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Abstract

This study aimed to develop students' 215t century skills by integrating STEAM projects (Science, Technology,
Engineering, Art, and Mathematics) in learning chemistry on acid and base solutions. Interdisciplinary learning
was designed to allow students involved actively in learning through project development activities to see the
relevance of learning content and its application in real life. This study involved 35 students of natural science
11t grade, consisting of 14 boys and 21 girls, in one of public senior high schools in DKI Jakarta Province.
Researchers used qualitative methods to understand students' experiences and the implications of learning on
their 215t century skills. The researcher collected data through semi-structured interviews, observation, journal
reflective, and 21t century skills questionnaires. The results showed that each stage of STEAM learning
integrated with project-based learning encouraged students to develop 21t century skills, namely learning
and innovation skills, skills using information, media, technology, and life and career skills. Students reflected
their abilities in using information and technology, the ability to work together, communication, and thinking
at higher levels, as well as adaptability and leadership. In addition, students were also faced with challenges in
changing the paradigm of teachers and students and managing the learning process.
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1. Introduction needed in the 21t century through the 2013
curriculum which states that integrative

As a developing country, Indonesia now has thematic learning emphasizes character

more challenges, one of them is the existence
of the ASEAN Economic Community (AEC).
Indonesia joined AEC since the end of 2014.
The existence of AEC open up greater
opportunities for participating at free markets
among ASEAN countries. Increasingly open
free market allows countries to easily sell
goods and services to other countries
throughout = Southeast Asia so that
competition will be even more intense. One
way to reduce the unemployment rate due to
increasingly fierce competition is to prepare
generations who have competitiveness in
skills. Skills are the capital necessary in future
life. Indonesia seeks to develop skills that

education and looks at processes for skilled up
(Alismail, 2015).

Education is a forum to prepare a generation
who compete in knowledge, attitudes, and
skills. In the 215t century, the skills in education
is very important for students to be
competitive in the future. This is in accordance
with 215t century learning which has three
aspects of skills, which are learning and
innovating, using information, media and
technology as well as life and career skills
(Trilling & Fadel, 2009). 215t century skills arise
from the assumption that today individuals
live in an environment familiar with
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technology, abundant information, very rapid
technological advances, and the necessity of
communicating and collaborating
(Partnership for 215t Century Skills, 2008). ATCS
(Assesment and Teaching for 21t Century
Skills) concluded four main things related to
21t century skills, which are how to think, how
to work, work tools, and life skills (Pacific
Policy Research Center, 2010). To optimally
develop 215 century skills, needs support from
all fields of teaching and learning, including
chemistry.

Chemistry is a part of sciences which
important to be understood by students.
There are a lot of phenomena in life closely
related to chemistry (Bhargava, 2016; Roy,
2016), so that the learning of chemistry cannot
be separated from its context in real life (Majid
& Rohaeti, 2018). The process of learning
chemistry often faces challenges due to the
need for the development of basic concepts.
On the other hand, it is also necessary to
consider the development of 21t century
skills. Chemistry is also considered a subject
that is difficult for students to understand
because of the abstract characteristics of the
concept (Sirhan, 2007). Therefore, in order to
have a complete understanding, students are
encouraged to have an understanding of the
three levels of representation of chemical
sciences, which are macroscopic, sub-
microscopic, and symbolic (Johnstone, 1991).
In addition to these characteristics, chemistry
learning emphasizes the process of
memorizing facts and ignoring concepts so as
to make them less meaningful
(Hadinugrahaningsih et al.,, 2017).

STEAM is a relatively new educational
paradigm that emphasizes interdisciplinary,
creative, contextual, problem- or project-
based learning (Henriksen et al, 2019).
Therefore, in the last decade, STEAM has
become an increasingly in demand subject in
the field of scientific and educational studies
(Khine & Areepattamannil, 2019). STEAM
approach is a development of STEM approach,
the addition of "Art” elements to STEM will
develop  creativity, collaboration, and
innovation (Davis & Long I, 2017; Lee et al,
2016). The addition of “Art” helps learners who
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have different views in finding relationships
between disciplines to develop
comprehensive  knowledge in  solving
problems (Rahmawati et al, 2022; Wilson et
al, 2021). The integration of “the Art"
dimension is carried out to ensure the active
involvement of learners in the learning process
to develop interdisciplinary thinking and assist
them in building a self-profile by considering
the differences between learners. (Basaran &
Erol, 2021).

Research related to the implementation of the
STEAM approach in various countries has
shown implications for the development of
various skills. Gardner & Tillotson (2019);
Patterson & Muna (2019) reports that learners'
involvement in collaborative learning from
real-life problems encourages them to
develop their procedural abilities. The
application of STEAM has been assessed as
one of the learning approaches that
significantly encourages the development of
student creativity (Khamhaengpol et al.,, 2021;
Shen et al,, 2021), solving various problems in
a creative and integrative way by increasing
understanding and interest in knowledge,
processes and natural tourism in a variety of
different fields related to science technology
(Kim, 2011). In addition, the application of
STEAM encourages students' curiosity and
motivation in independent learning, problem
solving,  project-based  learning, and
challenge-based learning (Park et al, 2016;
Rahmawatt et al., 2021). STEAM helps learners
be aware of how to learn and focus by
emphasizing logical, mathematical and
scientific thinking, while increasing learners'
learning motivation by generating curiosity
about the concepts they have learned with real
life (Adriyawati et al, 2020; Rahmawati et al,
2020).

Based on the various implications of STEAM
learning above, this approach has great
potential in the development of 215t century
skills. Therefore, this study aims to develop the
skills of 21t century learners in chemistry
learning. The topic of acids and bases is
chosen because it is one of the popular
chemistry learning concepts due to its wide
application in life (Saglam et al, 2011).
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However, in practice, to bring learners into the
realm of application is still rarely done. Thus,
in this study, students are directed to be able
to produce a STEAM project as an application
of the concept of acids and bases.

2. Research Method

This research used qualitative methods to
describe as a whole and in depth the
development of students' 21t century skills
through the implementation of STEAM
projects in acid and base learning.

2.1.Research Design

The study involved 35 students of natural
science 11™ grade, consisting of 14 men and
21 women in one of public senior high schools
in DKI Jakarta. The research was carried out
through three stages: preparation,
implementation, and the final stage shown in
Figure 1.

Development of 21t Century Skills in Acid-Base

Learning Through STEAM Projects

asking essential
guestions

— | designing a plan |—»

drawing up a
project schedule

gquestions that aim
to lead to the
project to be
cartied out

A /

'd ™ students are given
students are given sér:;DeerSttiI\E;:eDsnin students create
impartant timelines and

the project, then
students are given
the opportunity to
discuss in the
division of tasks
and project design

deadlines for
rmutual agreement
in project work from

start to finish

rnonitaring

reinfarcement of
the concept as
feedback on the
project that has
been given and
review the material

evaluating the .
ing assessing results leatners and
experience roject progress
4 provide

students present
the project results

and discuss and do

Q&4 then make
posters related to
the activities that
have been carried

~

students wark
together to wark on
and complete
projects according
to the instructions
contained in the

Creation of learning designs Preparation
toienplernent the of research instruments, such as worksheets,

interview protocols, journal Preparation
reflective questions, ohservation sheets, and stage

STEAM approach in acid and
base learning

215t century skills
questionnaires

l

Implementation
of six stages of integrated STEAM learning| | Implementation

Data
collection: observation,
reflective journals, and
learner worksheets

project-based learning on the topic stage
of acids and bases

Data Analysis
Collection: semi-structured of the data that has been collected
interviews and guestionnaires to based on the 215! century skills Final
indicators developed by the stage

abtain 215
century skills development
information

Partnership for 2151 century skills,
then conclusions are drawn

[\ /

Figure 1. Research Flow

In the preparation stage, researchers compiled
acid and base learning plans through material
analysis, STEAM-PJBL literature, and student
characteristics. In addition, researchers also
prepared the necessary instruments in the
study, such as worksheets, reflective journals,
interview questions, observation sheets, and
215t century skills questionnaires. The STEAM-
PjBL was carried out in eight meetings through
six learning steps shown in Figure 2.
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Figure 2. STEAM Learning Stages Integrated with
Project-Based Learning

The STEAM project developed related to acid
and base learning was the activity of growing
mung beans. Students in groups made pots
from clay with designs according to their
creations. Then painted and decorated the pot
using watercolors. They also made acid and
base solutions with a certain pH from natural
ingredients and materials available in the
laboratory. Furthermore, they carried out a
series of activities, such as planting mung
beans, measuring soil pH using a soil tester,
observing the growth of mung bean plants,
and making posters as a communication
medium for the activities that have been
carried out.

The final stage of the study included the
processing of data obtained during the
research, data analysiss, and drawing
conclusions related to the implications of
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STEAM-PJBL practice on the development of
learners 215t century skills.

2.2.Data Collection Techniques

Data collection in this study was carried out
through  several techniques including
interviews, observations, reflective journals,
and 21t century skills questionnaires.
Researchers were assisted by two observers to
observe in depth the various phenomena that
occur during the research process and to
obtain information on the involvement of
learners in STEAM-PjBL. At the end of each
meeting, learners were asked several reflective
questions to gain an exploration of the
understanding, feelings, and challenges they
face during learning. The example of the
question asked is as follows; (1)How did you
feel after doing various activities in STEAM
learning today?; (2)What benefits have you felt
from the learning that has been done?

After the acid and base learning ends, semi-
structured interviews were conducted both
individually and in groups through focus
group discussions (FGD). The purpose of the
interview was to obtain more in-depth
information related to the experience of
students in chemistry learning which was
carried out using STEAM-PjBL. In addition to
the interviews, learners also filled out a 5-likert
scale questionnaire as a self-assessment of the
of 21t century development skills they feel.
Here are some examples of statement items in
the questionnaire filed. (1) | was able to create
my own creative ideas with observations or
experiences that | have experienced, (2) | was
able to ask questions that were important to
gather information, (3) | was able to divide my
time, make plans and complete tasks on time.

2.3.Data Analysis Techniques

Data analysis in this study was carried out
through three stages: data reduction, data
presentation, and conclusion drawing (Miles &
Huberman, 1994). Data reduction was carried
out by focusing attention on the simplification
and transformation of raw data obtained
during the study with the aim of setting aside
irrelevant data or information. The relevant
data were then presented in matrix or coding
tables based on the categorization of STEAM-
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PjBL implementation stages and 215t century
skills aspects. Furthermore, the implications of
STEAM-PJBL learning practices on the
development of learners' 215t century skills in
chemistry learning were analyzed.

2.4.Data Validity Techniques

Data validity technique used in this study was
trustworthiness (Guba & Lincoln, 1989). To test
trustworthiness, credibility criteria were used
to verify data in drawing conclusions that
included prolonged engagement, persistent
observation, progressive subjectivity, and
member checking (Miles & Huberman, 1994).
Prolonged engagement was carried out by
involving researchers directly in the research
process to understand the context, explore
student involvement, and implement STEAM-
PjBL in chemistry learning over a period of
time. At the same time, persistent observation
was carried out by deeply observing each
phenomenon that occurs continuously
assisted by two observers. Progressive
subjectivity was carried out to monitor the
development of students’ 21 century skills
based on records obtained during the study.
Member checking was carried out to ensure
the accuracy of the data by reconfirming
ambiguous data to the research subject.

3. Result and Discussion

3.1. Implementation of STEAM Approach
Integrated with Project-Based Learning
(PjBL)

The first stage in the STEAM approach

integrated with project-based learning was to

provide essential questions related to the
project to be given. These essential questions
were to stimulate and direct learners to the
project to be worked on. The essential
question that led to the project related to the
application of acids and bases in everyday life.

Some of the essential questions given are: (1)

What do you know about acids and bases?; (2)

How do the properties of acidic solutions and

alkaline solutions differ?; (3) How to find out a

solution is acidic or alkaline?; (4) Do you know

the benefits or applications of acids and bases
in everyday life?
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The questions asked in this early stage of
learning encourage the inquiry process of
learners to be able to evaluate, synthesize, and
analyse problems so as to encourage their
curiosity (Hawart & Noor, 2020). Essential
questions lead learners to the application of
various skills and understanding of content to
effectively develop multidisciplinary projects
(MacMath et al., 2017).

Table 1. Activity Mapping in the STEAM Approach

Activities Planting Mung Beans on Soils
that have different pH
Science 1. Acids and Bases
2. Plant Resistance to the
Environment (pH)
3. The science of farming
Technology 1. Soil tester (smart easy to
use 4 in 1 soil survey
instrument)
2 Handphone
3. Laptop
Engineering 1. Planting technique:
hollowing out, selection of
seedlings, watering
2. The technique of making
pots out of clay
Arts 1. Sketch of the shape of the

pot

2. Paint and decorate the pot
with paint so that it has
aesthetic value

Mathematics 1. Measurement of pH and

plant growth

2. Making a solution with a
certain pH

The second stage in the STEAM-PjBL was
planning the project. Researchers assigned
projects through activities, namely planting
mung beans in soil that has a different pH.
Researchers provided information on several
activities in the project such as making pots
from clay, making acid and alkaline solutions
with a certain pH from natural materials and
materials available in the laboratory, planting
plants, painting, observing plant growth and
making posters as a communication medium
of the activities carried out. Students were
given the opportunity to discuss in the division
of tasks and design projects. In addition,
before planning the project, students were
asked to do literacy regarding mung bean
plants. The activities provided have five
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elements of STEAM, namely science,
technology, engineering, arts, and
mathematics (Table 1).

The third stage was to compile a schedule,
students made a timeline and deadlines by
mutual agreement in working on the project
from start to finish. The preparation of the
time for the activity and how long the
observation was obtained was based on the
results of a mutual agreement between the
researcher and the students. The fourth stage
was monitoring the project, students worked
together to work on and complete the project
according to instructions and reported
progress in writing through worksheets.
Students work in groups with great
enthusiasm to develop their projects.
Researchers supervised the progress of the
project, monitored and asked how the mung
bean plant grows. Activities in creating
projects can make learners develop 21
century skills (Figure 3).

Figure 3. Activity in Creating a Project

The documentation in figure 3 showed
students communicating and collaborating
together to produce a product. In addition,
students are more skilled in using a tool that
has never been used before such as universal
indicator paper and soil tester. The build of
acid and base solutions with a variety of pH
trains critical thinking and problem-solving
skills.
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The fifth stage was to assess the results, the
researcher assessed the results of the products
produced from the project given to the
learners. Students presented the project
results and discussed and did question and
answer, then made posters related to the
activities that have been carried out. The
product produced from the given project,
namely the mung bean plant, can be seen in
Figure 4.

Figure 4. Products Produced by the STEAM
Approach

The last stage in the STEAM approach
integrated with project-based learning was to
evaluate the experience to find out what
students got from learning using the STEAM
approach on acid and base solution materials.
In addition, at this stage, the researcher
provided reinforcement of the concept as a
feedback on the project that has been given
and reviewed the material of acid and base
solutions. Here is an example of a dialogue
between researcher and learners:

Student 9 Mam, studying chemistry
can  apparently  be
attributed  to  other
subjects, such as Biology
and Mathematics?

What do you think it
looks like?

Yes, we observe plant
growth such as its height
per day, whether it
continues to grow or not

Teacher

Student 9
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if it (s watered with
various solutions whose
pH varies.

Learning with the STEAM
approach s indeed
related to various fields
of science, so that your
knowledge (s getting
wider, interesting or not?
Interesting mam, more
real learning.

Teacher

Student 9

The passage of the dialogue above was the
result of interviews with students, showing
that students can feel not only learning
chemistry but also learning another lesson,
namely biology, chemistry and biology
included in Science (Yakman & Lee, 2012).
Learners can describe which parts include
biology lessons. Learners also get a
connection between the material studied and
the problems that exist in life, thus obtaining
important information and preparing life skills
for future skills (Alismail & McGuire, 2015).
Some experiences about learning with the
STEAM approach are also felt by students,
including:

The highly communicative and interactive
STEAM teaching system (s useful for students
in Indonesia whose education system (s
limited.

(Student 25, Interview, 6 February 2017)

What | feel when learning using STEAM, we
feel more practice. The advantages of using
the STEAM approach can help me to better
understand the true meaning of learning. The
use of the STEAM method is very pleasant
during learning.

(Student 10, reflective journal 1 February
2017)

Can process learning values better, better
application, can develop as, thoughts,
creativity, can be more efficient and can
design things well.

(Student 6, reflective journal, 1 February 2017)

The results of the above interview showed

some of the learners' responses about the
STEAM approach. Responses about the STEAM
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approach include communicative and
interactive, fun and can hone skills.

Researchers feel that linking certain chemicals
to the application of the STEAM approach is a
challenge for researchers. Acid-base material
in general has a dimension of conceptual
knowledge, thus providing challenges in the
application of the STEAM approach in
learning. The application of the STEAM
approach with activity makes the dimensions
of knowledge on the material of acid and base
solutions more varied. Another challenge
faced is that learning takes time longer than
traditional learning.

3.2. 21 Century Skills Development

The application of learning with the STEAM
approach through project-based learning
using activities directed at a project has the
potential to make students have skills. Skills
needed in the future as listed in 215t century
skills. 215t century skills are divided into 3 large
groups, namely learning and innovating skills,
skils to wuse information, media and
technology, and life and career skills. The main
assessment of 215t century skills is the way of
thinking, the way of working, tools of work and
life skills. (Pacific Policy Research Center,
2010).

21t century skills include learning and
innovating skills consisting of critical thinking
and problem solving, creativity and
innovation, communication and collaboration.
Information, media and technology skills
consisting of information literacy, media
literacy, and technological literacy. Life and
career skills consist of flexibility and
adaptability, self-initiative and direction, social
and cross-cultural interaction, productivity
and accountability, and leadership and
responsibility. The results of the development
of students' 21t century skills were obtained
by researchers through questionnaires,
interviews, and journal reflective. The results
of the 21t century skills questionnaire (Figure
5) showed the most significant skills including
communication and collaboration skills, social
and cross-cultural interaction and flexibility
and adaptability.
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21%t Century Skills Questionnaire Results
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Figure 5. 215t Century Skills Questionnaire Results

Skills  that also showed significant
development were technological literacy skills,
information  literacy,  leadership  and
responsibility, creativity and innovation, as
well as self-initiative and direction. Other skills
that also developed well were critical thinking
and problem solving, media literacy, and
productivity and accountability.

3.2.1. Learning and Innovating Skills

Learning and innovation skills consist of
critical thinking and problem-solving, creative
and innovative skills, and communication and
collaboration. These three skills support the
way of thinking and the way of working to be
able to be competitive in the future.

Learning by applying the STEAM approach
through a project gives students the
opportunity to find knowledge and explore
knowledge to produce products. The main
activity given was planting mung beans which
were given two different treatments. Learners
think what happens to the growth of plants
that were given different treatment and
compare them so as to practice critical
thinking and problem-solving skills.

Student 13 can answer the problem of acidic
pH that inhibits the growth of mung bean
plants because with acidic pH it will stimulate
abscisic acid hormone which (s a growth-
inhibiting hormone.

(Observation, 31 January 2017)
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Students observed the problems that occur,
compared observations so that they can solve
the problems that occur. Therefore, the STEAM
project led learners to be involved in the
thought process to stimulate the development
of students' critical thinking skills and
creativity. (Wilson et al, 2021). The given
project not only trained critical thinking and
problem-solving skills but also led learners to
produce work. The creation of works was the
result of creativity and innovation together in
groups. STEAM encourages learners to
develop skills of creativity and innovation
including in the way of thinking, how learners
produce products, then visualized in a tangible
form (Lu et al,, 2021; Y. Rahmawati et al.,, 2019).
Student 24 Why s the bottle cap
hollowed out?
© So that it is easy when
watering the plants, just
spray it like a shower,
there (s no need to open
the bottle cap again.
Oh yes, that's right to
make it more practical.

Student 20

Student 24

The above dialogue could be analyzed that
learners use creative ideas and convey ideas
with clear goals and are accepted as an
innovation in project work. Creative ideas can
appear in project creation, creativity and
innovation here as a way of thinking of
learners when given a project with a set time.

The success of learners in developing STEAM
projects reflects that communication and
collaboration are well established
(Nurramadhani et al, 2021). These skills have
implications for the way learners work in
teams and produce a product together. The
following statement of student 13 indicates
that work management in the team is going
very well.

Working together, as when planting, we share
tasks, some make solutions, take soil and
paint. We have our own strengths and
weaknesses so that we complement each
other.

(Student 13, Interview, 31 January 2017)
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Based on the interview above, it showed that
there was good communication and
collaboration taking place within the group.
The involvement of learners in information
exchange activities, discussions and providing
input, encourages them to practice
communication and cooperation skills with
peers. (Adriyawati et al., 2020; Ridwan et al,
2020).

3.2.2. Skills in Using Information, Media, and
Technology
Skills in using information, media, and
technology consist of information literacy,
media literacy and technological literacy.
These three skills are included in the working
tool. Information literacy skills are needed in
project creation, how learners use information
and process information to produce products.

Student 3 convey the information obtained
about green bean plants such as the optimum
pH of green bean plant growth, green bean
plants can grow on loose and dry soll types. If
the soil is dry then the watering time is more
than 2 times.

(Observation, 17 January 2017)

The results of the interview above illustrated
that students were able to choose and use
information well. This reflects that project-
based learning encourages learners to look for
information related to the activities carried out
and apply relevant information in the learning
process (Cioc et al,, 2022).

Media literacy skills are also needed in project
creation, media literacy skills are included in
the tools of work, and how students develop
media from the information obtained.

Group 3 can develop learning media from the
activities that have been carried out namely
making posters with a green gradation
background, listed titles, goals, plant
characteristics, broad  treatment and
conclusions, also accompanied by photos.
(Observation, 2 Februari 2017)

The results of the interview above showed that
students could develop posters as a
communication medium for the products that
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have been made. This shows that the
integration of art in STEM provides
opportunities for students to be creative in
developing products and media as a means of
sharing information (Tome & De Abreu, 2022).

Another skill that emerged from the
implementation of a project-based learning
integrated STEAM approach in chemistry
learning is technological literacy. Learners
used technological literacy in completing
projects and helping them acquire knowledge.
Technological literacy skills include tools work,
how learners use technology and develop
technology to produce products.

The use of a soll tester in this activity, makes
more understand about how to use it.
(Student 27, Reflective Journal 24 January
2017)

The reflective journal above described learners
gaining updated knowledge through tools
used in a given project and gaining the ability
to use it correctly. Technology can help
visualize outcomes and predict with
observational data from the growth of mung
bean plants (Kuhn, 2015).

3.2.3. Life Skills and Career

Life and career skills consist skills of flexibility
and adaptability, self-initiative and direction,
social and  cross-cultural interaction,
productivity and  accountability, and
leadership and responsibility. These five skills
are included in the way of working and life
skills. Flexibility and adaptability skills are very
useful for dealing with changes that always
occur when completing projects that are being
worked on. Both of these skills are important
so that learners have an effective and efficient
way of working.

/just accept it if | am given a jobdesc, but / also
see in advance whether | can do it or not if/
can't do it | ask for another jobdesc or | ask for
direction so that it can be done together.
(Student 30, Interview, 14 February 2017)

The results of the interview above showed that
collaborative activities open up opportunities
for students to develop flexibility and
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adaptability at work (Hadinugrahaningsih et
al, 2017). In addition, the projects provided
encourage students to be more initiative and
to improve their knowledge and abilities to be
more skilled. Initiative and self-direction are
also very important when working within a

group.

/ accept the jobdesc given but sometimes also
| take my own initiative to work on something
/ can.

(Student 22, Interview, 8 February 2017)

From the above interviews it could be
concluded that learners can initiatively
organize themselves in groups to carry out
tasks. It is based on an inquiry process in
project development that leads learners to
find answers to essential questions, find the
right project, reflect on the process, and
evaluate projects based on criticism
(Grossman et al., 2019)

Social and cross-cultural interactions are also
very important when working in groups to
build good communication, learners must be
able to interact with different character
members of the group. Activities directed to a
project gave learners the opportunity to be
able to build social interaction, respect the
opinions of other group members in
completing the project.

Student 27: Why at the time we check
the pH of the soil is 7
while we have flushed the
soil with an alkaline
solution?
the soil should also be
alkaline  because the
solution being watered
has a pH of 9
Maybe it (s because it (s
Just been watered so it
has not absorbed all, plus
in the solil there are many
elements, there may be a
reaction.

Oh yes, that's right it
could have happened.

Student 28;

Student 25:

Student 27:
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Based on the dialogue above, it could be
concluded that there was interaction between
3 learners in their group. Group work activities
facilitate learners to develop their social
interaction by giving friends the opportunity
to speak, respecting opinions, and receiving
opinions from friends. (Chu et al, 2019).
Effective interaction opens up opportunities
for good collaboration for learners to
complete their projects. In this study, the
resulting project was in the form of planting
mung beans. The following statements of
student 15 reflect the occurrence of good
project management in their cooperation.

The purpose of this project is to find out the
consequences resulting from the growth of
plants that are given different treatment. First,
we plant a mung bean plant in two different
pots, the first pot with water, and the second
pot with an acidic solution, then observed for
5 days and noted the growth and
development that occurred over 5 days,
measured the pH of the soil using a soll tester.
(Student 15, Interview, 6 February 2017)

From the results of the above interviews it
could be concluded that learners 15
understand the project and manage the
project in an organized manner and can name
the steps carried out. Good project
management is also based on the
development of a sense of responsibility and
leadership experienced by students.

Incidentally, when asked about the dynamics
of the group, | am the group leader, in the
group | use one-way coordination so /
coordinate the jobdesc according to their
ability, then they accept and carry out the
assigned tasks, we all learn to be the best.
(Student 25, Interview, 6 February 2017)

The statement of learner 25 above reflected
that he has a leadership spirit as the head of
the group who is tasked with coordinating all
members and providing opportunities for
them to develop into the best. This showed
that the implementation of the STEAM
approach integrated with project-based
learning encourages students to have a sense
of collective responsibility to be able to solve
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project  development challenges  well
(Tenhovirta et al, 2021). As well as
encouraging them to demonstrate their
critical ability to be successful, both in school
learning and careers (Holmes, 2017).

4. Conclusion

Based on the description of the research
results above, it reflected that the
implementation of the STEAM approach that is
integrated with project-based learning in
chemistry learning is effective in developing
the 215t century skills of students. Project-
based learning trains learners to actively
engage their thinking skills in order to solve
problems through the development of
creative and innovative projects. Work
activities in teams encourage them to
communicate clearly so that they can
collaborate effectively. Learners also reflect
the development of their skills in seeking
information and using technology to be able
to work together flexibly, interact across
socio-cultures, increase productivity, and
accountability. In addition, STEAM project
development activities lead learners to
develop themselves into independent learners
characterized by the emergence of self-
initiative, responsibility, and training their
leadership attitudes.

Learning using STEAM approach provides a
more meaningful learning experience by
directly practicing the application of acid and
base solution materials in everyday life. The
STEAM approach is able to provide a
memorable experience. The varied responses
from learners regarding the STEAM approach
to learning show that the STEAM approach is
fun, not boring, can hone and develop skills as
well as interactive and communicative.
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