high reliability
of the test indicated that it was consistent in repeated using. According to Arikunto
(2013) the test then can be used for the purpose of the research.

The member of researchers’ team, Muhammad (2013) found that the improvement of
the students’ mathematical communication ability that taught by co ntextual teaching
and learning for all indicators is higher than those taught by ordinary learning.
Rahmiyana (2013), found that the improvement of students’ mathematical
communication ability in STAD cooperative learning classroom is higher than those in
direct instruction.

Besides, there is no interaction between learning model and mathematical previous
knowledge on the improvement of the students’ mathematical communication ability.
Hambali (2013) showed that the improvement of the students” mathematical concept
understanding wh o taught by contextual teaching an d learning (CTL) is significantly
better than those got ordinary learning.



Ahmad (2013) found, by qualitative analysis, that students’ mathematical creative
thinking and mathematical communication taught by realistic mathematical education is
better than those taught by direct instruction. The differences emerged caused by some
factors either from STAD cooperative learning model or contextual teaching and
learning (CTL) appr oach.

Namely, learning, teacher, interacti on, and learning material factor that make different.
Besides, the students in that classrooms are more active while learning than their
counterparts in directly or traditionally ones. www.ccsenet.org/ies International Edu
cation Studies Vol. 8, No.

6; 2015 110 In the part of learning model/approach factors, the researchers used those
parts of model that focus on the students’ activities. According to Suparno (1997),
Ruseffendi (2004), Armanto (2001), Soedjadi (2004), Saragih (2009), learning models
used are meaningful learning and very close to the core of constructivism.

This is strengthened by Suparno (1997) and Saragih (2010) that the principles of
constructivism are; (a) knowledge is built actively by students themselves; (b) the
responsible of the learning process are the students; (c) teaching is assist students to
learn; (d) teaching and learning process more be strengthened on the process than last
result; (e) teacher is facilitator.

According to Davis (1996), constructivism in mathema tics learning is oriented to (a)
building knowledge through assimilation and accommodation process; (b) doing
mathematics is answering what, how, and why; (c) new information should be in relating
to previous experience through a logic framework by transforming, organizing, and
interpreting the experiences; and (d) focus of learning is how the students think, not
what he writes and says.

According to student-centered learning approach, knowle dge is built by students
themselves through exploring some situations and real world problems by mathema
tization process. Mathematic s is not presented as a ready—-made product to be
transferred to the students by imitating, practicing repetition, and memorizing. In this
case teachers are more expected create and pose problems (learning material) that very
close to the students’ daily life.

It would endorse and encour age students to be more engaged indi vidually or in group
in the teaching and learning process, mainly in observing, investigating, and draw
interesting conclusion from the given data, or making hypotheses. In such condition,
students’ crea tivity, skill and ability are empowerd and developed well. Mathematical



concept understanding grasped will be more meaningful.

According to Suparno (1997), meaningful learning is a learning process where new
information is connected by using available cognitive stru cture. It means that
meaningful learni ng takes place when students attempt to connect new phenomenon
to his knowledge structure. That is why students’ previous knowledge is very important
for a teacher.

Moreover, notably the characteristics of contextual teaching and learning enable
students to make difference in comparing to their counterpart in ordinary classroom.
The differences are exposed clearly on students’ answer sheet. In the traditional
learning, students only work on similar exercises to the teacher exemplified. While in
contextual clas sroom they are forced to solve prob lem of context given by teacher.

By exploring the context of problem, the students’ patterns of thinking are not limited
only to text-book but even develop their own ways and steps assumed accurate.
Elsewhere, Saragih (2009, 2010) found that students’ reasoning were improved through
realistic mathematical education approach. Sinaga (2007) developed mathematics
learning model based on bataknese culture and found that students’ activities in
teaching and learning proces s were improved.

Some Postgraduate students of State University of Medan (Sitorus; 2011; Setiawan,
2010; Siahaan, 2011) found students’ mathematical problem solving, mathematical
connection, mathematical reasoning ability, and attitude towards mathematics and
motivation were improved. 4. Conclusion Based on the findings, it can be conclu ded
that (1) as one of the goals of teaching mathematics to junior high school students,
higher order mathematical thinking ability need serious attention (2) student-centered
learning model with some learning approach significantly able to improve some
mathematics competencies (doing math), students learning activity, students attitude
toward mathematics and motivation. References Armanto, D. (2008-2009).
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