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Abstract

The aim of this research was to develop
students’ critical thinking skills through a Science,
Technology, Engineering, Arts, and Mathematics
(STEAM)
project
in
chemistry
learning
in
thermochemistry topic. A qualitative research method was
employed with interviews, observations, reflective journals,
critical thinking tests, and student activity sheets as data
collection tools. Forty secondary school students
participated in the research using project based on learning
consisting of six steps: Essential Questions, Project
Planning, Schedule Compilation, Monitoring, Result
Testing and Evaluation. The Miles and Huberman analysis
technique, based on coding critical thinking, was used to
analyze data. The five indicators of critical thinking skills
identified by SCIT1020 (Power of Science and
Technology), namely: Identify the Question at Issue,
Conceptual
Understanding,
Ideas
Connection,
Assumptions and Inferences, the research found that the
students’ critical thinking skills were not significantly
developed. Among the five critical thinking indicators, one
specific skill found to be undeveloped was to identify the
question at issue, meaning that the students were not able to
formulate and identify questions relating to a problem or
topic. This was due to the limited conceptual understanding
of thermochemistry material. The students faced
challenges in developing their critical thinking skills in
relation to chemistry concepts. Critical thinking skills can
help students navigate through their daily lives by applying
what they learn at school to problems or issues that arise at
home or in the community. The STEAM project involved
making a steamship using thermochemistry, particularly
heat, the enthalpy of standard combustion and enthalpy
calculations. Methanol, ethanol and palm oils were the
fuels used to move the steamships. In the project, students
had to analyze which fuel caused their steamship to move
the furthest.

Keywords STEAM, Project Based Learning, Critical
Thinking, Thermochemistry

1. Introduction
Thinking skills are indispensable for helping to find
solutions to life’s challenges. These skills include critical
thinking, creative thinking, and the ability to solve problem
[1]. [2] defines critical thinking as identifying assumptions
and various perspectives, and examining their validity so as
to make decisions based on the information. Critical
thinking is an important skill to enable students to address
personal or social challenges and problems in their lives [1].
They require thinking skills to understand concepts and to
verify assumptions and draw conclusions. A critical
thinking process is not merely about making an argument
and synthesizing information, it also demands that a person
forms sensible arguments. [3] states that it is not enough for
students to simply master critical thinking skills, but they
also need to utilize these skills effectively. Critical thinking
skills encourage students to think independently and solve
problems at school and in the context of their daily lives [4].
Based on these assumptions, critical thinking skills are an
important thing, but the reality on the ground is not as
expected. Critical thinking skills of students in Indonesia
are still relatively low. Large-scale international
comparative studies such as Trends in International
Mathematics and Science Studies (TIMSS) and the
OECD's Program for International Student Assessment
(PISA), show Indonesia ranked 64 out of 72 participating
countries in the PISA assessment [5]. The international
assessment results showed Indonesia students faced the
challenges in dealing with critical thinking assessments,
especially in science and mathematics.
Teaching and learning programs that overlook critical
thinking skills affect students' ability to think critically [6].
The study of chemistry requires a combination of cognitive,
affective and psychomotor activities that can help develop
critical thinking habits [7]. One approach to developing
students’ critical thinking skills is through a STEAM

Universal Journal of Educational Research 8(1): 72-82, 2020

(Science, Technology, Engineering, Arts and Mathematics)
project approach. STEAM is a developing educational
model that breaks down traditional academic subject ‘silos’
of science, technology, engineering, arts and mathematics
and restructures them into an integrative curricula
framework [8]. A STEAM approach could encourage
students to develop their creativity and critical thinking
skills more effectively than a traditional content delivery
approach [9].
Previous research found that STEAM integrated
learning would guide students to develop problem solving,
critical thinking and collaborative skills [10]. This view is
supported by [11] who states that while the intensification
of STEAM integration might not be effective, well
integrated instruction paves the way for students to learn
from a more relevant and stimulating experience,
encouraging the use of critical thinking skill on a higher
level, thus increasing student retention.
STEAM also offers a number of learning process
benefits, including allowing students to become
independent and innovative learners, better at problem
solving, inventive creative, logical thinkers and technology
literates [12]. Previous studies found that integrating math
and science offers positive impacts on student attitude and
interest at school [13], their motivation to study [14] and
achievement [15] as well as allow students to develop 21st
century skills including critical thinking, creativity,
communication and collaboration [16]. The majority
STEAM studies have been conducted in several countries
such as US, Taiwan, Turkey, etc., but limited study in
Indonesia, especially in implementing in school
environment. Therefore, this study will contribute to
exploring the effects of STEAM in Indonesia, especially in
chemistry learning
Learning chemistry is challenging due to the
requirement that competence in basic concepts is essential.
Chemistry is a difficult subject given that abstract concepts
need to be understood, and because of its limited
relationship to students’ day-to-day lives [17]. Chemistry
involves understanding macroscopic, microscopic and
symbolic representations [18]. In order to develop a good
understanding of chemistry concepts, all three
representations are important within a chemistry lesson.
Students are accustomed to memorizing facts, there by
overlooking concepts. Chemistry is about the phenomenon
and materialistic laws of nature, including composition,
character and energy transformation that support material
transformation. Chemistry is an essential field of
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knowledge in today’s world, and yet students often face
difficulty with the subject given that the chemistry
curriculum consists of many abstract concepts and theories
[17]. [19] and [20] reported that students prefer algorithmic
studies and procedural knowledge compared to the
conceptual study of chemistry.
The aim of this research was to develop students’ critical
thinking skills through a Science, Technology, Engineering,
Arts, and Mathematics (STEAM) project in
thermochemistry.
Project-based
learning
is
a
student-centered pedagogy that involves a dynamic
classroom approach whereby students acquire a deeper
knowledge through active exploration of real-world
challenges and problems [21]. Application of the STEAM
approach also encourages students to understand each
STEAM component in a chemistry study. Learning
activities integrate each of the STEAM components;
science explains the concept of thermochemistry,
technology describes the use of the latest technology that
enables students to implement the activities, engineering
describes the techniques used by students during project
completion, the arts engage students' creativity in project
design, and mathematics determines the formulas students
will use during the learning activities. The five disciplines
are integrated to create project that applies chemistry to
issues in everyday life. The project required students to
create a steam-powered ship by implementing the concept
of thermochemistry, particularly heat, the enthalpy of
standard combustion and enthalpy calculations. Five ideal
criteria were identified for creating the steamship: a front, a
back, a chimney, a fuel tank, and a kiln. Methanol, ethanol,
and palm oils were used as fuel to run the steamship and
would determine whether or not it ran successfully.

2. Methods
The study employed a qualitative case study research
design with data collected from interviews, observations,
reflective journals, students' daily activities sheet and
critical thinking test, critical thinking test questions based
upon the critical thinking skills rubric of SCIT1020 (Power
of Science and Technology, 2013). A project based on
learning model divided into six steps was used to elicit the
essential question, to plan the project, to list the schedule,
to monitor the projected growth, to test the results and to
evaluate the project. The steps of the project based on
learning approach can be seen in Figure 1.
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Figure 1.

Steps for STEAM Project Based Learning

The STEAM project activity steps were carried out
sequentially and repeatedly in each of ten lessons over a
period of five weeks. The essential question was
developed in regard to students’ initial understanding of
the thermochemistry concept. Project planning involved
creating the steamship design and choosing materials.
Organizing the project schedule is related to project
planning and the division of tasks. Monitoring consisted
of monitoring the progress of making the steamship and
group discussions, while testing the results is related to
fuel testing using ethanol, methanol and palm oil and
evaluations consisting of presentation and analysis of the
steamship project results.
The 2013 curriculum, with a chemistry allocation of 4
hours per week, is used in Indonesian school. The
steamship project applied thermochemical concepts from
the first semester XI grade material. The challenge was to
relate the steamship project to thermochemistry,

particularly to the sub-major concepts of heat, the enthalpy
of standard combustion and enthalpy calculations. This
study developed "Steamship STEAM project design" using
the following design which has been adjusted to create the
steamship project related to thermochemistry material.
The science principles in Figure 2 include the heat and
enthalpy of standard combustion material. The technology
component includes the selection of tools and materials and
the engineering component addresses the working
principles of a steamship. Art principles are incorporated in
the steamship model design and Mathematics concepts are
included in enthalpy calculations. As one of the success
criteria, students were required to determine which fuel
would allow the steamship to travel the furthest. Different
fuels are tested to promote maximum movement for the
steamship. In each process, teachers played an important
role as facilitators while students worked collaboratively to
complete the project.
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Figure 2. Steamship STEM Project Design

2.1. The Participants

with the introduction of thermochemistry materials to the
students. This initial knowledge about thermochemistry
The participants in this study were 40 grade XI science was useful as a supplement for students' initial knowledge
stream students at a senior high school in Jakarta, Indonesia. of developing projects. After students were introduced to
Of this number, 14 were males and 26 were females. the thermochemical material, they were introduced to the
Students’ cognitive abilities in chemistry preparation concept of STEAM whereby, the teacher introduced
varied from high to low.
Science, Technology, Engineering, Arts and Mathematics
into the project. Science was related to the topic of
2.2. Data Analysis
thermochemistry. Technology meant the students had to
use technology in making the steamship. Engineering
Data analysis was conducted by way of data reduction meant the students had to know the working principles of a
from interviews, observations, reflective journals, steamship. Art related to how the students designed the
students' daily activities sheets and critical thinking test. project and Mathematics related to the application of
The coding of data used in grouping was based on the mathematical skills required for making the steamship.
components of critical thinking, 1) identify the question at
The teacher introduced the steamship model, and the
issue, 2) conceptual understanding, 3) ideas connection, 4) limitation of steamship fuels, and made connections to
assumptions and 5) inferences. The data were presented in chemical concepts to improve the fluency of the students’
narrative texts. The conclusions were then verified by thinking. As expressed by one student, “the teacher
checking their consistency and compatibility with other introduced the history of ship evolution in class. We found
data collected. Quality standards used in this study are out that the ancient ships were mostly made of wood”. The
trustworthiness and credibility through prolonged teacher then grouped the students and instructed them to
engagement,
persistent
observation,
progressive divide the tasks among all group members to specify
subjectivity, and member checking.
responsibilities, such as collecting and sorting out network
information, collecting materials and producing design
drawings, to help nurture the flexibility of their thinking.
3. Results and Discussion
The project required the students to make a simple
steamship in 6 groups of 6 or 7 students. The students
began the project by developing a steamship design, they
3.1. STEAM Project for Learning Thermochemistry
then determined what materials were required to build it
The project method using a STEAM approach aimed to and these details were recorded on an activity sheet.
develop students' critical thinking skills. The project began
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Figure 4.

Figure 3. Students’ Steamship Design

As demonstrated in Figure 3 above, each group created a
different design made in accordance with the steamship
criteria that required a front, a back, a fuel tank, a kiln and a
chimney.
This activity challenged the students to be creative in
determining the ideal material for designing a steamship.
Designs needed to consider nonflammable materials,
steamship principles and the buoyancy of lightweight
materials. Students were asked for their opinion of the
STEAM approach during the first lesson. One student
responded as follows.
“Today is great day because my friends and I are
making a Steamship that we have not done before”
(Student Reflective Journal, October 19, 2018)

Students’ Steamship

The Art discipline was visible in the model design of the
ships as various colors were used to decorate them. Next,
the steamship was tested and, based on observations of the
6 groups two groups failed, the case of two groups that
failed in the steamship test was because the axis distance
was so long that the incineration distance was too high
which caused the ship to be unbalanced and sunk. The fuel
test was completed over two lessons using methanol,
ethanol, and palm oils. All three of these fuels were
compared to determine which fuel caused the steamship to
move furthest by using a heat calculation. The results of the
fuel test result provided new information for the students as
reported in the following statement.
“We now the working mechanism of a steamship”
(Student Reflective Journal, October 26, 2018)
After fuel testing was carried out, students were able to
better understand the working principles of a steamship
because the activity process showed how the mechanism of
the ship ran with the help of steam produced from water
boiled by the fuel.

The student’s response indicates that they were
motivated by the STEAM project because they had never
participated in a project like this before. During the next
step of the project, the students made the steamship
according to their design, and as shown in Figure 4, several
different design were created due to considerations being
made such as ship weight and ship balance.
Figure 5.

Students’ Activities (fuel test)

Figure 5 shows fuel testing activities that went smoothly
apart from some small obstacles such as the combustion
bottle breaking and a leak in the chimney. However, each
obstacle was overcome by every group. Each group had
discussion questions to answer on an activity sheet as
pictured in Figure 6.
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November 19, 2018)
The statement above shows that a STEAM project can
improve critical thinking and creativity of students because
learning covers a variety of disciplines. Previous studies
have also shown that STEAM projects can develop
creativity,
including
adventurousness,
curiosity,
imagination and challenge [22]. For the teacher, the
challenge of developing projects and linking them to the
basic principles of STEAM encourages students to develop
creativity and critical thinking [9].
Figure 6. Group Discussion

Discussion sessions were developed as an evaluation of
each group member’s contribution during the STEAM
project. Students were given the chance to present their
analysis of the steamship project using PowerPoint and a
poster which they presented to the other groups, as pictured
in Figure 7 below. At this stage, the students played a
leading role as, group by group, they presented their design
ideas and applied STEAM related knowledge while
sharing the problems they encountered during the process,
as well as their solutions. This exercise allowed students to
practice presenting their thoughts in words. As stated by
one student, “It’s not an easy task to clearly explain our
thoughts and innovative design ideas in words” and, “I
was really nervous when I gave the brief report on the
platform for the first time. I made it thanks to my good
preparation”.

Figure 7. Group Presentation

Due to the choice of fuel contributing to the ability of the
models to travel different distances, the results of each
group differed. Each group came up with their own
reasoning for the results of the test. These different
perspectives strengthened the discussion and allowed the
other groups to see why differences occurred. Students
participated actively during the presentations as they
enthused about the differences they discovered.
“I got some information about science through the
STEAM project, I understand better how to make a
steamship using a secondhand, know the working
mechanism of the Steamship, and I am to be more
creative and proficient in counting” (Student Interview,

3.2. Student's Critical Thinking Ability in the Learning
Process
Critical thinking refers to an ability to analyse
information, to determine the relevance of information
gathered and to apply it in solving problems. The
implications of learning via a STEAM project on students'
critical thinking skills can be observed during the learning
processes, discussing the problem and the results of the
steamship experiment. The results of the critical thinking
tests were validated expert lecturers, one in education, one
materials expert and a chemicals expert.). Indicators of
critical thinking skills observed were categorized as:
Identify the Question at Issue, Conceptual Understanding,
Ideas Connection, Assumptions, and Inferences (SCIT
1020 Rubrics for Critical Thinking / Analytical Question
(Power of Science and Technology, 2013).
3.2.1. Identifying the Question at Issue
Question identification relates to a student’s ability to
formulate and identify questions regarding a problem or
relating to a topic. A student is said to have qualified the
question identification standard when she is able to
formulate a question and when she actively asks questions.
Critical thinking skills are included in the question
identification criteria of problem setting. An example of
questioning occurred during fuel tests where a student
inquired, “Does the size of the ship affect its speed?”
Another student asked, “Are there other types of fuel that
can be used by the steamship?” Other student’s questions
included, ”Can tissue be used as steamship axis?”, “Does
the diameter of the suction used affect the speed of the
steamship?”, and “Why does the use of oil fuel slow down
the ship?” The STEAM based project encouraged students
to ask questions and show their enthusiasm towards their
learning, as supported by [23] who espouses that the
characteristics of a student-centered STEAM approach
encourage students to actively ask questions. Identify The
Question at Issue means that students develop question
when they are motivated to explore the steamship attributes
and link them to thermochemistry concepts. By thinking
critically students organize their knowledge and experience
while exploring various context-related questions.
Only a few students were able to formulate and identify
questions regarding to the problem or topic. This was due
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to the lack of understanding of the problem or topic which
explains why critical thinking skill plays a significant role
in understanding chemistry [24]. This result is also
supported by [25] who noted that critical thinking is
required by students in making reliable and responsible
decisions, enquiring into issues, asking questions, deliver
new answers, looking for information and drawing a
conclusion.
Students' critical thinking skills can also be seen from
the answers to the critical thinking test. The concept of
critical thinking questions indicator identifies the question
at issue discusses how students can predict the death of 7
young people in a home.
a) The following is one of the reactions that take place
when the heating works. Complete the following
reaction! CH4(g) + …….  …….. + 2 H2O(g)
b) When the amount of oxygen is not enough, the
methane oxidation reaction cannot fully run and the
formation of CO (g) gas, this gas can poison people
around the heater with a chimney if the concentration
in the air exceeds a predetermined threshold value. In
the information provided, explain the reason for the
death of 7 young people! (There is a heater with a
chimney in the house of seven young people).
Some students answered correctly about choice a. The
following are the results of student interviews that
incorrectly answered the question.
Teacher
: Why did you answer the reaction with
CH4 + CO2  C2 + 2H2O
Student
: I still don't understand how to make the
right reaction.
Teacher
: Do you know that the question is an
example of a combustion reaction?
Student
: I don't know if it's a combustion reaction
Teacher
: What do you know about the combustion
reaction?
Student
: A combustion reaction is a reaction that
makes a substance damaged or lost.
(Student 21, Interview, 23 November 2018)
These results indicate that if students do not understand
the concept of combustion reactions. Combustion in
chemistry is materials that are often problematic, especially
when oxidation and combustion are related to everyday life
experiences. Daily life experiences are usually the main
source of alternative explanations and conceptions among
students [26]. Interpretations of everyday phenomena
usually lead to alternative conceptions where students
believe that all chemical reactions cannot be reversed, that
combustion is usually associated with the destruction or
loss of matter and mass or that combustion always
produces gas compounds [27].
Only a few students could answer question b accurately
and in detail, as reflected in the example below:
"The heater uses methane fuel so that the combustion
produces more carbon monoxide, the heater in the house

seems to have a problem so that carbon monoxide enters
the house and causes the amount of oxygen to be
reduced so that 7 young people inhale it and die"
(Student 10, Interview, November 23, 2018)
Few students were able to answer the question precisely
and in detail while other students answered simply,
“Because they breathed in carbon monoxide”, without
explaining the biology concept clearly. These results
indicate if a student’s critical thinking skills are not
developed, this is because students have not been able to
explain in detail the causes of death of these 7 people. The
concept of this problem is related to daily life. [28] states
contextual based teaching causes more student
involvement in science concepts, one example of
contextual based teaching is by applying the STEAM
approach, this is because STEAM can be integrated into
chemistry learning in real-life problems in the Indonesian
context [10]. Therefore, school education must enable
students to understand their daily lives, this is reinforced by
[29] regarding science in everyday situations having the
potential to make teaching more interesting and this will
make most students more motivated to learn so students
will better understand concepts.
3.2.2. Conceptual Understanding
Conceptual understanding is related to students’ skill in
analyzing an issue with the existing knowledge they
possess. Critical thinking skills included in the criteria of
conceptual understanding can be seen in the execution
process of the steamship project as demonstrated below:
“When the teacher is presenting a video about a
snowman which suddenly melts when exposed to the sun
and asks why it happened? One student answered
“Because the snowman absorbs the heat from the sun,
making the snowman’s temperature to drop and melt,
where the process is called endotherm”.
(Observer 2, Field Notes, 19 October 2018)
The statement depicts that the student used critical
thinking skills about endotherm and provided a detailed
explanation about the endotherm process that occurred to
the snowman by learning through an integrated STEAM
approach. The student actively builds their own knowledge
through a fun learning experience [8].
Critical thinking skills were also analyzed during fuel
tests. It was found that the majority of the students
combined their initial concept understanding with
thermochemistry concepts during the STEAM learning
process.
“Burning will create heat, so we have to avoid the use of
Styrofoam because it would melt when it is exposed to
heat (heat energy and heat transportation).”
(Student no.6, Reflective Journal, 2 November 2018)
“The process of heating water and choosing fuel is very
important to create steam. Action and reaction force
could be implemented as the work principle of steamers
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(Newton’s III Law).”
(Student no. 10, Reflective Journal, 2 November 2018)
These sample journal entries show that some students
were able to understand the thermochemistry concepts,
especially heat and burning enthalpy, and were able to link
them to the principle of a working steamship. Results
showed that students were able to develop their critical
thinking, an outcome that is supported by a study
conducted by [9] who stated that the challenges of
developing a project and relating it with basic STEAM
principles encouraged students to develop their creativity
and critical thinking.
Students' critical thinking skills were also noted in the
answers to the critical thinking test, as noted below. The
concept of a critical thinking questions indicator of
conceptual understanding related to the determination of
systems and the environment.
"Chemical reactions (ammonium chloride and barium
hydroxide) here as a system and beaker as
environment".
(Student 6, Interview, November 23, 2018)
The answers above show that if all students are able to
determine which systems and environments are included,
then understanding of the concept of systems and
environments has been well mastered by students, [30]
researchers also showed the same results wherein their
studies, 22% (of n = 207) correctly identified the chemical
reaction as a system while only 6% correctly identified the
environment.
3.2.3. Ideas Connection
Connection of ideas is related to students’ skills in
analyzing, organizing, and connecting various ideas or in
this research connecting disciplines to be integrated within
a STEAM context. Critical thinking skills included in the
connection of ideas criteria can be found in the execution
phase of the steamship project. The example below was
taken during an activity sheet discussion about the working
principles of a steamship.
“The working principle of a steamship uses the
thermodynamic concept. If something is warmed up, it is
going to change to be the energy. The heat sources from
the fuel are then warmed up in a tank with a burner and
on it there is a glass bottle filled with the water. If the
water has boiled there is going to be a change in energy
arisen the steam, namely the heat energy. It made the
steamship to move”.
(Group 1, Activity Sheet, November 16, 2018)
“The working principle of as Steamship is based on the
law of action-reaction (Newton law II). The steamship
uses a Newton law III as well. Its machine gives an
action style through a gas burst out of the back, and it
gives a reaction style through an impetus steam. This
movement is called the convection”.
(Group 4, Activity Sheet, November 16, 2018)
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The answers above, show that the students understood
the principle of steamships and some groups did not only
identify the chemical principles but also other disciplines
such as physics (Newton Law). In the connection of ideas,
students were trained to think critically in connecting
various ideas and concepts, in this case developing the
working principle of steamships and connecting to other
disciplines. The concept might include significant related
information or is connected to other concepts [31]. This
means that no concept stands alone, but is connected to
other concepts, so in order to learn a certain concept each
person must be able to differentiate that particular concept
to the others.
The example show that the students’ skills of connecting
ideas have developed through the research process. This
result is supported [32] who stated that a STEAM approach
encourages students to connect various ideas and that it is
highly related to conceptual understanding [33]. Mastery of
one discipline would allow students to be able to connect
knowledge to other disciplines, such as chemistry and
physics.
Students' critical thinking skills can also be seen from
answers to the critical thinking test. The concept of critical
thinking questions indicator, Ideas Connection relate to
instant cold and hot packs that are used as a tool to reduce
cold or hot temperatures. Students were required to find
information on the compounds used and how the
compounds work. One student answered as follows:
"Hot pack, there are ammonium nitrate crystals and
water bags while cold packs have magnesium sulfate
crystals and water bags. If the packaging is squeezed the
water bag will break and the crystals dissolve in water
and temperature changes occur."
(Student 14, Critical Thinking Test Results)
"Cold packs, usually the compounds contained in cold
packs are ammonium nitrate and water. The way it
works is ammonium nitrate dissolves in water and the
chemicals absorb heat and make the water cool while in
hot packs, the compounds are calcium chloride. How it
works is that calcium reacts with water and produces
heat. "
(Student 18, Critical Thinking Test Results)
These results indicate the skill of conceptualizing
students' ideas has developed because some students can
find compounds that can produce heat/cold.
3.2.4. Assumptions
Assumptions are related to students’ skills in developing
and presenting consistent assumptions. Students’ critical
thinking skills in making assumptions can be seen in the
execution process of the steamship project. One example
occurs during fuel tests, in which the fuel that propelled the
steamship furthest was different for each group.
“Ethano fuel, because the fire produced is big so that the
water quickly boils and out a lot of steam, and finally the
Steamship moves quickly”
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(Student Reflective Journal, November 5, 2018)
“Methanol is the reason why a Steamship moves fast
because its combustion process is fast and big”
(Student Reflective Journal, November 5, 2018)
The answers above show that students were able to
assume what type of fuel would cause the ship to move fast.
The example below occurred during selection of material
to make the steamship.
Teacher
: Did you use the right material for your
steamship?
Student
: Not yet, because the bottle we used as a
fire place often cracked.
Teacher
: What do you think caused the crack?
Student
: Maybe because the bottle we used is a
drink bottle so it doesn’t hold heat and also the bottle was
cold so when it was heated the temperature changed
rapidly and made the bottle crack.
Teacher
: What did you do to solve the problem?
Student
: Replace it with a dark bottle and a bottle
at room temperature (not cold). Dark colored bottles seem
to be more heat resistant than the ones that are clear that
we used before.
(Student Interview, October 26, 2018)
Based on students' comments regarding their steamship,
it appears that the students had developed their own
opinions. There were students who said their steamship
was good because they used suitable materials. There were
also students who said their steamship was not good
because they didn’t use the right materials. These answers
show that the students were able to think critically because
they were able to make assumptions about their steamships
and they could solve the problems that occurred and
implement solutions to increase the performance of their
steamship. This approach is supported by [34] who stated
that STEAM integration could be implemented to develop
critical thinking, communication, motivation, creativity,
respect, discipline, collaboration, responsibility, adaptation
and leadership as well as information and media literacy.
Students' critical thinking skills can also be seen from
the answers to the critical thinking test. The concept of
critical thinking questions indicators. Assumptions refers
to statements related to sweating lowering the body
temperature when rises where students must know what
causes body temperature to rise as well as how body
processes can lower body temperature. This indicator
connects the concept of chemistry to everyday life as
demonstrated below.
"When the human body carries out activities, there will
be a combustion process in the body to produce energy
which causes the body's temperature to rise when the
body experiences an increase in temperature, so humans
release body steam in the form of sweat to maintain a
stable body temperature".
(Student 36, Critical Thinking Test Results)
In this response, the student has demonstrated that if the

critical thinking skills developed, it is because students
have understood the concepts of exothermic and
endothermic and can connect the chemistry to events in
everyday life.
3.2.5. Inferences
Drawing a conclusion is described as the ability to make
a decision or draw a conclusion based upon adequate
evidence. Some students discussed the result of each fuel
used and compared them.
“The results of our group are that the steamship went a
long distance using fuel methanol> ethanol> palm oil,
this result is different from the heat calculation, because
combustion that occurs in oil is incomplete combustion
that causes the heat to be low, resulting in the distance
travelled by steamship to be short”.
(Group 4, Student Activity Sheet, November 5, 2018).
“The results of our group are the steamship ran far
using methanol> palm oil> ethanol, this result is
different from the heat calculation, because the
concentration of oil (oleic acid) of 43% and other
substances while the concentration of methanol was
93%. Therefore, methanol produced more heat than
palm oil and runs faster”.
(Group 6, Student Activity Sheet, November 5, 2018).
These answers indicate that students were able to deduce
what fuel would cause the steamship to travel farther and
provide a reason. Exploration of new knowledge, in this
case about a steamship will develop students initiative to
engage in chemistry learning [35]. The difference in the
answers could be seen in the above statements, and this
gave the students to opportunity to express their opinion
based upon their learning experience [16]. The above
results show that the students were able to come to a
conclusion related to the steamship project, which is one
criteria of critical thinking. This result is supported by [36]
who stated that it is critical thinking that allows students to
analyze their own thinking to ensure that they have come to
a reasonable decision and an intelligent conclusion.
Students' critical thinking skills can also be seen from
the answers to the critical thinking test, the concept of
critical thinking problem indicator. Inferences, in Figure 8
are the enthalpy calculation. Understanding the concept of
the enthalpy of formation and combustion reactions is
needed to answer this problem, to calculate the enthalpy
change the enthalpy formation value of each compound
contained in the combustion reaction.
Test results showed that most students correctly
answered questions about enthalpy calculations. Critical
thinking skills had been developed because students could
make combustion reactions correctly so that the enthalpy
calculation results were correct. The development of
critical thinking skills is because the chemistry learning
process often prioritizes calculations rather than concepts.
Many teachers believe that solving problems with
numerical calculations will improve conceptual
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understanding as seen from the many calculation questions
in the exam [37].
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techniques on critical thinking and critical thinking
dispositions in online discussion,” Educ. Technol. Soc., vol.
17, no. 1, pp. 248–258, 2013.
[2] S. Brookfield, “Teaching for Critical Thinking,” Int. J. Adult
Vocat. Educ. Technol., vol. 4, no. 1, pp. 1–15, 2013.
[3] K. Holma, “The Critical Spirit: Emotional and Moral
Dimensions Critical Thinking,” Stud. i Pædagogisk Filos.,
vol. 4, no. 1, p. 17, 2016.
[4] S. M. Jacob, “Mathematical achievement and critical
thinking skills in asynchronous discussion forums,”
Procedia - Soc. Behav. Sci., vol. 31, no. 2011, pp. 800–804,
2012.
[5] I. Indonesia, U. Nation, S. D. Goals, S. Indonesia, and V.
Nam, “© oecd 2016,” pp. 1–8, 2016.

Figure 8.

Enthalpy Calculation Result Test

4. Conclusions
The implementation of the STEAM project was
accomplished through six learning steps: 1) the essential
question step which could develop the ability to deliver a
simple explanation; 2) the project planning step which
could develop the aspect of building basic skills; 3) the
schedule compilation step which could develop the aspect
of strategy and tactics formulation; 4) the monitoring step
which could develop the aspect of simple and strategized
explanation delivery; 5) the result testing step which could
develop the aspect of considering further explanations; and
6) the evaluation step which could develop the aspect of
drawing a conclusion.
According to the result of the research and consequent
discussion it can be concluded that the students’ critical
thinking skills regarding thermochemistry material were
not developed. This can be seen that from five of the
critical thinking indicators, one of the students’ critical
thinking indicators, Identify the Question at Issue was not
developed. This result indicates that the students were not
able to formulate and identify the questions related to the
problem or topic due to the lack of understanding of
thermochemistry material. Therefore, in order to increase
students’ critical thinking skills a continuous practice of the
STEAM approach in schools is needed. The development
of a strong STEAM program from early childhood, through
to tertiary level is also important in order to create a society
that is scientifically literate, able to think critically, and
who understands the value of STEAM for the future of the
planet [38].
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