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Abstract—The cognitive development of students of
elementary teacher education consists of their acquisition of
knowledge and formation. Meaningful science encompasses
scientific concept and cognitive skills. Having logical thinking
abilities can be helpful for understanding the concept in science.
Based on data of formative test, most studentst got bad
examination results in the last semester. Some students think that
learning science is very difficult. This study aims at describing a
correlation between the logical thinking abilities and
understanding of concept in science for the students of
elementary teacher education. The 30 students chosen randomly
are observed during the learning process in science. The result
shows that there is a significant correlation of logical thinking
and understanding of concept in science. A contribution logical
thinking to understanding of concept in science is only 18.9%;
this is a low contribution. According to the scores on Test of
Logical Thinking (TOLT), there are only 23.3% of the students
who have reached the concrete stage; 53.3% of the students who
have reached the transitional stage; and 23.3% of the students
who have reached the formal stage. The other factor can
influence to maintain their understanding and reasoning about
the specific concept in science.
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I. INTRODUCTION

The importance of learning in science for the students of
elementary teacher education is to understand about concept
and their thinking, that a science processes skill and develops
a positive attitude. However, science perspective as one of
subject matter is required in the education. In fact, our
education is lack of giving the students changes to develop
their holistic, creative or logical thinking and it does not make
an attempt for mastery learning in the individual. Learning
science does not only transfer knowledge from teacher to
student, but also it is about knowledge construction through
student thinking activity involving the processes and activities
of scientific work. Commonly science in schools of Indonesia
is more theoretic than inquiry, so the students are unable to
solve the problems in daily life [1]. This condition takes the
students to the university. Cognitive development of the
student of elementary teacher education consists of their
acquisition and formation of knowledge. Explanation on how
human being to create knowledge has been influenced by four
factors; there are language skill, logical thinking ability,
experience, and interest [2]. Another has considered at that

time we analyze data or process information to find the truth,
surely we require of thinking skill.

Thinking process like capturing a reality, formulating into
a sense, two or more understandings can be arranged into a
decision. Finally the decision is assembled into a conclusion.
The assertion of decision is expected to be a truth. The object
observed requires a sensory experience directly in the
surrounding environment and the activity of thinking is to
generate ideas. Concept is one from of the ideas. Concept is an
abstract and general representation of something. In science,
concept is a basis for higher mental processes to formulate
principles and generalizations  [3]. The concept is a
description of the characteristics of an object that may
distinguish from the other object [4]. In accordance with
Berg, concept is an abstraction of characteristics about
something that facilitates communication among humans and
allow humans to think [5]. It can be concluded that concept is
an idea to describe certain characteristics of an activity that
has meaning in order to facilitate communication.  Usually
learning concept in science becomes a serious problem,
because every student has a different stimulus. Understanding
concept must be appropriate to the rules based on which the
concept is obtained

Piaget’s theory on cognitive development involves a
proper equilibrium between assimilation and accommodation
[4]. That means, for this equilibrating process the students are
active simultaneously to assimilate a piece of the environment
and accommodate mental structures to understand better or
adapt to the piece of the reality. Mental structures and
schemas develop continuously. Furthermore, since the
students have entered the school age, the cognitive
development has evolved. Piaget divides the logical thinking
stages into sensory-motor (ages 0-2 years), preoperational (age
2-7 years), concrete operational (age 7-11 years), and formal
operational (age 11-16 years).

Based on data of formative test, most students got bad
examination results in the last semester. Some students think
that learning science is very difficult. However, the students
comes into our classes with a range, prior ideas, or
conceptions on the physical world. They are not ‘empty
vessels” [6]. The process to understand the concept enables
every student to have different conceptions from the others
based on their experiences of discovery on learning in science.
Along with their age, learning in science encourages curiosity
to investigate, predict, control variables, interpret data,
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formulate hypotheses, and communicate. Scientific knowledge
takes the form of system of concept and theories [7].

Conceptual understanding involving the logical thinking
helps the students to identify and correct their misconception.
Meaningful science encompasses the scientific concept and
cognitive skill. Having a logical thinking abilities can helpful
to understand the concept in science. With logical thinking the
students solve the problem by conducting the various mental
practices, or reach principals or rules by executing some
abstraction and generalization [8]. In accordance with
Hackling, to be successful in science and in understanding the
concepts of science are directly associated with formal
reasoning skills [9].

Il. METHOD

In this study, the researcher analyzes the data
quantitatively. The samples of this study are 30 students
chosen ramdomly; they were observed during their learning in
science. Data were collected at two different ways. The
students' logical thinking ability is measured by the Test of
Logical Thinking (TOLT). This test was developed by [10]
according to Piaget's cognitive developmental phase. TOLT
consists of 10 items designed with multiple-choice format to
measure variables of controlling, proportion, probability,
correlation, and combination with reasoning. The students
took the TOLT translated into Bahasa Indonesia.
Classification of test scores is as follows: 0-1 is concrete, 2-3
are transitional, 4-7 are formal, and 8-10 are highly formal
[11]. Assessment for understanding the concept of science was
developed with the concept of science selected according to
Bloom's Taxonomy. Students take the test using a paper-and-
pencil essay test format. This test consists of 75 questions.

I1l. RESULTS AND DISCUSSION

The result based on descriptive statistics (Table 1)
indicates that the logical thinking student of elementary
teacher education to have influence to understanding of
concept in science.

TABLE . MODEL SUMMARY
Model
1
R ,435
R Square ,189
Adjusted R Square ,160
Std. error of the Estimate 13,953
Change R Square Change 61227
Statistics | F Change ’
1
df1
28
df2 016
Sig. F Change ’

a.  Predictors: (Constant), X

According to table of Model Summary, the correlation
between logical thinking and understanding of concept in

. T F
science was low, namely: ( *¥) = 0.435 and SMa™8% =
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6.517 with p-value = 0.016 < 0, 05. Whereas, the
determination coefficients from table is R Square = 0.189, the
result indicated that contribution of logical thinking is only
18.9% to the understanding of concept in science. Most
students used their thinking discrepancy between fact and
concept. In fact, each student of elementary teacher education
have conceptions different from the scientists’ conceptions.
Commonly these are called misconceptions [12], [13], [14].
These conceptions are similar in age, gender, abilities and
culture [3]. Piaget has shown that some children begin to
reflect an ability to engage in formal, abstract thought. As we
have known that the cognitive development has a permanent
and hierarchy stage, maturity, experience and social
transmission. Naturally, in accordance with [15] intellectual
development stage is hierarchy. The structure that seems in
each stage is integration from the previous one, and consists of
initial awareness and mastery periods. Transition of both
periods continuously happen. Each of people follows the same
sequence. That means, each of them has the same intellectual
development since their infancy to adolescence.

However, most students of school elementary teacher
education at Unisma Bekasi have a low understanding on
science concept. Therefore, the students are not accustomed to
using their thinking. That is the other factor than can influence
to maintain their understanding and reasoning about the
specific concept in science. Hence, planning and
implementing a science program also requires a thorough
understanding on students' characteristics. But, but in this
study the consideration is in relation the curriculum, teaching
effort and text book that can influence how the students
contract their knowledge. In accordance with [5] that the
nature and structure of science have often been presented as a
set of fact, concept, and principles “given” to us by someone
else. The matter that must be considered at this point is
knowledge on what the students think about, because
misconceptions on the part of the teacher can result a negative
effect in the students' prior knowledge and deficiencies of
understanding [16]. For example, a large proportion of many
textbooks on science often present concept of science
requiring a type of abstract thinking in the elementary grade,
which is not provided for the students. Moreover, this problem
ensures as a practical application for understanding functional
characteristics on abstract and concrete thought. The
development of an operational understanding of concept of
classification, serration, number, space, time, weight, and
other that have been considered is said to be necessary
prerequisites to the later abstract thinking [5].

The abilities of the students’ logical thinking can provide
information about the cognitive level (Table 2). In accordance
with Demirel, logical thinking includes effective use of
numbers, finding scientific solutions to problems, realizing
differences among concepts, classification, making
generalization and calculations, and providing hypotheses [9].
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TABLE Il. FREQUENCY DISTRIBUTIONS OF SCORES FROM TOLT
Interval Score f % Cognitive
Level
0-1 7 23.3 Concrete
2-3 16 53.3 Transitional
4-7 7 233 Formal
8-10 0 0 Rigorous formal
Total 30 100.00

Description on the students' logical thinking abilities of
school elementary teacher education at Unisma Bekasi is
almost in a transitional level. The results of Test of Logical
Thinking (TOLT) are only 23.3% of the students reaching the
concrete stage; 53.3% of them reaching the transitional stage;
and 23.3% of them reaching the formal stage. That means that
each of the students have different cognitive levels. Reference
[5] cognitive development is a continuous process and shows
a remarkably similar sequence among individual. The concrete
students can also be identified that they are probably rather
difficult to develop their thinking. In accordance with [17]
concrete students can be instructed with instructional materials
that provide first-hand experiences and concrete problems. To
be able to promote meaningful learning, teacher should help
students to construct abstract key concepts, to realize the
interrelationships among the concepts, transfer and integrate
what they learn in one course to another and to their daily
lives. The formal students should be able to perform:
hypothetical-deductive reasoning, probability, combination,
identifying and controlling of variables, proportions and
correlations,  eliminating  experimental ~ contradiction,
propositional logics [5]. And, the students of school
elementary teacher education in concrete and transitional
levels should be able reach the logical or abstract thought due
to their thought development potency.

There are many ways to provide a rich learning
environment facilitating the students to increase their
knowledge; these are inquiry methods with constructivist
approach [18], PBL approach [10] and conceptual change
[19], [20], [21], [22].

IV. CONCLUSION

Science should be facilitating the students to understand of
science concept and their thinking. The students’ conceptions
from useful prior knowledge can build on [6 ]Jwith logical
thinking abilities that should be given new emphasis in the
teaching and learning of science [23]. Thus, this is an attempt
of educators to ensure of the students’ optimum development
toward logical or formal operations.
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