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ABSTRACT

Located in the Pacific Ring of Fire, Indonesia endangered by natural disasters. Through the
changing of learning activity in a proper way by the application of STEM Project-Based Learning,
future generations are expected to develop the knowledge and thinking skill to solve the problem.
Therefore, this study aimed to investigate the effect of implementing STEM Project-Based
Learning on student's Problem-Solving Skills. This research.used a Pre-Experiment method with
a One-Group Pre-test-Post-test design and essay questions.as-data collection tools. In this research,
30 7th-grade students at one school in Bandung, Indonesia, were chosen as the participants. The
data analysis showed significant improvement between student's Problem-Solving skills pretest
and post-test (N-Gain=0.73). In addition, Idea-Finding is the greatest improvement during the
Fact-Finding on the lowest. Based-on.the result, STEM Project-Based Learning is recommended
to improve students' Problem-Solving Skills since they can use their integrated knowledge to solve
a real-world problem.
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1. Introduction

Indonesia has to struggle with the risk of volcanic eruption, earthquake, flooding, and
tsunami since Indonesia is situated on the Pacific Ring of Fire within the Australian Plate, Eurasian
Plate, Pacific Plate region, and the Philippine plate produces the nation becoming the world's most
seismically active region. In Indonesia, over 677 earthquakes have occurred in the past 365 days,
based on earthquaketrack.com (2020) the 1,628 accidents, 60 people died, 545,000 were

displaced, more than 9,000 were destroyed, and hundreds of public buildings have been destroyed



in the last six months (BNPB, 2020). This phenomenon shows that problem-solving in disasters is
still low with a large number of victims repeatedly.

Through education, disaster risk reduction by developing student attitudes, skills, and
knowledge can be gained. In facing unexpected challenges in the future, we must prepare the future
generation to solve real-world problems such as natural disasters by studying the phenomenon,
using their expertise, and adjusting under conditions to the latest modifications,-However, that will
never happen because we have never made such improvements to how, the learning practice is
carried out. In 2019, Indonesia had a PISA ranking of 396 points in-education, compared to an
average of 489 in OECD countries (OECD, 2019). It indicates:the low quality of Indonesian
education. One of the reasons is because the learning system only focuses on remembering.
Students now have excellent memorization, but they. would not be able to adapt what they have
learned to real-world problems (Arisanti et al., 2016).

The low quality of Indonesia education also affects the percentage of students' problem-
solving skills in Central Java. The percentage was 52.93% based on the test and indicated that
students’ problem-solving skill is categorized low (Jua et al., 2018). Problem-solving is defined as
a cognitive-affective-behavior' method involving finding the right ways to cope with daily life
problems, and it leads.people to solutions for the problems (Maydeu-Ollivares & D'Zurilla, 1997).
Problem-salving is-a crucial skill to affect any move in life, from essential to complex (Deniz,
2004). Use the Problem Solving Skill Test (PSAT) to assess the pupils' problem-solving abilities
and the abilities of science-processing. Chang and Weng (2002) designed and constructed the
PSAT according to the Imaginative Problem Solving (CPS) model, emphasizing convergent (or
critical) and divergent (or innovative) thinking skills of students contained by the following four-
stage problem-solving processes; (1) Fact-finding stage: students can find the number and variety

of facts, (2) Problem-finding stage: the students can recognize problems and degree of clarity



problems, (3) Idea-finding stage: students can put forward with number and variation of ideas and
degree of creativity of the ideas; (4) Solution-finding stage: the students can propose rationality,
accuracy, and the possibility of solutions.

Indonesia Curriculum emphasizes interdisciplinary dimensions that promote the learning
process using logical, conceptual, and systemic approaches. Triggered by documented low-
performance mathematics and science rates, a new curriculum strategy is beingcreated.and named
STEM education. The STEM curriculum strives to teach independent and specific skills of science,
engineering, and mathematics. Another method to address the essential-forrSTEM Education with
practical action is by introducing STEM Project-Based Training, which relates to the learning
paradigm constructed on the STEM Education approach and.combined with the project-oriented
set of courses template (Tseng et al., 2013). STEM Project-based learning allows students to
cultivate idea understanding and critical thinking. skills in keeping with the theory of lifelong
learning that corresponds to the four foundations of universal education, namely learning to know,
learning to do, learning to live together, and learning to be (Arisanti et al., 2016). STEM Project-
Based learning is divided into five stages, which can be adopted for the teacher based on Lou,
Chou, Shih and Chung " (2017), described as the preparation stage, implementation stage,
presentation stage, assessment, and correction stage. STEM Project-based learning also combines
science curriculum and engineering design concepts; this combination of design principles
develops applicability in the real world.

Many studies have been conducted as concerns implementing STEM Project-Based
Learning to see its effectiveness, including investigated Problem Solving Skills such as Hanif,
Wijaya, and Winarno (2019), also research on improving student's creativity by using STEM
Project-Based Learning. Apriyani, Ramalis, and Suwarna (2019) have also researched analyzing

the student's Problem-Solving Skills using STEM-based learning on direct current electricity. The



research on the development and validation of science, technology, engineering, and mathematics
(STEM) is based on instructional material already carried by Gustiani, Widodo, and Suwarma
(2017). The study using STEM Project-Based Learning on student concept mastery and Creativity
skills was also have done by Arisanti, Sopandi, and Widodo (2016). Nonetheless, there have not
been several studies on STEM Project-Based Learning research found to investigate student's
Problem-Solving Skills. Besides, student's problem-solving skills in disasters,. especially
earthquakes, are still lacking. Due to the demand for improving students' problem-solving skills,
the researcher decided to conduct the research titled "Promoting Student's Problem-Solving Skills

through STEM Project-Based Learning in Earth Layer and Disasters."

2. Method
2.1  Research Design

This study's research method.is the pre-experimental method, which uses one research
group without the classroom's control. Thisresearch method is appropriate for this research, which
investigates the STEM Project-Based Learning as the independent variable for students' problem-
solving skills as the dependent variable in learning earth layers and disaster topics.

One group pretest'post-test is the research design used, which observed and measured the
impact of the treatment not only in the last part but also before the STEM Project-Based Learning
treatment is applied. Therefore, the research design to compare the pretest result to know their
prior knowledge and after the concept gave the treatment of the final post-test from one group is
possible. The design is as shown in Table 1.

2.2  Participant
The chosen schools' characteristics have been that they apply the 2013 National Curriculum

to the learning process. The location where this research was carried out is in Bandung City,



Indonesia. All 7th-grade students were the population of this study, and 30 students from School
X are used as the sample. Convenience sampling is the sampling method used in this research. The
selected participants are chosen because they are available to be studied. There are 13 male and 17
female students with an age average of 12-13 years old. The distribution of participants shown in
Table 4.
2.3 Research Instrument

In this research, the students' problem-solving skills were measured based on criteria on
the Problem Solving Ability test (PSAT) by Chang and Weng (2002). The PSAT was developed
and built the Creative Problem Solving (CPS) model (Osborn,1963) that underlines the convergent
(or critical) and divergent (or creative) thinking skills of students in the following four-stage
problem-solving processes: fact-finding, problem-finding, idea-finding, and solution-finding
(Treffinger & lsaksen 2005). All questions are-adaptive from the earthquake problem titled
'BMKG: Jepang Sudah Wajibkan Bangunan Anti Gempa Sejak 1990 in CNN Indonesia (2019).

The objective is then arranged and.prepared before being validated, judged by the experts,
and tested to students who have learned the earth layer and disaster topic before. In this situation,
they are the grade 9-students from 3 classes. The validation of the test consists of a validity and
reliability test using ANATES V4. Consisting with 5 open-ended essay questions, the items are
reliable with.the reliability value (o) = 0.78 and the validity value (r) = 0.63. After being judged
by experts, Problem Solving Skills objective test is deemed suitable and therefore does not change.
Students' Problem-Solving Skills pretest and post-test were then given a score to see the difference

In essay questions as quantitative data.



2.4  Data Analysis

Each correct answer for a question is worth four marks in the objective test. However, an
incorrect answer will be 0 marks. As for Problem Solving Skills, that has four components to be
measured. Every component has different total marks. The most suitable answer is worth four
marks, while a not related answer will obtain 0 marks.

To further investigate how STEM Project-Based Learning has a significant outcome on
student's problem-solving skills, a statistical approach has been used to measure the data derived
from the pretest and post-test of students. The summary of the analysis-results is presented in Table
2. The statistical analyses used in this analysis used the program SPSS version 25.0. The normality
test results are shown in Table 5, on the value of the Problem-Solving skills test, because of the
sig value. (P) is bigger than the value 0.05, a significance value gained is 0.345 for the pretest data
and 0.114 for the post-test data, it can be assumed-that the data are normally distributed.

From the homogeneity test results'shown in Table 6, the STEM literacy pretest and post-
test data have a significance value more significant than the a = 0.05, which is 0.043, so that the
data has a homogeneous variance. A null hypothesis (Ho) is that there is no difference in mean
scores between pretest-and post-test. Meanwhile, an alternative hypothesis (Ha) is a difference in
mean scores between:pretest and post-test. According to the Paired Samples Test output that is
shown in Table 7, the significance value (2-tailed) is 0.000, and it is less than 0.05, as explained
beforehand. Thus, the null hypothesis (Ho) is rejected, and the alternative hypothesis (Ha) is
accepted. The interpretation is that there is a difference between the mean scores of the pretest and
post-test. After that, the N-gain score test is performed by calculating the scores pre-and post-test.
N-gain score gained is 0.73, which in the range of 0.7 < N-gain scores < 1, and the category is a

significant improvement based on the Hake (1998) criteria shown in Table 8.



2.5  Research Procedure

There are three stages in research procedures. The first stage is the preparation stage, which
includes problem identification and educational bodies' problem in the teaching and learning
process. It also decides the investigated exact independent and dependent variables to be in the
research. The researcher needs to reflect on some components that will improve the research's
strength, such as curriculum, learning instruments, and teaching schedules.. After that, the
researcher arranges research instruments and learning tools that will be used. Those instruments
are judged by the experts and do the trial test of an objective testuinstrument to discover the
intruments' quality.

The next stage is the implementation stage by conducting the STEM Project-based
Learning in three meetings, involved of four stages, which are the preparation stage,
implementation stage, presentation stage, and evaluation stage. The learning activity was carried
online due to the COVID-19 pandemigc; which allowed us to conduct the learning activity as usual.
The application use is zoom meeting and Google classroom. The teacher and student will also use
the WhatsApp application as.the communication tool.

Pretest starts the first meeting activity to identify preliminary student skills. On the central
part, the steps of STEM Project-based learning is conducted, started by the preparation stage where
the student has introduced the concept material and problem-related to the scientific phenomenon
around them:to investigate. In the second meeting, there is the implementation stage where
students need to generate the solution by integrating their knowledge in science, technology,
engineering, and mathematics. They have to make the project design and made the prototype on
their home. The presentation stage was also conducted in this second meeting. The selected student
need to present their idea while the other gives feedback. The last meeting is used to conduct the

evaluation stage, where the student and teacher give a score and evaluate the weakness and give



some recommendations for a better future project. The post-test is given at the end of the learning
activity to measure the result of the implementation of STEM Project-based Learning, and the data

gained is analyzed.

3. Results and Discussion

According to Whitten and Graesser (2003), the central aspect that affects problem-solving
skills is promoting students' capability to explain problems and analyze solutions. The learning
activity using STEM Project-Based Learning in this research through four stages is the preparation
stage, implementation stage, presentation stage, and evaluation stage. This stage requires students
to seek and find out the general information and the data related to the problem raised, earthquake.
The teacher provides several questions to increase students' ability to think critically. In this stage,
the problem-solving skills process emphasizes more in fact-finding and problem finding because
this activity let the student identify problem-related to scientific phenomena and the impact on the
environment. The next stage of STEM Project-Based Learning is the implementation stage.
Students have to use their knowledge in Science, Technology, Engineering, and Mathematics to
generate a solution to-the problem. While in this stage, idea-finding and solution finding of the
problem-solving process-in a student is developed. The student is trained to make the prototype
solving problems. In this research is an earthquake-resistant building. In process making, students
will face several problems and use their scientific knowledge to solve them.

From four aspects shown in Table 3, almost all aspects are categorized as a significant
improvement in Hake's Rule based on their normalized gain result. This result represents in
general, student's problem-solving is improved, and STEM Project-Based Learning is effective to
enhance problem-solving skills. It is shown that the idea-finding aspect has the highest normalized

gain in 0.94, represent the improvement of student generating ideas to solve the problem is the



most influence on the student problem-solving process. This result is because STEM Project-Based
Learning trained students to solve daily life problems through doing the project. In comparison,
the fact-finding aspect showed the lowest improvement than others. The normalized gain is 0.62,
although categorized as a medium improvement based on Hake's Rule, this aspect has the smallest
result. However, it can be said that the student problem-solving process has<the positive
enhancement that they can make a connection on cognitive knowledge on STEM Project-Based
Learning activity (Bhakti et al., 2020). All the problem-solving aspects will be described in further
detail.

3.1 Fact-Finding

According to Chang and Weng (2002), the fact-finding.aspect refers to the problem-solving
process requiring students to determine the information available and relevant to the topic.
Students more emphasized investigating the fact that exist in daily life as much as they can using
observation and investigation. Students.also need to understand the consequences to the
environment. The result is measured by the open-ended essay question in a case study on
Indonesia's earthquake and compared to other countries. Students are asked to explain their
perfective due to the-problem offered. The result is shown in Figure 1.

There is an improvement in students' fact-finding aspect after implementing STEM
Project-Based Learning, according to Figure 1. Student result classified as high in the pretest, that
the mean score is 80.4, then it increases by 13.3 points to the mean score of 93.3 in the post-test.
Based on Table 1, the Fact-finding aspect has the lowest improvement. Nonetheless, this aspect
has an N-gain score of 0.63, categorized as a medium improvement based on Hake's Rule.

The study carried out by Nuraziza and Suwarna (2018) revealed that the percentage of the
average score obtained by student's fact-finding is 44.44%, and it is included in the sufficient

category. The students' science problem-solving abilities for the project-based learning model



group (MPBP) were 26.67% highly qualified, 23.33% sufficiently qualified, and 50% less
qualified. The scores of students' science problem-solving abilities for the conventional learning
model group were 10% sufficiently qualified, 40% low-qualified, and 50% very poorly qualified.
The average achievement of each problem-solving component in the project-based learning model
(MPBP) was categorized sufficiently, while the conventional model learning is<in the poor
category. The STEM Based Learning activity was applied in one junior high school in Bandung.
After the implementation, the students can find new facts in the surroundings related to the waste
in their environment.

Throughout the fact-finding aspect, students are inquired to examine their understanding
of the question and identify or mention all the components of information they may think about
(Treffinger & Isaksen, 2005). In this research, students have faced real-life study, and students can
mention the fact, and the information they get in the case discussed, as seen in Figure 2. Students
can already identify the number and variety of facts to the earthquake in Yogyakarta and Suruga.
They can use their prior knowledge to mention that the earthquake victim in Yogyakarta is higher
than in Suruga, even though it has the same earthquake strength in Skala Richter.

It is showed from student answers on the post-test in Figure 2. Their ability to analyze the
scientific phenomenaiincludes Five Ws and H (Who, Why, What, When, Where, and How). They
also need to.make-an effort to find out what happens behind any problem, as a parallel with the
statement that students make a pattern on their efforts in addressing any problem (Heffernan &
Teufel, 2018).

However, student development in this aspect is helped in STEM Project-Based Learning
on the preparation stage. In this stage, students are introduced to earthquakes and other phenomena
related to the earth layer and disaster deeply. A lot of information relevant to the earthquake is

provided through several engaging learning media such as video, animation, and PowerPoint by



the teacher since it is impossible to identify it directly because the learning activity is running
online. The information gained on the preparation stage will be used on the next STEM Project-
based learning stage to generate their creative thinking skill to propose the solution. This evidence
is in line with Cropley (2006) that states fact-finding is the root of creative ideas.

In project making, the fact-finding ability is also trained on the first stage of the earthquake-
resistant building-making process. Students are introduced to one video about the application of
earthquake-resistant buildings in real life. They are forced to find out the various information about
their project before making the prototype by themselves. After the-teacher showed the video,
students are asked some questions about the earthquake-resistant building directly? How is it
works? What is needed to build it? Where is it used? And other related questions. In the learning
meeting, some students can answer it. While the other needs a little time to think to answer it. This
result can be concluded that STEM Project-Based Learning can facilitate student fact-finding
ability to improve because it is not only used for the learning topic but also in the project making
process, so this results in the post-test increase.

3.2  Problem-Finding

The student_problem finding focused on recognizing the number of problems and the
degree of clarity of describing problems (Chang & Weng, 2002). The teacher promotes the chance
of students understanding, investigating, and discovering answers to their problems. Students must
be able to findthe central problem through the text or photo presented by the teacher. Furthermore,
the targeted source can be on the internet, reviews, books, and tests can be used to improve
comprehension. Problem finding value projected idea finding quality, however for another task,
the quality of the problems establish expected both idea finding excellence and novelty.
Nonetheless, several researchers asked participants to develop some potential issues (Arreola &

Reiter-Palmon, 2016).



There is an improvement in students' problem-finding aspect after implementing STEM
Project-Based Learning, according to Figure 3. Student result classified low since it is under the
minimum criteria score in the pretest, which is the mean score is 59.3, then it increases to the mean
score of 92.5 in the post-test. The fact-finding aspect improves in the medium category with an N-
gain score of 0.81, categorized as a significant improvement based on Hake's Rule.-According to
the student, the problem raised is close to their daily life. Then the student hasa clear idea about
the problem and its impact.

Another study has been carried out on undergraduate <students participating in the
Information Technology Program registered in the academic year 2016 for the Strategic Data
Management exam, carried by Netwong (2018). The relation of the learning achievement in
problem-solving of the experiment between pretest and post-test was higher than the pretest at the
point of significance of 0.05 Problem-solving skills after study. STEM education can develop the
problem-solving skills of the students«The learners broke the community into project-dependent
problems in the first phase. The.implementation of the project was to establish novel approaches
by using information technologies across organizational challenges. The student shared his or her
views when carrying-out the study. It can promote a learning culture by practice, work, project,
and work more‘as a team:

The high score of the problem-finding aspect indicates students' ability to find the study
case's main problem in the learning activity. If students already possess these skills, they can
automatically formulate problems resulting from errors in disaster response behavior. To evaluate
student problem-finding, they are given the news of the real cause of Indonesia’s earthquake. They
are required to analyze and mention the problem that may happen because of the earthquake.
According to Figure 4, students can mention their analysis in three aspects of life in detail. Students

can be highlighted by a reformulation of problem statements that contain only the main problem



and finally found the cause. Following Schlegel et al. (2019) statement, STEM learning increases
efficacy in identifying potential causes of problems.

This result can be the cause of STEM Project-based learning to help students identify and
analyze earthquake cases deeply. An alternative to the old-style curriculum, where learning is
usually highly segregated by subject field, is the interdisciplinary STEM Project-Based Learning.
In STEM Project-Based Learning, learning is more intuitive and appropriate fordeveloping a deep
understanding of the definition. Therefore, in real life, the principles individually taught can then
be remembered as valid experiences. This evidence can motivate studentsto study more (Guthrie
et al., 2000).

The student has a high motivation to solve the problem related to the earthquake because
the phenomenon is familiar with their daily life. Some of them already experience it and become
the victims of this disaster. This finding is parallel with Tseng et al. (2013) revealed that STEM
Project-Based Learning could develop-students' learning motivation, create meaningful learning,
help students solve the problem_of daily.life, and support future careers.

The STEM Project-Based Learning trained students to develop their ability in
problem-finding on.the implementation stage. This stage is where the student can build their
project by themselves. There will be many problems to make this project do as it is dreamed of,
the most substantial building during an earthquake. They are faced with two big problems: making
the building comfortable to live in, the beautiful shape, and the material needed to make it. From
several problems in this stage, they concluded that the main problem is choosing the suitable
material to be used in their project. This result shows that students already have the great problem-
finding ability as they can use their knowledge to identify and find the central problem by
integrating their knowledge in science, technology, engineering, and mathematics. As stated by

Lou et al. (2014), PBL-STEM will enable students to systematically integrate the facets of



engineering and technology and gain in-depth knowledge of science and mathematics to improve
students' expertise and experience to apply their knowledge to everyday life.
3.3 ldea-Finding

The amount and diversity of ideas planned by the student using the degree of the student's
creative ideas refer to the idea-finding ability (Chang & Weng, 2002). This stage calls for idea-
producing and idea-development to pursue proposals. The development of. ideas ‘involves
dreaming up preliminary proposals as soon as possible.

According to the pretest and the post-test results in Figure 5;-idea-finding improvement
shows a big difference with 29 points. In the pretest, the mean score is 69.2 and shows that the
idea-finding of students is low. After the application of STEM Project-Based Learning, the post-
test highly increase due to the result shows 98.3. The N-gain score of 0.94 also shows the highest
students' improvement in the Problem Solving Skills aspect based on 1 4.3 and categorized as a
significant improvement in Hake's rule.

Another study carried by-Yuliati.and Ni' mah (2019) in Tulungagung, East Java, found that
after the performance of STEM Project-Based Learning, the experiment class has a higher N-gain
score and categorized'moderate improvement since it is 0.43 bigger than the control class, which
only 0.19 and categorized low. Students in the STEM Project-Based Learning class developed a
science product toresolve a question indicated in the worksheet for the students. Once a group
displayed their concept in front of the community, it only allowed other groups to provide
suggestions, opinions, or critique. Only instructions to elaborate on the result of the stated problem
are included in the worksheet. The different treatments in the two classrooms triggered different
behaviors culminating in the significant enhancement in both courses' problem-solving abilities.

The high score on the post-test shows that students already possess these skills, then

students can find ideas that might be used to solve problems that arise from a lack of readiness to



face earthquakes. The idea revealed is produced because of the deep understanding of the topic's
principle and student creativity. A positive relationship between problem finding and idea finding
outcomes of undergraduates was initiated by Arreola and Reiter-Palmon (2016), but this
correlation was different across diverse problem tasks. The previous result on the problemfinding
gives the good representative, which influences the idea-finding aspect to be greater than others.
In Figure 6, students can propose some possible ideas for the earthquake problem in detail. From
their point of view, these proposed ideas are not only from their point of view but-also adult and
government views in facing these problems. This evidence can be.concluded that STEM Project-
Based Learning can improve student idea-finding ability.

In this research, the STEM Project Based-Learning. trained students to develop their
creativity through the implementation stage to use their knowledge in science, technology,
engineering, and mathematics to solve the problem. It will enable students to have more
responsibility for their learning. This result.is in line with Capraro and Jones (2013) statement that
for building a deep understanding. of the.concept, STEM Project-Based learning also able to meet
the diverse learning needs by.enabling learners with responsibility towards their learning

Students also-focused on increasing their idea-finding related to the earthquake-resistant
building along the project-making process in STEM Project-based Learning. This stage involves
students designing-and assemble the prototype by a hands-on activity. The earthquake-resistant
building should have a strong foundation and the lightest material on its wall. Regarding this
problem, students already propose some possible ideas to be used in their future prototype. All
these ideas are directly presented in a learning activity in azoom meeting, on the presentation stage
of STEM Project-Based Learning. Students can describe their idea clearly. Student ideas on
earthquake-resistant building prototypes can be seen in Figure 7. This student used straw because

it is the lightest material, and shear walls using a yellow straw are used on this design to reinforcing



a building. The student answer is relevant to Bigrenz (2020) that states to resist collapse, buildings
requirement to rearrange the forces that travel through them during a seismic event used, sheer
walls, cross braces, diaphragms, and moment-resisting edges are central to strengthening a
building.

3.4 Solution-Finding

Students are asked to consider their innovative ideas and select the most creative ones
during the solution-finding process. Some studies explore the identification of new ideas in the
past few years (Benedek et al., 2016). This aspect refers to evaluation and-adoption. Approval calls
for determining and implementing the final solution.

Grohman, Wodniecka, and Klusak (2006) led an exploratory analysis of how the self-rating
of primary school students' creativity correlated with.official creativity scores on a visual, verbal,
and science mission. Outcomes revealed students.could distinguish their success through realms
of innovation and across levels of efficiency. In addition to that, their scores were favorably
correlated with the professional imagination scores. Under this Grohman, Wodniecka, and
Klusak's (2006) analysis, the proposals’ creativity was reviewed. However, the innovation
elements can be isolated to examine why some innovation aspects are valued rather than others.
Students are then able.to apply the approach they have discovered by selecting the most innovative
ideas.

There'is a significant improvement in students' solution-finding aspect after implementing
STEM Project-Based Learning, according to Figure 8. The normalized gain is 0.85 and is
categorized as a significant improvement based on Hake's rule. Student result classified medium
since it is slightly above the minimum criteria score in the pretest, which is the mean score is 70.8.
Then it increases to the mean score of 95.8 in the post-test that shows the improvement of the

student's solution-finding ability.



To evaluate student solution-finding, they are given the essay question that forces them to
analyze the most suitable solution. It can be seen in Figure 9, and students are already able to
propose a complex solution from a different perspective. To produce solutions, this method
involves student imagination or divergent thinking abilities, and students can assess the evaluative
abilities of divergent thinking tasks, and that evaluative capacity is correlated with divergent
thinking ability.

Using STEM Project-Based Learning, students are introducing ‘to the presentation and
evaluation stage, where the student can also present their design and-the final project to all the
students and teachers. Students need to mention their project strengths and weaknesses and receive
some advice from other students and teachers to make their project result better in the future. This
learning activity developed student solution-finding..Therefore, when they face another problem,
they are already familiar with the evaluation and developing solution.

Earthquake resistant building-is planned to resist the largest earthquake of a particular
possibility that is expected to happen at their location. This suggests that the loss of life can be
minimized by preventing unusual earthquake buildings' collapse (Bigrentz, 2020). Their project
needs to answer this.challenge. However, along with the project-making process, the students also
faced many problems:in.choosing the right material, the right length, choosing the right glue, and
another problem includes. Because this project is an individual task, they have to solve it by
themselves. If students already possess these skills, they can propose the best solutions to solve
the problems that arise. Students will sense the utility as students consider the relationship between
their expertise and the actual problem. This also improves their (cognitive) and (psychomotor)
abilities. This finding is in line with the statement by Henderson (2005) that the STEM PBL

explains the topic better conceptually. The method of product design enables students through



STEM to position and express their understanding of the concepts. Therefore students with good
understanding and skill have a better chance of solving the difficulties they face.
4. Conclusion

The implementation of STEM Project-Based Learning can develop students' Problem
Solving Skills. The N-gain result suggests a substantial improvement between the pretest and the
post-test treatment can be verified. The Idea-Finding aspect has the greatest improvement, and the
lowest improvement is in the Fact-Finding aspect, although categorized in medium improvement.
This suggests that the problem-solving abilities of students are greatly-enhanced by implementing
STEM Project-Based Learning. It is because STEM Project-Based Learning trained students to
define the problem and analyze the solution using their knowledge in science, technology,
engineering, and mathematics. According to these research results, some recommendations can be
used as potential guides for other research. This is important to allow the student to adjust to the
new treatment and for the instructor to-fully understand the need of the student and what kind of
instructions need to be provided<to the students to apply their best STEM Project-based learning

treatment, thus achieve better data and results.
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Table Lists

Table 1 Experiment design

0

X

O]

Pretest

Treatment

Post-test

Table 2 Summary of Student's Problem Solving Skills Objective Test

Problem Solving Skills

Component Pretest Post-Test
Participant 30 30
x 69 92
SD 8.36 7.19
Highest Score 87 97
Lowest Score 57 67
Normality Test Significance 0.345 0.114
(Shapiro-Wilk) Interpretation Normal Normal
Homogeneity Test Significance 0.043
(Levene's Test) Interpretation Homogenous
Significance 0.00
Paired T-Test (2-tailed) '
Interpretation Significant
Normalized Gain Test N-Gain Score 0.73
Interpretation High

Table 3 N-gain Comparison of Problem.Solving Skills Aspects

Aspects
Components Fact-Finding Problem-Finding Idea-Finding Solution-Finding
Pre-test 80.3 59.2 69.2 70.8
Post-test 93.3 92.5 98.3 95.8
<g> 0.65 0.81 0.94 0.85
Description Medium High High High
Table 4 Participants Distribution
Gender Experiment Class
Number of Students Percentage
Male 13 43.3%
Female 17 56.7%
Total 30 100%
Table 5 Results of normality test on students' Problem-solving skills
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Pre-test 0.211 30 0.116 0.930 30 0.345
Post-test 0.184 30 0.200 0.895 30 0.114




Table 6 Homogeneity test of students' Problem-Solving Skills

Levene Statistics dfl df2 Sig
0.085 1 50 0.043
Table 7 Result of paired t-test sample
Paired Differences
95% Confidence Interval of the
Difference !
Lower t df Sig
Upper
Pair 1 Pretest Posttest -19.247 -12.533 29 0.000
Table 8 Interpretation of Indicator of Problem-Solving Skills
Pretest Post-test N-gain Interpretation
69 92 0.73 High
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Figure 1 Students' Fact-Funding Result

Based on the results of your understanding of the text above, state the cause of
the large number of earthquake victims in Yogyakarta!

The cause of the large number of casualties in Yogyakarta is the lack of awareness
of the surrounding community regarding earthquake preparedness. they did not
develop the latest innovations in dealing with earthquakes.

‘With the same earthguake strength, but the casualties incurred are very
different. Mention the cause of the low number of casualties from the
earthqguake in Suruga!

Japanese citizens have obliged their people to build earthguake-resiztant buildings,
which are buildings that can withstand and protect objects in them from
earthquake shocks. so as 1o minimize casualtiss due 1o the earthguake shock

Figure 2 Student's Answer in Post-test of Fact-Finding Question
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Earthquakes are unpredictable. However, the losses incurred from this disaster

Figure 3 Students' Problem-Finding Result : < ) ';

were enormous, from casualties to material losses. Mention other problems that

can occur in environmental, health, and socio-cultural aspects if disaster

management is not handled immediately! Include your reasons

Environmental aspects: damage to development, loss of biological resources,

damage to residents' homes, damage to ecosystems ‘

Health aspects: when an earthquake occurred, not a few casualties or injuries
needed media assistance, while the nearest hospital and its facilities were also
damaged by the earthquake. so that people find it difficult to get first aid.

Socio-cultural aspects: poverty because people lose material, disruption of the
people's economic system

Figure 4 Student's Answer in Pos Wﬁm-ﬁnding Question
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igure 5 Students' Idea-Finding Result



Based on the discourse in the text above, there is a huge difference
between the earthquake victims in Yogyakarta and Suruga. This occurs
because of differences in disaster preparedness. Give at least three
alternative solutions that can be applied by the community, especially
those in earthquake-prone areas!

1. renovating the house, making the building foundation earthquake
resistant

2. Know the open space outside the home that is safe

3. prepare important items in a first aid bag

4. perform earthquake simulations

5. Have a list of important contacts

Figure 6 Student's Answer in Idea-Finding Question

FigUfe 7 Student earthquake resistant building prototype
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Figure 8 Students' Solution-Finding Result



To cope with the impact of the Yogyakarta earthquake, the Government
issued Regulation of the Minister of Public Works Number: 19/ PRT / M/
2006 concerning Guidelines for the rehabilitation and reconstruction of
houses after the earthquake in the province of D.| Yogyakarta and Central
Java province. In your opinion, what strategy should the government
carry out with regard to earthquake management in addition to issuing
post-disaster regulations?

After the government issues a regulation, the next strategy that the
government should take is to socialize to the people the importance of
awareness of earthquakes and how to overcome them. so that people can
digest and follow the government's advice.

Figure 9 Student's Answer in Solution-Finding Question



