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The purpose of this study is to find out the critical thinking skills
indicators and aspects of prospective elementary school teachers in
mathematics-science integration lectures on electrical circuits and
mathematical logic lesson. This research uses random sampling

Accepted Aug 12, 2018 technique in which 30 first semester students were chosen randomly

from one of university in Padang region West Sumatera Indonesia.
Keywords: This research uses Research and Development (R & D). The critical
thinking skills are seen from processes, observations, and tests. The
process of critical thinking skills of prospective elementary school
teachers on the average of critical thinking skills indicator is 84% in
strategies and tactics, 80% in advanced clarification and 83% in
elementary clarification, basic support, and inference. The result of
observing the critical thinking skills of prospective elementary school
teachers on the average of each lectures is significantly increased to
be 81.9%. The results of pre-test and post-test were increased
significantly. It is shown from N-gain of 0.7 to be medium category.
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1. INTRODUCTION

The development of knowledge and the demands of the working space must be followed by the
development of the abilities and skills of college students as future teachers. One of the efforts that can be
done to develop the college students’ skill and abilities is by integrating one discipline with other disciplines.
This attempt is expected to develop the profundity of the content and the relationship between these
disciplines. In addition, this effort is also expected to train the students' skills as prospective elementary
school teachers in developing a lesson. Collins suggests that the integrated learning will occur if a reasonable
occurrence exist or a topic is explored. By actively participating in the exploration, the students will learn the
teaching materials and the learning process of several fields in the same learning process. Further, it is stated
that integrated learning as a process has several characteristics namely: holistic, meaningful, authentic, and
active. The integrated learning begins by identifying concepts, skills, attitudes that are overlapping in several
disciplines or several fields of study [1]. In general, the basic disciplines of primary education like science
and mathematics are two areas that are allied and interrelated. The integrated science and mathematics have
long been a highlight in the educational field. The development of science, mathematics, and technology in
the 21st century are factors that triggers the existence of integrated science and mathematics. Many studies
have been conducted in the term of the integration of the two disciplines. This condition is expected to
improve the development of knowledge, skills, and the quality of education. This is in harmony who states
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that the integration of these two disciplines in a lesson will enhance and broaden the subject of both
disciplines. In addition, the two disciplines can complement each other [1].

Science is a part of knowledge that understands the system of nature and part of a self-contained
science that continues to be explored and improved [2]. Mathematics allows the students to acquire the skills
to analyze various problems or situations, anticipate, plan, make decisions, and solve problems. Mathematics
is served as a tool for learning science, technology and other disciplines [3]. Proposes a pattern of integrating
science and mathematics with five different principles of integration: (1) Sequence integration pattern:
involves the study of science and mathematics sequentially; (2) Partial integration pattern: involves
incorporated and separate learning from science and mathematics; (3) Pattern of stratified integration: the use
of one of the disciplines as the main and other disciplines as a supporter; (4) The pattern of total integration:
integrates concepts of science and mathematics simultaneously; (5) Pattern of parallel integration: separates
but simultaneous learning with science and math [1]. The principles developed by Hurley are used to put
forward the principle of integrated learning independently that every principle emphasizes different ways.

The learning process that utilizes the integration of mathematical and science for the students as
prospective elementary school teachers is necessary. Integrated science in learning is necessary for teachers
to plan, design and implement the learning process absolutely [4-5]. The integration can provide a significant
effect in improving the critical thinking skills of the learners [6]. The integration of science and mathematics
provides an opportunity for the students to apply real disciplines in relevant situations from different
perspectives [7]. This is done in order to develop the skills and abilities of the students in developing the two
disciplines in an integrated manner, so that the thinking patterns of the students as prospective elementary
school teachers are accustomed to integrate two disciplines. Another advantage of the integration of
mathematics and science is that the experience gained by the learners improves their critical thinking skills,
creative thinking, and higher-order thinking. Nickerson blames that thinking skills include problem solving
skills, decision making, critical thinking, logical thinking, and creative thinking [8-10].

One of the thinking skills that plays an important role in human success in life is critical thinking.
Critical thinking means the way of thinking in a certain quality that is basically a good thought and it meets
to the criteria or standards of adequacy and accuracy of predefined standards of thought. Sternberg explains
that critical thinking is a process of mental organizing and strategy that used to represent problem solving,
decision making, and learning new concepts [11]. More specifically, critical thinking is a process for
analyzing arguments, claims, or evidence to create an accurate decision [12]. Therefore, critical thinking
skills are needed to understand an information that will be used to move an idea [13]. According to Scriven,
critical thinking skills are positioned as skilled and active in interpretation, evaluation of observation,
communication, and argument [14].

Critical thinking is not a skill that humans gain since they were born. Critical thinking skills should
be trained in the learning process. The aspects of critical thinking skills are classified into five: Elementary
clarification, Basic support, Inference, Advanced clarification, and Strategies and tactics. Ennis describes
each aspects as follow: (1) Elementary clarification includes focusing questions, analyzing arguments, asking
questions and answering questions that require explanations or challenges; (2) Basic support (basic skills)
includes considering the credibility of the source and making observation considerations; (3) Inference
includes composing and considering deduction, composing and considering induction, making decisions and
considering the outcome; (4) Advanced clarification (provides further explanation) includes identifying terms
and considering definitions, identifying assumptions; (5) Strategies and tactics includes determining an action
and interacting with others [11,15-16].

The college students as prospective elementary school teachers will play an important role in
making judgments, teaching and developing students' critical thinking skills [17-18]. The roles of prospective
elementary school teachers are to guide, coordinate, help, and encourage their students to be critical and
creative [19]. However, what happened in the reality is that the critical thinking of the prospective elementary
school teachers has not shown to be optimal yet. This condition was seen while the writers were making
observations such as the student has not been able to determine the interrelation of heat material in everyday
life. This case can be seen when the lecturer gave question to the students to connect the occurrence of heat
in everyday life, but the student got difficulties to answer. Then, the students had difficulty in determining
conclusions and giving opinions. It was shown when the lecturer appointed one of the students to deduce the
material that has been discussed. The student smoothly explained the conclusions of the material, but the
explanation is not based on the conclusions of the material nor based on the results of his own thoughts.
Next, when the lecturer gave a problem, the students were still confused in determining the cause of the
problem.

The integration of science and mathematics has been becoming necessary to be implemented so that
the students' thinking skills become strong. The college students as prospective elementary school teachers
will be encouraged to add their insight into the material discussed and to relate it to the real life condition.
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The study of electrical circuits and mathematical logic are designed in science and mathematics integration
lectures for the students of primary teacher education. As the beginning of the learning process, the students
were given the problem and asked to use the knowledge of science that integrated with mathematics. The
application of the integration of science and mathematics lectures is expected to attract the students’
willingness, arouse the passion, and give motivation to the students.

2. RESEARCH METHOD

This study used Research and Development (R & D) research method. The objective of the research
was to know the critical thinking skills of prospective elementary school teachers. The critical thinking skills
were encompassed through the observation of lecturing and test sheets given before and after the lecture. The
test instrument of critical thinking skills had been tested first before it was used to see the validity and
reliability of the questions to the 3rd semester students of primary teacher education program in one of the
Higher Education Institute of Teacher Training in Padang. Data analysis of the achievement of students'
critical thinking skills was carried out using descriptive statistics is percentage techniques. Normalized gain
calculation to see student learning progress. The research was conducted three times to the first semester
students of the primary of teacher education in one of the Higher Education Institute of Teacher Training in
Padang. The subject matter of this research was on the material of electrical circuits and mathematical logic
in science lectures that integrated with mathematics.

3. RESULTS AND ANALYSIS

The observation on the students' critical thinking skills as prospective elementary school teachers
was conducted in 2 ways that were an observation and a test. The observation of the process was seen from
the way of completion of the exercise questions undertaken by the students in every meeting. The results of
the observations were seen based on each meeting. Test results were seen from the pre test and post test
critical thinking skills.

3.1. The Process of Critical Thinking Skills

The process of critical thinking skills is focused to see the way of thinking of the college students as
prospective elementary school teachers during the lecture process. The process focused on five indicators of
critical thinking skills proposed [16]. The result of the process was obtained through the exercises given
during the mathematics and science integration lectures. It was conducted on the first semester students of
primary teacher education in one of the university in Padang. The data of the critical students' skill thinking
process as prospective elementary school teacher is shown in Figure 1. The highest indicator of critical
thinking skill is strategies and tactics that reached 84%. The low critical thinking skill indicator is advanced
clarification that reached only 80%. On indicators of critical thinking skills provide a elementary
clarification, basic support, and inference is 83%. The following process of critical thinking skills per
indicator can be seen in Figure 1.
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Figure 1. The Results of the Student Critical Thinking Skills Process per Indicator
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3.2. The Results of the Critical Thinking Skills Observation
The observations focused on five indicators of critical thinking skills proposed [16], which are
outlined into six observed aspects, presented in Table 1.

Table 1. Aspects Observed in Critical Thinking Skills
Critical Thinking Skill Indicators Aspects observed

Elementary Clarification Responding to lecturers' questions
Basic Support Report the results of observation
Inference Make problem solutions

Drawing conclusions as facts
Identify unclear assumptions or states
Review the results of the practicum that has been done

Advanced Clarification
Strategies and Tactics

oupwNE

The observation result of the students' critical thinking skills for each aspects is shown in Figure 2.
Based on the data in the diagram, it shows that reporting the observation result and making solution of the
problem attracted the lowest score (80%). The highest score (86%) is drawing conclusions. Identifying an
unclear or expressed assumption is 81%. Responding to lecturers' questions and reviewing the results of the
experiments done 82%. The aspect of drawing conclusions is considered to be difficult by the students as
prospective elementary school teachers since they got the lowest score. This difficulty is because there are
still some of the students who are shy to express their opinions. Thus, the average of all aspects of each
meeting observed was 81.9%. The result of critical thinking skills observation on each aspect can be seen in
Figure 2.
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Figure 2. Results of Student Critical Thinking Skills Observation Per Aspect

3.3. The Results of the Critical Thinking Skills Observation
3.3.1 The Validation of Critical Thinking Skills Tests

The critical thinking skills are also seen from pre test and post test. Before the test questions used for
the test, it had been firstly validated by experts. The character of the question is valid if it reflects the soul of
knowledge and its language is easily to be understood [20]. The validation result of the critical thinking skills
test as a whole is shown in Table 2.

Table 2. The Result of Critical Thinking Skills Test Validity by Experts.

No Experts Average (%) Category
1 Material 93% Highly valid
2 Language 95% Highly valid

The validity results shown in Table 2 above indicates that the validation of the material aspects was
on average score of 93% and the language aspect was on average score of 95%. This score was obtained from
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the expert judgment. The score analysis shows that the critical thinking skills test that had already been tested
to the 3rd semester students of primary teacher education program in one of university in Padang considering
its reliability of the problem, the level of difficulty of each problem, and the item category were valid. So
that, the good questions could be chosen and used as instruments in the research.

3.3.2 Reliability, Index of Difficulties, and Item Category of Critical Thinking Skills Tests

The reliability is the consistency of measurement or stability of measurement instruments. An
instrument is said to be reliable if the test is said to have a high reliability value, if the test made has
consistent results in measuring the ability to be measured [21]. So, the reliability must be able to produce the
actual information. The index of difficulty is only the percentage of the students in answering the test
questions correctly. The higher percentage of the difficult index is, the question will be easier [22]. Then, the
test of the study result can be said to either be in moderate difficulty level or enough. The item category is the
ability of a problem to distinguish between high-ability students with low-ability students [23]. Here is a
recapitulation of test results about thinking skills using ANATES V.4 program.

Table 3. The Recapitulation of Critical Thinking Skills Pre-Test Result

Question Item category Difficulty ind_ex_ Reliability_ )

(%) Criteria (%) Criteria Score Criteria

1 40.63 Good 82.81 Easy

2 56.25 Good 70.31 Very Easy

3 21.88 Fairly Good 81.25 Easy

4 43.75 Good 82.81 Easy

5 31.25 Good 81.25 Easy

6 25.00 Fairly Good 84.38 Easy 0.42 Average

7 75.00 Very Good 65.63 Fairly Easy

8 46.88 Good 65.63 Fairly Easy

9 81.25 Very Good 70.31 Very Easy

10 25.00 Fairly Good 84.38 Easy

The analysis shows that the critical thinking skill test developed was good, accurate and could be
used as a pre test and post test for the students in measuring the improvement of the students' critical thinking
skills as shown in Table 3.

3.3.3 The Result of Critical Thinking Skills Pre-Test and Post-Test

The critical thinking skills test measured in this study focused on five indicators of critical thinking
skills proposed [16]: (1) Elementary clarification; (2) Basic support; (3) inference; (4) Advanced
clarification; (5) Strategies and tactics. The assessment in general could be seen in Table 4.

Table 4. The Average of Critical Thinking Skill Pre-Test and Post-Test Result
Pre Test Post Test N-Gain
32,3 81,0 0,7

Table 4 shows that the mean of pre-test value was 32.3 and the mean post-test value was 81.0 and
the gain value was 0.7 with the moderate category. This data shows that the science lectures activities
integrated with mathematics on electrical circuitry and mathematical logic were quite good to improve the
students' critical thinking skills. The percentage of pre-test and post-test of the students' critical thinking
skills based on critical thinking skill indicator could be seen in Figure 3 as follows.

Figure 4 shows that the mean percentage of each critical thinking skill indicators increased
significantly. This data indicates that science activities integrated with mathematics on electrical circuitry and
mathematical logic were able to improve the students' critical thinking skills. The students’ critical thinking
skills as prospective elementary school teachers may increase because the lectures that integrated
mathematical and science in electrical circuitry and mathematical logic material helped the students to
achieve their critical thinking skills. The students' critical thinking skill indicators which were elementary
clarification, basic support, inference, advanced clarification, and strategies and tactics. Integrated science
learning mathematics can improve critical thinking skills [9]. This result was supported by other research
statements related to this research that had been conducted before by several researchers. They concluded
that the concept of integrated learning has a significant effect on improving the students’ critical thinking
skills and problem solving in learning [6,24,25].
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Figure 4. Mean Percentage of Pre-Test and Post-Test For Each Critical Thinking Skills Indicators

4. CONCLUSION

The result showed that the students' critical thinking skills as prospective elementary school teachers
in science lectures that integrated with mathematics on electrical circuitry and mathematical logic were
significantly improved. The process of the students’ critical thinking skills as prospective elementary school
teachers was assessed from the exercises given based on the critical thinking skills indicators. The highest
critical thinking skill indicator was strategies and tactics that reached 84%. The lowest critical thinking skill
indicator was advanced clarification that reached 80%. On the other hand, the other critical thinking skills
indicators such as providing a elementary clarification, basic support, and inference reached 83%. Thus, the
observation result of critical thinking skill for each aspect like reporting the observation result and making
problem solution were in the lowest (80%). Meanwhile, the highest (86%) was drawing conclusions.
Identifying an unclear or expressed assumption was 81%. Responding to lecturers' questions and reviewing
the results of the experiments done were 82%. There were differences on the students' critical thinking skills
which were significant from the results of pre test and post test. In conclusion, the lectures of science that
integrated with mathematics in electrical circuitry and mathematical logic were able to improve students'
critical thinking skills (N-Gain 0.7).
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