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Abstract

Critical thinking skills, as well as cognitive style, are important aspects that must be
considered in assessments of the learning process. This research aims to describe the
critical thinking skills of the students with reflective versus impulsive cognitive
styles through an explorative study on conservation and environmental knowledge
learning. The benefits of this research are: (1) obtaining information about critical
thinking based on reflective versus impulsive cognitive styles and (2) using the above
as the basis for a learning model attentive to reflective versus impulsive cognitive
styles. The research subjects were 26 students of the biology education class in 2013;
13 students had a reflective cognitive style and 13 students an impulsive cognitive
style. Critical thinking skills were measured by using a test that refers to the
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standardization. Cognitive styles were measured by using the MFFT. Since the data
from the assessments of students’ critical thinking skills were non-parametric, they
were analyzed using the Mann-Whitney test. The results indicate that 13 students, or
36.1%, each have reflective and impulsive cognitive styles. The results showed
significantly higher critical thinking assessments in the students with reflective
versus impulsive cognitive styles. It can be concluded that the critical thinking of
students with reflective cognitive style is better than the students with impulsive
cognitive style

Keywords: cognitive style, critical thinking, impulsive, reflective.

Introduction

The most important part of the implementation of learning processes is their ability
to develop the thinking skills of students. Critical thinking skills are essential in life.
The problems that will occur in someone's life can be overcome with critical thinking
skills at their disposal (Galbreath, 1999; Trilling & Hood, 1999; Johnson, 2009).
Especially in this era of knowledge, critical thinking is indispensable to follow the
progress of modernization. A critical thinker will be open to new ideas, ask questions,
analyze, and use their critical thinking strategies to discover new meanings. Marzano
(1992) creates an outline of the importance of learning to think, in which thinking is
required for activities such as (1) developing the attitudes and perceptions that
support the creation of positive classroom conditions, (2) integrating knowledge, (3)
expanding the horizons of knowledge, (4) actualizing the meaningfulness of
knowledge, and (5) developing favorable behavioral thinking. The critical thinking
skills of each are not the same. Critical thinking is a skill that must be taught because
they are seen as a basic competence of the individual, like reading and writing (Fisher,
2008).

Critical thinking can be intentionally developed in students by educators. A learning
process that is intentionally designed and properly implemented in a lesson plan will
improve critical thinking. Critical thinking can develop if it is practiced, and there
needs to be enough time in the learning process. One way to develop thinking skills
in the learning process is by training the students to search and find the problem,
analyze the problem, make hypotheses, collect data, test hypotheses, and determine
the settlement alternatives.

Critical thinking is one of the skills that must be possessed by all graduates of
universities. In general, teaching practices to develop critical thinking in students
only pay attention to/accommodate students’ achievement, gender, race, and other
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factors, but do not accommodate student differences such as cognitive style or
learning style. The way students learn is influenced by cognitive style. If an
individual's cognitive style is different, the way they learn and think are different as
well. According to Acharya (2002), if the students’ style in learning is accommodated,
it can increase learning attitudes as well as increase thinking skills, academic
achievement, and creativity.

Cognitive style, or thinking style, is a term used in cognitive psychology to describe
the way how individuals think, perceive, and remember information (Mahdavinia &
Molavizadeh, 2013). According to Ellis (1990), cognitive style is a term used to
describe how people receive, conceptualize, organize, and recall information.
Cognitive style is also a characteristic of different individuals in terms of feeling,
remembering, and thinking, as well as distinguishing, understanding, saving,
transforming, and using information. According to Lucas-Stannard (2003), cognitive
style is a characteristic that tends to remain in one's personality.

The categories of cognitive style focused on in this study are those proposed by
Kagan (1965), namely: reflective and impulsive cognitive style. Reflective and
impulsive cognitive styles become the focus because several research results have
noted that individuals with these styles are present in more than 50% of the
population (Cintamulya, 2014b, 2016). A person who has a reflective cognitive style
is very careful before responding to something and examines all alternatives. Thus,
time is needed to respond, but the errors made are small whereas someone who has
an impulsive alternative style assesses alternatives spontaneously and quickly to
select something. They use a short time in responding, but they tend to make more
mistakes because they do not examine all alternatives (Rahman, 2008). According to
Teng (2000), ideally, the way lecturers/teachers teach must beby the way how
students learn. This study focuses on cognitive styles that are distinguished based on
the speed of time in responding to stimuli, which, as noted above, distinguish the
reflective and impulsive cognitive styles.

The critical thinking skills development of students of the biology education class in
2013 was assessed, based on their learning process in acquiring conservation and
environmental knowledge. Conservation and environmental knowledge here is the
study of environmental issues, particularly the issue and management of pollution,
damage to the environment, natural resources, and conservation. The nature of these
materials is suitable to train learners to conduct activities such as: finding the
problem, analyzing the problem, making hypotheses, collecting data, testing
hypotheses, and determining an alternative solution. Learning is carried out by using
cooperative learning model-based assignments to develop the skills of critical
thinking. Thus, this type of conservation and environmental knowledge was useful
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for exploratory research focusing on how well students who had either reflective or
impulsive cognitive styles used and developed critical thinking skill work during
learning processes.

Methods

The research types used in this study included (1) pre-experimental research using a
One-Shot Case Study design, referred to in Sugiono (2008). One-Shot Case Study is
a single treatment design; an experiment is carried out without a comparison group
and also without initial tests. To develop students' critical thinking skills, we carried
out a learning process on conservation and environmental knowledge by a using
group investigation model based on a contextual approach. They also included (2)
descriptive exploratory research, to describe students’ critical thinking skills with
reflective versus impulsive cognitive styles; (3) comparative research, to see the
difference between the critical thinking skills of students with reflective versus
impulsive cognitive styles. The research subjects were 26 students of the biology
education class in 2013: 13 students had a reflective cognitive style, and 13 students
had an impulsive cognitive style.

This research is conducted in two stages: the first stage of the research to measure
cognitive style and the second phase of research to measure critical thinking skills.

The instrument used to measure cognitive style is MFFT, developed by Warli (2010).
The MFFT instrument includes one standard image and eight variation images.
Through this instrument, the student is instructed to select one of eight variation
images and the same with the standard image. The observed variables are the time
required by students to answer the question for the first time and the frequency of
answers until the correct answer is produced. According to Warli (2010), the four
groups of students found using this test include: (1) the group of students who have
characteristics to answer quickly the problem carefully/thoroughly so the answer is
always right; (2) the group of students who have characteristics to answer quickly
the problem carefully/meticulously so that answers are always right (reflective
student); (3) the group of students who have characteristics to answer quickly but
with less accuracy/less precision so that the answers are often wrong (impulsive
student); (4) the group of students who have the characteristics of slowly answering
the problem with less accuracy/less precision so that the answers are often wrong.

Specifically, the MFFT process used here involved: (1) calling the students one by
one to complete the cognitive style test through the instrument MFFT by seeking a
variation of images corresponding to the standard image; (2) recording the time used
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by the student to answer the question for the first time; (3) recording the frequency
of answering until the participants obtain the correct answer; (4) calculating the
amount of time and frequency of errors then dividing them by the number of items
to obtain the average; (5) looking for the median of time (t) and the frequency (f) and
then drawing the chart line, which is parallel to the axis t and axis f, to make the four
groups of students.

The instrument used to measure critical thinking skills was an essay test measuring
the ability of critical thinking with a total of six questions:

1. Please identify the number of possibilities that will occur in the environment
if limestone mining in some Tuban sub-districts is not limited.

2. What is on your mind if a reclamation is carried out along the northern coast
of Tuban?

3. What are the causes of the accumulation of waste in the Tuban district, and
what are the consequences of this garbage pile?

4. s it wise for us to use plastic equipment without regard to symbols/codes as a
place for daily food and drinks?

5. Do you agree if the number of four-wheeled vehicles or two-wheeled vehicles
continues to increase for the sake of people's welfare?

6. What should we do if this environment is maintained?

Those questions are used to measure the critical thinking that refers to the sub-
indicators (Ennis, 1996), which include: (1) identify or define criteria for
consideration of possible answers; (2) provide an explanation; (3) identify the
inaccuracy; (4) show the ability to give a reason; and (5) select the criteria to consider
possible solutions. Also, to determine the score of critical thinking skills refers to the
standardization, we use Paul and Elder’s (2007) assessment criteria, which include:
clarity, accuracy, precision, depth, breadth, and logic, which are adjusted to learning
conservation and environmental knowledge.

To empower critical thinking skills, the students used the group investigation model
based on the contextual approach. Characteristics of conservation learning and
environmental knowledge using a group investigation model based on contextual
approaches included the following steps. 1) Learning is directed so that the students
have the skills to solve real problems. The grouped students are assigned to the field
to observe environmental problems according to their topic. 2) Learning provides
opportunities for students to do meaningful tasks. In this case, the students are
assigned to identify the causes of environmental problems by the topics that they
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choose and may provide alternative solutions. 3) Learning is carried out by providing
meaningful experiences to students. By being assigned to the field to observe
environmental problems directly, it is expected that students will have a meaningful
experience. 4) Learning is carried out through group work, discussion, and correcting
each other at the presentation.

The overall assignment was organized using the six stages of the learning group
investigation model, according to Slavin (2008). The first phase entails to identify
the topics and form the groups with three to four students. The topics were
environmental issues commonly familiar to the students. The second phase entails
the students planning investigations conducted in groups based on their chosen topic.
Phase three entails the students carrying out an investigation based on their chosen
topic. The students are in groups, conducting investigations into the field to collect,
analyze, evaluate, make conclusions, and apply new knowledge for solving the above
problems examined by the groups. In this stage, each group takes approximately two
weeks. Stage four entails the students to prepare the final report. In this stage, all
students collect the results of the investigations at the same time. Stage five, the
students make a presentation of the final report. Stage six of the evaluation is
conducted at the end of the semester during the Semester Final Exam. This phase
was used to obtain data on students’ critical thinking skills.

Furthermore, the data on critical thinking skills of students with reflective and
impulsive cognitive styles are analyzed through SPSS program version 19 by using
the non-parametric Mann-Whitney test.

Results and Discussion

The measurement results of students’ cognitive styles

The subjects were students of the biology education class in 2013 with reflective and
impulsive cognitive styles. To obtain data on which students had which styles,
measurements of cognitive styles on each student were carried out. The aspects were
observed and recorded in the measurement of cognitive style, which includes the
time (t) used by the student for the first answer and frequency (f) of students to
respond to and obtain the correct answer. Average time (t) and frequency (f) for each
student were calculated, followed by average time (t) and frequency (f) of all students
being tabulated in tables to determine the median of time and frequency. The
cognitive style measurement results are presented in Table I. The median of time data
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t (intervals), and frequency data (frequency until the correct answer) were used to
determine cognitive styles.

Table I. Statistical description of the cognitive style measurement results

Time(second) Frequency Total of Total of
Total of ) -
Students _ _ Reflective Impulsive
Max | Min | Med | Max | Min | Med Students Students
36 0.749 | 0.046 | 0.186 | 5.692 1 2.50 13 13

Information: Min = Minimum Data Med = Median

Max = Maximum Data

The results of the measurement of MFFT, showing the four types of cognitive
thinkers, are presented in Figure 1.
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Figure 1. Plotted MFFT scores showing the four different types of cognitive
thinkers.

Based on Table I, the number of reflective students is 13 (36.1%), while the number
of impulsive students is 13 (36.1%); the proportion of students who were reflective
and impulsive (72.2%) was higher than the percentage of quick and precise/accurate
in answering or slower and less precise/less accurate in answering, namely 27.8%.
These results are consistent with some the results found by previous researchers, such
as Rozencwajg and Corroyer (2005), who showed that the proportion of students
with reflective-impulsive scores were 76.2%; Warli (2010), showing that the
proportion of students with reflective-impulsive is 73.7%; Cintamulya (2014, 2016)
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showing that the proportion of students with reflective-impulsive is 66.6%; and
Fadiana (2016) showing that the proportion of students with reflective-impulsive is
73.7%.

The measurement of critical thinking skills in students with reflective versus
impulsive cognitive styles

The measurement of critical thinking skills in students with reflective and impulsive
cognitive styles was done at the end of the semester, after completion of learning
conservation and environmental knowledge. Implementation of measurements was
performed at the time of the Semester Final Exams by using critical thinking skills
test instruments. The critical thinking skills test consists of six questions, with scores
for each question with a range of 1-5 so that the highest possible score is 30.
Measurement results of the critical thinking skills in students with reflective and
impulsive cognitive styles of learning conservation and environmental knowledge
are presented in Table I1.

Table 11. Measurement results of critical thinking skills in reflective and impulsive
cognitive style of learning conservation and environmental knowledge students.

Reflective Cognitive Style Impulsive Cognitive Style
Scores _of (_Zritical Frequency Scores _of C_:ritical Frequency
Thinking Thinking

30 1 24 1
29 1 20 1
24 3 18 1
23 1 17 1
20 2 15 4
19 2 12 4
18 2 9 1
12 2

Total 13 Total 13

Average Scores 21.54 Average Scores 15.08
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The difference between scores of students with reflective and impulsive cognitive
styles was non-parametrically statistically analyzed using the Mann-Whitney test.
The results of the data are shown in Table I11.

Table I11. The results of the Mann-Whitney test of scores of critical thinking skills
between students with reflective and impulsive cognitive styles.

Critical Score

Mann-Whitney U 24.500

Wilcoxon W 115.500

z -3.103
Asymp. Sig. (2-tailed) .002
Exact Sig. [2*(1-tailed Sig.)] .0012
Monte Carlo Sig. S19. iy
(2-tailed) 99% Confidence Lower Bound .000
Interval Upper Bound .002
Sig. .000P

Monte Carlo Sig. .

(1-tailed) 99% Confidence Lower Bound .000
Interval Upper Bound .001

Based on Table 11, the Asymp. Column Sig. (2-tailed)/Asymptotic significance for
the two-sided test is 0.002 or probability below 0.05. Decision Mann-Whitney Test
results were if the probability 0.05, then HO is accepted, and if the probability 0.05,
then HO is rejected. Thus, because the probability is below 0.05, then HO is rejected.
This means that the difference between the students with reflective versus impulsive
cognitive styles on conservation and environmental knowledge learning is significant.

The average scores of the critical thinking skills of students with the reflective
cognitive style are higher than the scores of students with the impulsive cognitive
style, as shown in Table Il. As explained by Rozencwajg and Corroyer (2005), the
students with reflective cognitive styles have the characteristics of using a long time
to answer the question carefully or meticulously so that the answers given tend to be
correct. While the students with impulsive cognitive style have the characteristics of
using a short time to answer the problem carelessly so that the answers tend to be
incorrect. The answers sampled from the students with reflective and impulsive
cognitive styles are shown in Figure 2 and 3.
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Figure 2. Sample answer from a student who has a reflective cognitive style.

Figure 3. Sample answer from a student who has an impulsive cognitive style.

Based on the sample answers of the reflective and impulsive students, some
differences among them were: (1) the reflective students were better at understanding
the problems, so their explanations are more detailed than the impulsive students; (2)
the reflective students gave more detailed reason than the impulsive students, with
evidence that was relevant to the problem; (3) the reflective student used more
information compared to the impulsive student; (4) the reflective student provided
more explanation and examples than the impulsive student.

From the differences shown in answering the questions, it can be said that the
students with the reflective cognitive style fulfill more criteria of critical thinking
than the impulsive students. This result is in accord with several studies reported by
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other researchers about critical thinking based on reflective and impulsive cognitive
styles, such as Rahayu and Winarso (2018), Fridanianti et al. (2018), Arniwati and
Cintamulya (2017), Muryani and Cintamulya (2018), and Rofi’ah and Masriyah
(2018).

The criteria for critical thinking by Ennis (1985) include: (1) focus (indicator:
understand the given problem); (2) reason (indicator: give reasons based on
facts/evidence relevant at every step in making a decision or conclusion); (3)
inference (indicator: make decisions based on the right reason to support the
conclusions); (4) situation (indicator: use all the information in accordance with the
problem); (5) clarity (indicator: provide further explanation of what is meant in the
conclusions; explain the terms in the question; give examples of cases similar to the
matter); and (6) overview (indicators: rechecking, overall, from beginning to end).
The criteria for critical thinking by Paul and Elder (2007) are modified, which
include: clarity, accuracy, precision, depth, breadth, and logic.

The differences in critical thinking skills of the students with reflective and impulsive
cognitive styles are important for teachers to understand to deal with the
implementation of learning processes. According to Griggs (1991), learning styles
should be taken into consideration as a precondition to developing critical thinking.
Every individual has a learning style. If the learning style is accommodated, the
attitudes toward learning can improve with an increase in productivity, academic
achievement, and creativity. In other words, cognitive style is a variable that affects
the learning process (Rezaei et al., 2013). Cognitive style is an important aspect that
must be considered by teachers in developing students’ critical thinking skills
(Forood & Farahani, 2013). The importance of learning styles in the learning process
is shown by the results of the research of Heidari and Bahrami (2012) and Aliyari
(2015), which indicates a strong positive relationship with critical thinking and the
reflective cognitive style and a negative relationship with critical thinking with the
impulsive cognitive style. Finally, the teachers can consider the differences in
students’ cognitive styles when they design the learning model that empowers critical
thinking skills and accommodate the students’ cognitive styles.

Conclusion

From the results of data analysis, it can be concluded that the critical thinking skills
of students with a reflective cognitive style are better than critical thinking skills in
students with impulsive cognitive style in conservation and environmental
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knowledge learning. The students with reflective cognitive style have characteristics
of taking a long time to answer the question carefully/meticulously so that the
answers given tend to be correct, while the students who have the characteristics of
impulsive cognitive style take a short time and answer the problem more carelessly,
so that the answers tend to be incorrect.
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