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Abstract

This study explores the effect of STEM (Science, Technology, Engineering, and Mathematics)
learning using the EDP (Engineering Design Process) model on the attitudes of seventh-grade
junior high school students on heat and temperature. This research is quantitative. The method
used in this study is a quasi-experimental study with a one-shot case study design. The sample
is 31 students from class VII-11 Public Junior High School at Samarinda City. Data collection
techniques using a questionnaire technique. The results of the data analysis of the value of R
square, the coefficient of determination is 39,6%, and the significant value in the simple linear
regression test is 0,000. These results indicate that STEM learning with the EDP model affects
student attitudes, so applying STEM to shape students' attitudes towards STEM is essential.

Keywords: Science, Technology, Engineering, and Mathematics (STEM), Engineering
Design Process (EDP) model, Student Response, Student Attitudes.



Introduction

The 21st century is information that
is increasingly easy to obtain and the rapid
development of technology (Muyassarah et
al., 2019). In the development of technology
and science, adjustments are needed in
developing education that can take
advantage of existing technological and
scientific developments, one of which is by
using the approach Science, Technology,
Engineering, Mathematics (STEM)
(Irmawati et al., 2021). Student involvement
during STEM activities was very high,
including STEM topic activities, design
activities, and student relationships with
classmates (Sulaeman et al., 2021). STEM is
one of the most popular approaches because
it has been mentioned recently, with
innovation and design being crucial for
every country (Hernandez et al., 2014;
Giilhan & Sahin, 2016). Integrating the four
disciplines can help students acquire
knowledge and skills of collaboration,
thinking, critical thinking, creativity, and
problem-solving. It will impact students'
argument ability (Hasanah et al., 2022).

The importance of activities in
STEM, so from the beginning, students need
to be directed to build a positive attitude
towards STEM; even in the 2013
curriculum, during the learning process,
students need to have good character
(Suprapto, 2016; Sabillah, 2020). A good
student attitude will support aspects of
student knowledge and skills. The
advancement of knowledge, skills, and
perspectives in the STEM field is significant
for national security, economic growth,
citizens' health, and the nation's stability
(Popa & Ciascai, 2017). With a good
attitude, students will affect their choice of
high school majors, major college choices,
and future career choices (Ball et al., 2017).
Therefore, student attitudes are seen as
necessary in learning to be presented to
students.

Several facts prove that students'
attitudes towards science generally decline
along with the progress of education, which
has changed from time to time (Ugras,
2018). Over the past few years, fewer and
fewer students have been interested in
scientific and technological issues (Osborne

& Dillon, 2008). Research in the United
States shows that with the start of losing
competitiveness in the fields of science,
technology, and engineering, because of this
the United States has led a reform called
STEM education to increase the number of
students and the quality of education in these
fields (Dugger, 2010; Kan & Murat, 2018).
Other research is in developing countries
such as Indonesia, which is included in the
top seven countries with the most STEM
graduates worldwide. Still, the fact that ratio
or comparison with the population in
Indonesia shows that it is not in the top
seven anymore; there are only seven people
who graduated from STEM out of the
10.000 population; this indicates that the
current system must increase STEM
graduates (OECD, 2014; Suwono et al.,
2019). Thus, students' positive attitude
towards STEM science is very important.

Handling and managing emotions
during the learning process is closely related
to attitudes and is essential in providing
good student attitudes (Perdana et al., 2019).
Students with a positive attitude in learning
science are easier to understand because it
positively  impacts  student  learning
outcomes (Hsu et al., 2019). A good attitude
affects the application of STEM in daily
teaching and learning (Wahono & Chang,
2019).

Design is part of the STEM world,
which is knowledge built from various
student characteristics. STEM has one of the
characteristics of the learning process,
namely the Engineering Design Process
(EDP) (Ulum et al., 2021). Learning and
teaching science-based on EDP is a learning
model that can train students better in the
thinking process (Syukri et al.,, 2018).
Regarding the use of EDP in the STEM
learning process in Junior High School,
previous research has been carried out and
resulted that EDP can develop students in
providing solutions and solving a problem,
where this is the result of the students'
thinking process abilities. (Utomo et al.,
2021). The STEM learning given is heat and
temperature material. In this material,
students can be taught science and
engineering practices (Triwulandari et al.,
2021).
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In STEM learning, it is carried out
to increase students' interest in science by
integrating STEM into the learning process,
which is the main thing in the global
education system to ensure the achievement
of learning outcomes for students who excel
in the future (Xu & Lastrapes, 2021). The
growth of a positive attitude toward STEM,
it can increase student interest in science and
professions related to STEM (Razali et al.,
2020). However, in Indonesia, research on
the effect of STEM learning on students'
attitudes about STEM is rarely done.
Therefore, this study aims to analyze
whether or not there is an effect of STEM
learning on students' attitudes about STEM.

Research Method

This quantitative research uses
STEM learning with the EDP model on the
heat and temperature material for four
meetings. The method used in this study is
Quasi-Experimental research and One-Shot
Case Study Design. The sample used in this
study were seventh-grade public Junior High
School students in Samarinda city, totaling
31 students (male = 15, female = 16). The
data collection technique used a closed
questionnaire distributed after being given
treatment to students. The attitude
guestionnaire used was adapted from
Unfried et al. (2015), and the STEM
Learning questionnaire was adopted from
(Astuti Mahayu Ariyawati et al. (2017),
where the statement items of the attitude
questionnaire and STEM learning use a
Likert scale with an attitude questionnaire
consisting of 24 statement items. The data
analysis technique used in the research is
quantitative using statistics (Sugiyono,
2013). Statistical test by performing a
scoring system, normality test, and simple
linear regression test. These response
options used a 5-level Likert scale: strongly
agree, agree, neutral, disagree, and strongly
disagree.

Furthermore, the normality test aims
to determine whether the data obtained in
the study are normally distributed or not.
The data is said to be normal if the
significant value is greater than 0.05, and if
the significant value is less than 0.05, the

data is said to be abnormal. The simple
regression test aims to determine the
relationship between each variable, namely
STEM learning (Variable X), with student
attitudes (Variable Y). If significant (2-
tailed) < a, so Ho is rejected and H;
accepted, and if significant (2-tailed) < a,
then Ho is accepted and Hs is rejected.

Result and Discussion

The results of student attitude data
and student response data on STEM learning
are  students' ability scores  after
implementing STEM learning with the EDP
model in the classroom. The data will be
analyzed to answer the problem formulation.

First, the attitude questionnaire data
were obtained based on the score on the
statement totaling 24 items given to 31
students in grades VII-11. Questionnaire
statements were given to students at the last
meeting after the STEM learning activities
with the EDP model were completed. The
following is a figure of the combined results
of each statement code.

Attitude Regarding STEM

Score

Student Number

Figure 1. Student Attitude Score

The results of the attitude data with
the lowest score obtained by student number
14 with a score of 48, and the highest score
was student number 3 with a score of 87.

Second, the questionnaire data on
student responses to STEM learning was
obtained based on scores on statements
totaling 12 items given to 31 students.
Questionnaire statements were given to
students at the last meeting after the STEM
learning treatment with the EDP model was



completed. The following are the results of
student statement scores on STEM learning.
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Figure 2. Student Response Score on STEM
Learning

Based on Figure 2, it can be seen
that the student data scores after being given
treatment for STEM learning using the EDP
model with the highest score obtained by
student number 3 with a score of 90 and the
lowest score of student number 15 with a
score of 50.

Furthermore, before testing the
hypothesis, a normality test is first
performed on the research data as a
prerequisite for testing the hypothesis. The
hypothesis test used is simple linear
regression.

Table 1. Normality Test Results

One-Sample Kolmogorov-Smirnov Test
Unstandardiz

ed Residual
N 31
Normal Parameters®® Mean .0000000
Std. 8.93994405

Deviation

Most Extreme Absolute .083

Differences Positive .083
Negative  -.078

Test Statistic .083

Asymp. Sig. (2-tailed) .200°4

Based on Table 1, it can be
interpreted that the significance value of (2-
tailed) shows a value of 0,200 by the
conditions for a normal distribution > 0,05.
So, based on the normality test, the students'
attitude data obtained were normally
distributed.

Furthermore, the coefficient of
determination (R?) is carried out to see if

there is a perfect relationship, which is
indicated by changes in the independent and
dependent variables.
Table 2. Coefficient of Determination
Model Summary

ModelR R Adjusted R Std. Error of
Square Square the Estimate
1 .6292.396  .375 7.598

a. Predictors: (Constant), STEM Learning

Based on Table 2 explaining the
magnitude of the correlation value, it can be
seen that the R-value is 0,629; this indicates
a relationship between the x variable and the
y variable. From the output, the coefficient
of determination is obtained (R Square) of
0,396, which implies that the effect of the
independent variable (STEM learning) on
the dependent variable (student attitudes) is
39.6%

Furthermore, measuring student
attitudes and student responses to STEM
learning

Table 3. Simple Linear Regression Results
Coefficients?
Unstandardized Standardized
Coefficients  Coefficients

Model B Std. Beta t  Sig.
Error

1(Constant)16.895 11.639 1.452.157

STEM 662 .152 .629 4.363.000

Learning

a. Dependent Variable: Attitude

Based on the results of a simple
regression test, it is known that the value of
constant (a) is 16.895. In contrast, the value
of STEM learning (b/ regression coefficient)
of 0.662 so that the decision making in the
Simple Regression Test is known that the
significance value of (2-tailed) the result
shows the value that < 0,05 that is 0,000. It
can be concluded that the STEM Learning
variable with the EDP model (X) affects the
Student Attitude variable (Y). This effect
can be seen from the hypothesis test carried
out using the regression test in Table 3, Ho is
rejected, and H: is accepted because the
significance value (2-tailed) obtained is
0,000.




This study's STEM learning with the
EDP model went quite well according to the
Learning Implementation Plan (RPP). The
implementation of STEM learning with the
EDP model goes through several stages. The
first stage is the "define and learn™ stage. At
this stage, students collect information to
determine existing problems, ask questions
and discuss them with their friends. Through
this activity, students become aware of what
issues must be solved later. In the "plan”
stage, students and their groupmates discuss
finding a solution to the problem by
designing a vaccine storage area. Each group
tested their answers in the "test" stage to see
if the vaccine site met the criteria. In the
"decide” stage, each group presents the
results of their project in front of the class.

The data on student number 14 got
the lowest score on attitude data regarding
STEM with a score of 48 because students
get a lower score on the Mathematics code
than on the Science code and Engineering &
Technology code. Thus, students' low
interest in learning mathematics is caused by
the perceived difficulties of these subjects.
In addition, further research suggests that the
main reason for the low interest of students
in learning mathematics is that the principles
are complex and time-consuming to
understand (Bingolbali et al., 2007).

Based on the results of students on
STEM learning with the EDP model, it can
be seen that students are happy and become
active in learning activities in class. The
STEM approach enables students to
understand learning material and solve
problems, especially heat and temperature
material; students also become more
optimistic and motivated when learning
occurs. This is in line with previous
research, which states that STEM learning
can increase student motivation in learning
so that students become more creative and
have better attitude dimensions (Fitriansyah
et al., 2021). STEM learning in the EDP
model can improve student attitudes about
STEM. Research from Tseng et al. (2013)
states that most students are aware of the
importance of STEM in the field of study,
among others, useful for their future careers,
improving life and society, and making the
world a more comfortable and efficient

place. The other research that is relevant to
the results in this study is the research of
Suprapto (2016), which shows a significant
relationship between the dimensions of
attitude towards STEM,; this is an important
factor that influences students' motivation to
study STEM learning and can pursue a
career in the STEM field. Another research
from Ibrahim & Seker (2022) showed that
students' attitudes towards STEM learning
were needed to support the full
implementation of the STEM approach in
schools. Therefore, STEM learning needs to
be explored as much as possible to influence
students' attitudes in pursuing future careers.

Conclusion

Based on the results and discussion,
it was concluded that STEM learning with
the EDP model affected students' attitudes
about STEM with proven results from the
coefficient of determination (R Square) of
0,396, which implies the effect of STEM
learning on student attitudes is 39,6%. A
simple regression test also shows that the
resulting (2-tailed) significance value shows
a value less than 0,05, which is 0,000.
Therefore, it can be concluded that STEM
learning with the EDP model affects student
attitudes. With the application of STEM
learning, the EDP model is expected to be a
reference for schools to apply STEM
learning to other materials to maximize
student learning activities. The
implementation of STEM with the EDP
Model is also expected to be an inspiration
for further research so that it can be
developed and pay more attention to student
attitudes during learning.
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