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Abstract— This study aims to analyze the high-order thinking
skills through a scientific approach on respiration system. The
population was eleventh grade with total about 440 students.
Sample were taken by purposive sampling technique, namely as
many as 6 classes with a total of 210 students. This research was a
descriptive study which analyzes to make a systematic, factual,
and accurate description of students' high-order thinking skills.
The instrument for collect data was used cognitive tests at the
C4-C6 level. The results showed that the students’ high-order
thinking skill in human respiratory system topic is categorized
good. The percentage of graduation is 63.8% or 134 students.
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I. INTRODUCTION

Education is a process that is carried out consciously and
planned to foster the development of human resources. By
implementing education, people will become more qualified
individuals. Education has contributed a lot to the
development of knowledge and technology. Human require to
continue to explore knowledge, not only master the material of
knowledge but must be in harmony with skills or skills in
order to be able to utilize the knowledge they have in everyday
life [1].

The education process consists of 3 basic elements, namely
input-process-output. The intended input is students with
various backgrounds. The process is a learning activity which
includes the giving and understanding of material by the
teacher to students. Output is the result that has been achieved
including cognitive, affective, and psychomotor [2]. At the
present, the undeniable reality is that the main purpose of the
education system is to teach students how to think. High-level
cognitive skills, such as logical thinking and critical thinking,
are basic skills in everyday life, regardless of academic
achievement in schools [3].

Good cognitive ability is very important to be mastered by
students, because when the cognitive value of students is high
it means that learning done at school can be said to be
successful. Scientific attitudes have a significant and positive
relationship with students' cognitive achievement scores [4].
Scientific attitude is one of the main determinants of student
achievement in knowledge and has become the quality of the
main parameters of a student [5]. The study also revealed that
the higher the scientific achievement the higher the scientific
attitude of middle school students. The developing attitude of
the interaction between individuals with the past and present
environment, through the process of cognition of integration
and consistency of attitude is formed into components of
cognition, emotion, and tendency to act. After a fixed attitude
will influence behavior directly, behavior will influence
changes in the existing environment, and changes that occur
will lead to changes in attitudes held [6].

Biology education emphasizes the provision of direct
experience to develop competencies so that students are able
to explore and understand the natural environment
scientifically [7]. Teaching science to students should meets
the criteria, which is in accordance with the nature of the
science and in accordance with the knowledge of how students
learn. By knowing the learning style of students, the teacher
can adjust the teaching style to the needs of students, for
example by using various teaching styles so that all students
can get an effective way for him. Biology learning is directed
to find out and act so that it can help students to gain a deeper
understanding of the environment. Therefore, the approach
applied in presenting biology learning is combining the
experience of biological processes and understanding
biological products in the form of direct experience. The area
that gets the most attention in teaching programs is the
cognitive domain (knowledge) [8]. Cognitive domains based
on Bloom's taxonomy, which ranges from simple to the most
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complex, namely: remember, understand, apply, analyze,
evaluate (evaluation), and create (creation) [9].

Based on the results of interviews with biology teachers in
several public high schools throughout Medan, it is known
that there are still students who still have a low sense of
curiosity about respiration system materials. This can be seen
when the teaching and learning process takes place, students
seem unenthusiastic, when given the task to work on the
questions and other tasks. The frequency of asking is also very
low, seen when given the opportunity to ask only one or two
people or not at all. Learning also seems boring; this is
evidenced by the anxiety felt by students to be able to get out
of the room even though time has not run out. The learning
process that takes place is rigid so it does not support the
development of students 'cognitive abilities and students'
scientific attitudes. The achievement of students' completeness
grades also varies. The respiratory system topic is quite
important material, because the matter of respiration material
is included in the National Examination and Joint Selection to
Enter State Universities.

Biology is a subject included in the realm of science, one
of the material contained in it is the respiratory system in
humans. This material is considered difficult by students in the
process of its application; this can be observed from the
analysis of learning outcomes data in the 2016/2017 school
year with a success rate that is still low. This can be seen from
the evaluation value as much as 47% of students have not
reached the KKM (Minimum Accomplishment Criteria) value
set by the school which is 75. The low achievement of the
level of student learning completeness is influenced by
conditions that are less conducive to learning and tends to the
teacher center. Besides that, the lack of use of learning media
is also believed to be one of the factors that lower the
achievement of students' learning completeness.

The study of biology teachers at SMAN (Sekolah
Menengah Atas Negeri) 5 Padang revealed that students had
not achieved complete learning in biology, the KKM for
biology learning set by the school was 83. The low student
learning outcomes were seen from the average value of
biology daily tests of SMAN 5 Padang in class XI on the
material of Human Respiratory System, the value obtained by
students of the academic year 2012/2013 class XI IPA 3
(81.05) IPA 4 (71.88) and IPA 5 (69.88) This value indicates
that the students’ learning outcomes of SMAN 5 Padang are
still below the KKM set by the school [10].

The results of observations from interviews with Ms. Enni
Susanti as a biology teacher at SMA Negeri Medan 4 revealed
that the results of students' cognitive abilities on certain sub-
material in respiratory system obtained data (assessment
results) were still below the KKM average of 75. This was
seen when the teaching and learning process takes place,
students were less enthusiastic when given the task to work on
other questions and tasks. In addition, the average score of UN
(Ujian Nasional; National Examination) in SMA Negeri 4
Medan in the last three years was still low at 68 (2014), 67
(2015) and 70 (2016). Sub-material that was quite difficult to
be taught in respiratory system was the mechanism of O2 and

CO2 exchange in cells. According to Ms. Alfrida Siregar and
Ms. Mariana, the biology teacher said that sub-material that
was quite difficult to teach was the mechanism of the process
of respiration (binding to O2 and CO2), because it involves
physiology. Whereas according to Ms. Tetty Hairani
Hutasuhut that sub-material is quite difficult, namely
respiration in animals, because animals varied, so the
mechanism also varied, and students' scientific attitudes were
also not much attention.

This study will analyze the students high order thining skill
cognitive abilities of SMA Negeri (Public Senior High
School) 4 Medan in respiratory system. In this study the
cognitive abilities to be analyzed were divided into two
categories, namely low-level thinking students (C1-C3) and
high-level thinking students (C4-C6). Cognitive skill in high
level as high order thinking skill Cognitive ability also
emphasizes the ability of students to understand subject matter
in the form of facts, concepts, principles, and procedures [11].

This research has purpose to find out the students cognitive
ability in completing human respiratory system topic and their
weakness as early as possible in order to be able to overcome
it.

II. RESEARCH METHOD

This study is a descriptive study so that the data is
analyzed to make a systematic, factual, and accurate
description of students' high-level thinking abilities. The
research conducted does not provide treatment, manipulation
or alteration to independent variables, but describes a
condition as it is. The cognitive process abilities on human
respiratory system  analyzed using a test kit that refers to
Bloom's taxonomy. Data collect throught scientific method or
aprroach, which are observation the problem, formulate the
problem, hypothesis, develop kit instrument test, validation of
kit instrument, experiment by giving instrument to students,
collect data and analysing, and make conclution.

This research was conducted at SMA Negeri 4 Medan,
Indonesia. The population was all the eleventh students of
SMA Negeri 4 Medan totaling 440 people. Samples were
taken by purposive sampling technique, namely as many as 6
classes with a total of 210 students. The instrument for
collecting data uses cognitive tests at the C4-C6 level. The
instrument of cognitive ability used is a form of multiple
choice tests (multiple choice, and test essays). The test used in
this study contains 25 items of multiple choice questions with
a total of five options and 10 test essay questions.

Data on cognitive abilities and scientific attitudes of
students will be tabulated using Microsoft Excel 2010 done by
searching for student grades and presented in descriptive form.
Next to calculate the value of students' cognitive abilities can
be done by:

S = x 100 [12]

Information:

S = Value of student high order thinking skill

R = Score obtained from the correct answer
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N = Number of maximum scores from the test

So that the percentage of values obtained by students is
grouped into the following criteria can be seen in Table 1.

TABLE 1. CRITERIA FOR ASSESSING STUDENT COGNITIVE SKILLS

Source, Purwanto, 2013

Differences in cognitive abilities of students at low level of
thinking (C1-C3) with high-level thinking (C4-C6) globally
were conducted using non-parametric statistics using the
SPSS22 application using the Man Whiteney test.

III. RESULT AND DISCUSSION

A. Result of Research

Based on the analysis of data, gained the student high-
order thinking skills  on human respiratory system is about
83.3 which is categorized good. Higher-order thinking skills in
this study include analysing (C4), evaluating (C5) and creating
(C6) and detail can be seen in Figure 1.

Fig. 1. Student high order thingking skill eleventh grade SMA Negeri 4
Medan.

From the graph in figure 1 can be seen that the students
higher order thinking skill at the C4 level (analysing) is very
good with highest scores of 90.5. In C5 (evaluation) and C6
(creativity) levels are 80.8 and 80, which categorized good.
Based on figure 1 by looking at the average value of students'
high-level thinking skills and their standard deviations it is
concluded that the percentage of graduations at the C5 level
(evaluation) is 54.8% or as many as 115 students.
Furthermore, at the C4 and C5 levels the standard deviation is
10.6 with a passing percentage of 63.8% or as many as 134
students.

Furthermore, in this study it can be seen the ability to think
of high-level students per sub material on the respiratory
system material. In this study the material of the respiratory
system is divided into 6 sub-topic, namely: human respiratory
organ; O2 and CO2 exchange mechanisms; lungs volume and
capacities; respiratory frequency; respiratory diseases; and

animal respiratory organ. The high order thinking skill of
students in respiratory system subtopic can be seen in figure 2.

Fig. 2. Student high order thingking skill per indicator of human
respiratory system

Based on figure 2, can be seen that the highest student
score is in the respiratory diseases sub-topic that is 91.6 (very
good), with a percentage of students at 73.8% or as many as
153 students. Then on human respiratory organs topic that is
the 88.6 with a percentage of 65.5% or as many as 138
students and on the subject matter of respiratory frequency
with score about 83.3 with a percentage of 65% or as many as
136 students. While the lowest student scores were on the O2

and CO2 exchange sub-material, namely about 73.2 (enough)
with the percentage of students passing by 35.2% or only
about 74 students. Followed by the score in animal respiratory
organ is about 75.1 with a passing percentage of 40% or as
many as 84 students

B. Discussion

The results of the data analysis, average value of students'
high-level thinking ability tests on the respiratory system in
class XI is about 83.3, included in either category. These
results indicate that most students already have good high-
level thinking skills, especially in the respiratory system
material. The results of this study is good, considering the
ability to think at a higher level is an important thinking ability
controlled by students. The important thinking skills should
mastered by students, because the ability to think at a higher
level is one of the stages of thinking that cannot be released
from everyday life. Higher thinking abilities make anyone can
think critically. The ability to think at a high level is the ability
of students to connect, manipulate and transform knowledge
and experience that they have to think critically and creatively
in an effort to determine decisions and solve problems in new
situations [13]. Higher-order thinking skills can be known
from student high-level thinking skills at the level of analysis,
evaluation, and creation [14].

The results in this study found that students' higher-order
thinking skills were more dominant at the C4 level (analysis).
This means that students of class XI MIA 4 Medan were
accustomed to carrying out scientific activities, so their
analytical skills were very good. In accordance with the
statement above, analytical skills can also be built in
practicum activities [15]. The ability of analysis is the ability

No Value Interval Criteria
1 86 – 100 Very Good
2 76 – 85 Good
3 66 – 75 Moderate
4 56 – 65 Low
5 ≤55 Very Low

Advances in Social Science, Education and Humanities Research, volume 384

98



of students in describing, separating, and linking things into
parts. This result is a good thing, considering that analytical
skills are very important among students. The ability of
analysis refers to the ability to break down the material into its
components or factors, and be able to understand the
relationship between parts of one another so that the structure
and rules can be better understood. The ability of analysis is
the ability to think abstractly that is inseparable from
conceptual knowledge [16].

Based on the subtopic on the respiratory system, the high-
level thinking ability of students was more dominant on the
respiratory diseases topic, is about 91.6, while the lowest was
on the sub-material exchange mechanism of O2 and CO2

which was 73.2. These results indicate that students are weak
in understanding the sub material regarding the O2 and CO2

exchange mechanism, this is in accordance with what was
stated by Mrs. Alfrida Siregar and Ms. Mariana biology
teacher at SMA Negeri 4 Medan. Likewise a research
regarding students' understanding of oxygen and carbon
dioxide binding reaction material obtained that the highest
percentage of misconceptions was only 63.93% on indicators
distinguishing the concepts of oxidation and reduction in
terms of the incorporation and release of oxygen and a
percentage of 4 , 92% of the indicators distinguish the
concepts of oxidation and reduction [17]. Students do not
understand the concept of oxidation reactions in binding or
releasing oxygen is about 13.45%.

This problem is allegedly due to misconceptions between
teachers and students in teaching and understanding sub-
material about the exchange mechanism of O2 and CO2,
because the success of the teaching and learning process is not
only determined by the teacher as a teacher but also
determined by students in participating in learning.
Misconceptions can occur when students are trying to shape
knowledge by translating new experiences in the form of
initial conceptions [18]. Students are expected to understand
what is explained by the teacher, especially the core concepts
in the material presented so that learning objectives are
achieved. Two factors that influence students understanding of
concepts, namely internal factors and external factors. Internal
factors include student characteristics, attitudes toward the
learning process, learning motivation, difficulty concentrating,
and study habits. External factors such as the delivery of
monoton lessons, the influence of the social environment,
school curriculum, facilities and infrastructure that are not
supportive [19]. In the future, teachers are able to enhance the
ability of student to think in high-level on the respiratory
system topic and especially on sub-material mechanism
exchange of O2 and CO2, with various methods in learning.

IV. CONCLUSION

This research obtained result that high order thinking skills
of senior high school student of XI MIA class c in SMA
Negeri 4 Medan, namely 77, which is in the good category.
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