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Abstract

Purpose – This study aims to examine the perceptions of students about learning science and physics using
the engineering design process (EDP).
Design/methodology/approach – The study employed a mixed-methods research design: The quantitative
session features a pre–post-test control group study. In the qualitative aspect, the study conducted
semistructured interviews for data collection. In the experimental group, the flipped classroom (FC) model and
an instructional design are combined to design, develop and implement a physics course using the steps of the
EDP, while the conventional method was applied to the control group. The respondents are students of the
Department of Mechanical Engineering at Cao Thang Technical College in Vietnam for the academic year 2022–
2023. The control and experimental groups are composed of 80 students each. An independent sample Mann–
Whitney U test is applied to the quantitative data, while thematic analysis is employed for the qualitative data.
Findings –The results demonstrate a statistically significant difference between the experimental and control
groups in terms of perceptions about learning science and physics using the EDP, which, when combined with
a FC, enhances physics learning for engineering students.
Research limitations/implications – This study implemented the EDP in teaching physics to first-year
engineering students in the Department of Mechanical Engineering using the combined FC and instructional
design models. The results revealed that a difference exists in the perception of the students in terms of
integrating the EDP into learning physics between the experimental and control groups. The experimental
group, which underwent the EDP, obtained better results than did the control group, which used the
conventional method. The results demonstrated that the EDP encouraged the students to explore and learn
new content knowledge by selecting the appropriate solution to the problem. The EDP also helped them
integrate new knowledge and engineering skills into mechanical engineering. This research also introduced a
new perspective on physics teaching and learning using the EDP for engineering college students.
Practical implications – The research findings are important for teaching and learning physics using EDP
in the context of engineering education. Thus, educators can integrate the teaching and learning of physics into
the EDP to motivate and engage student learning.
Originality/value – Using the EDP combined with a FC designed under stages of the analyze, design,
develop, implement and evaluate (ADDIE) model has enhanced the learning of physics for engineering college
students.
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Introduction
In any engineering course, engineering sciences are based onmathematics and basic sciences.
In general, engineering courses require physics knowledge as the basis of science. The
majority of engineering courses begin with a foundation unit in physics. In these courses,
students learn the fundamental science that forms the foundations of specific engineering
disciplines and the application of the acquired skills and physics knowledge to real-world
technical problems. However, many students claim that physical laws are less related to their
actual experiences in the world of engineering. As a result, they become disengaged from the
learning process. Thus, achieving the intended learning objectives becomes difficult in terms
of motivation and academic achievement due to the lack of interest in physics courses among
students. Therefore, facilitating engineering students in finding meaningful learning
activities in physics courses is crucial. To enhance their physics learning activities, the
study proposes the use of the engineering design process (EDP) (National Research Council
[NRC], 2012). The EDP is a series of steps that engineering students can follow, from defining
a problem to testing and validating a proposed solution. Out of these steps, one helps students
identify potential solutions on the basis of physical laws, concepts and principles. Thus, using
the EDP to teach physics lessons to engineering students is possible. Numerous studies are
being conducted on themethods for applying the EDP in developing their competencies using
problem-based learning or project methods in the K–12 curriculum. However, less research is
conducted on using the EDP to teach science physics to first-year engineering students in
college. Hence, finding teaching and learning approaches for engineering students to render
physics content relevant and useful to them is the major concern of this study.

The EDP requires students to learn by action, and they should adopt deep learningmodels
such as scientific inquiry and engineering design. This approach also requires students to
apply basic science and mathematics to solve an engineering problem related to a real-world
problem (NRC, 2012). The EDP consists of several steps; from the perspective of the study,
class time is insufficient for accomplishing these steps. Thus, to implement the EDP
effectively, teaching and learning approaches need to be reorganized. By conducting a
literature review on science education, we find that the flipped classroom (FC) model requires
students to acquire knowledge prior to class by watching instructional videos and
completing learning tasks. We propose that applying the EDP using the FC model combined
with instructional design to teach physics to engineering students may effectively enhance
student learning in physics courses. This study aims to design, develop and implement the
EDP based on the FC to teach physics courses to engineering students.

Literature review
Problem-solving is considered to be a central activity of engineering practice (McNeill et al.,
2016). The research on science education indicates that learning is promoted when learners
are involved in solving real-world problems. Moreover, learning is activated when learners
independently construct new knowledge based on prior knowledge and skills. Importantly,
new knowledge is integrated into the learner’s world (Merrill, 2002). Thus, to implement the
EDP effectively, the course needs to be designed carefully.

The EDP is composed of a series of steps, including defining a problem that addresses a
need, identifying criteria and constraints, constructing science principles, investigating
potential solutions, designing and building a proposed solution, testing the proposed solution
and collecting data and evaluating the proposed solution compared with the criteria and
constraints (NRC, 2012). Thus, the goal of the EDP is to solve real-world problems with
engineer-designed activities (Putra et al., 2021). In addition, the EDP motivates students to
apply critical thinking when designing a product (Yu et al., 2020). The EDP facilitates
communication and collaboration among students (Hoeg and Bencze, 2017). Using the EDP
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also provides students with opportunities for communicating with peers to construct a better
solution based on concepts in physics (Putra et al., 2021). Once students are involved in the
EDP, they endeavor to exchange ideas at the stage of planning a solution, trying their design,
testing and deciding on a design (Giri and Paily, 2020).

In this study, we use the analyze, design, develop, implement and evaluate (ADDIE) to
approach the EDP through the FC model. The ADDIE consists of five stages, including
analysis, design, development, implementation and evaluation (Branch, 2009). In the analysis
stage, the teacher should analyze contextual learning, the learning needs of students,
engineering problem solving, learning program, learning outcomes and course content. While
analyzing learning needs, the teacher should include the profiles of students. In the design
stage, the teacher clearly states the learning outcomes to students, plans assessment strategies
and elaborates on learning activities. For the development stage, the teacher elaborates on the
learning materials, including the learning scenario and guidelines for the cycle of the EDP.
Regarding the implementation of the course, dynamic interactive learning is promoted, such as
teacher–student, student–content and peer interactions. These types of interactions directly
influence learner engagement and achievement. During the EDP, collaboration is key to
identifying solutions to complex learning problems (Sulaeman et al., 2021). Lastly, in the
evaluation stage, the teacher compares between the academic achievement to the goal and
learning outcome of students. At this stage, course assessment is conducted to evaluate the
perception of the students of the effectiveness of the course in the learning process.

To help students analyze a problem-situation, identify and define the problem, find solutions
and select and implement the best solution to the problem, students need more time to work in
collaboration in the community of learning. Regarding this aspect, the FC approach can be used.
The FCmodel is composed of three stages (Kong, 2015). The first is pre-class activities in which
students are required to exert effort to study declarative knowledge by watching an
instructional video and completing learning tasks on their own before coming to class. During
class, the teacher reserves more time for students to practice their problem-solving skills by
connecting the learned knowledge to determine a potential solution and design, build and test a
product. The last stage pertains to post-class activities in which students are tasked to link the
activities during class time to solve a complex problem independently. This study designs the
FC model by combining the EDP (NRC, 2012) and the ADDIE model (Branch, 2009). Teaching
physics using EDP is established based on NRC (2012; see Table 1).

At the analysis stage, we analyze the learning needs of the students to determine the
desired learning outcomes, assessment plans and learning activities (Table 1). In relation to
the design stage, assessment strategies and learning activities are planned according to the
FCmodel. The learningmaterial is designed for students to learn outside of class based on the
oriented questions and the defined problem. For the development stage, learning materials
and assessment plans are fitted together into a module of learning. Moreover, learning
activities are elaborated to promote the FC format. With regard to the implementation stage,
teacher–student, student–content and student–student interactions were effectuated in the
steps of identifying, building and testing the proposed solution. Evaluation occurred during
the three phases in class, namely, pre-, in- and post-class.

Research question

RQ1. Is there a significant difference between the experimental and control groups
regarding their “perception of physics learning outcomes using the EDP combined
with the FC model and the stages of the ADDIE model?

RQ2. How do students perceive their learning outcomes in physics using EDP?

Physics course
for engineering

students



Research method
Sample
The population of this study is all first-year mechanical engineering students at Cao Thang
Technical College in Ho Chi Minh, Vietnam, including five classes. Out of the five classes, two
are randomly selected and randomly assigned to the treatment or control group.

ADDIE
model Steps in the EDP Flipped classroom model

Analyze Identifying a problem that addresses a
need that reflects the criteria for success
and constraints

Pre-class
– The teacher analyzes the contextual

learning, goal and learning outcomes,
assessment plan, teaching and learning
activities, content knowledge and learning
materials to determine the problem that
addresses a need that reflects the criteria
and constraints

Design and
develop

Constructing relevant knowledge and
science principles

Pre-class
– Students identify scientific principles that

can be related to potential solutions
– The teacher provides students with the

learning situation, relevant questions and
instructional videos to support them in
building new knowledge based on previous
knowledge and skills

– The teacher provides students with
multiple-choice questions to help students
check for acquiring knowledge after
watching the video

Investigating potential solutions to the
problem

In-class
– Students brainstorm design ideas and

investigate solutions to the problem based
on the acquired knowledge

Implement Designing and constructing a proposed
solution

In-class
– Students design the proposed solution
– Students construct the proposed solution

using tools and appropriate materials
Testing the proposed solution and
collecting data

In-class
– Students test the proposed solution and

collect data
Evaluate Evaluating the proposed solution in

terms of performance
In-class
– The teacher evaluates the product using the

constraints and criteria for success
– Students self-assess the use of acquired

knowledge to design and construct a
proposed solution

Identifying potential improvement in the
design

– Students redesign the solution based on the
results and observations or build and test
another design

Post-class
– Students reinforce classroom activities in

class and complete the learning task
requirements for the next class session

Source(s): Author’s research

Table 1.
Using EDP combined
instructional design
and flipped classroom
models for teaching
physics to engineering
students
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Research design
The study uses a mixed-method design. First, it applied a quasi-experimental design (pre–
post-test control group). Both groups are exposed to the same content except for the
intervention method. In the control group, students were taught using the conventional
method, while the EDP was applied to the experimental group. The independent variables
were two types of instructional approaches, namely, EDP and conventional method. The
dependent variable was the perception of the students of their ability to apply the learned
physics knowledge to solve the engineering problem. In the experimental research design,
each group received pre- and post-tests to measure the dependent variable before and after
the intervention. Second, to elucidate the perception of the students about learning physics
using the EDP, the study conducted a semi-interviewwith the experimental group, whichwas
classified into eight subgroups. One student was randomly selected from each subgroup. The
selected students are coded S1–S8.

Instrument
Based on NRC (2012), we developed a questionnaire on the perceptions of students about
physics learning activities using the EDP as a tool for assessing the problem-solving steps of
the respondents. Their perceptions of learning activities were measured using a five-point
Likert scale ranging from 15 Strongly disagree to 55 Strongly agree. Table 2 presents the
questionnaire elaborated under steps of the EDP.

Validity of the instrument. This study used content validity to validate the questionnaire
items for the pre- and post-intervention design (Chiwaridzo et al., 2017). Two physics teachers
and two engineering teachers reviewed the items, which were modified according to their
feedback.

Principles of design Items Students’ perception of learning physics using the EDP

Identifying and defining the problem IDP1 Defining engineering problems and addressing the need are
meaningful

IDP2 Engineering problem motivates students to practice science
and engineering based on the criteria and constraints

IDP3 Engineering problem facilitates the learning of physics
knowledge

Building knowledge from contextual
learning

BK1 Students learn new knowledge related to contextual
mechanical engineering

BK2 Students learn new knowledge for designing solutions to
engineering problems

BK3 Knowledge is built to develop and improve solutions to
problems with reference to the constraints and criteria of a
product

Applying physics and mechanical
engineering to solve problems

AP1 Students obtain the opportunity to design a product based
on physics knowledge

AP2 Students obtain a basic science physics and engineering
problem design that exists in their future career in
mechanical engineering

AP3 Students apply physics knowledge and principles of
engineering to problem solving

Integrating knowledge IK1 Knowledge is integrated into the real-life situations
IK2 Knowledge is connected to solve the engineering problem
IK3 Students transfer new knowledge to the world of

engineering

Source(s): Author’s research

Table 2.
Principles of

instructional design for
using engineering

design process to teach
the physics to

engineering student

Physics course
for engineering

students



Reliability of the instrument.The study used Cronbach’s alpha test to determine the reliability
of the instrument by conducting a pilot study on 50 first-year engineering students who were
not part of the sample. After data analysis, we found that the Cronbach’s alpha coefficient of
the variables IDP, BK, AP and IK are 0.70, 0.72, 0.75 and 0.81, respectively. Therefore, we
conclude that the instrument is suitable for the study.

Designing and developing the experimental procedure
Analyzing the context of learning. The author examined the learning outcomes, student
profiles, learning need of students, contextual learning, engineering problem-solving, content
knowledge and assessment strategy. The author also states a product related to the science
and engineering practice (Table 3).

Designing and developing the teaching procedure. First, the instructional videos are
designed, developed and elaborated according to the principle of flipped learning. Specifically,
the learning scenario is explained in detail, including contextual and objective learning, the
learning outcome and the problem that the studentsmust solve. The diagnostic assessment is
elaborated to evaluate the prior knowledge and skills of the students. Second, they are given
learning tasks with the support of the basic theoretical knowledge related to engineering
problem-solving. The instructional videos and learning scenarios are uploaded to a learning
management system (Table 4).

Implementing the lesson plan. Students in the experimental and control groups were
divided into eight subgroups composed of 10 students each. Flipped learning was used in the
experimental group, while the traditional method was used in the control group. Table 5 lists
the sequence of the lessons.

Data collection
Quantitative data collection. Prior to the intervention study, data were collected using the
questionnaire to examine the learning activities of the students in the physics course and to
identify the impact of the uses of the EDP in teaching physics to engineering students.

Qualitative data collection. As described in the Research design section, the experimental
group was divided into eight subgroups and one student was randomly selected from each

Aspects of analysis EDP steps Contents

Teaching and
learning topic

Energy topic

Level of instruction First-year college students mechanical engineering
attending a physics course

Learning needs of
students

Students use the EDP to learn science physics

Engineering
problem-solving

Define a problem that
addresses a need

Designing a machine that lifts objects from the ground up

Learning outcomes – Applying the law of conservation of energy
– Applying the engineering problem-solving method

Content knowledge Motion, Force, work of force, power, kinetic energy, work-
energy theorem, potential energy and conservation of
mechanical energy

Assessment
strategy

– Diagnostic
– Formative
– Summative

Source(s): Author’s research

Table 3.
Analysis step of
the EDP
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subgroup (S1–S8). After the intervention study, the study conducted semistructured
interviewswith these students to determine their perception of the uses of the EDP in learning
physics using the FCmodel. This study employed the concept of saturation in the qualitative
research to gather data from interviews according to the study objective (Saunders
et al., 2018).

Data processing
Quantitative data processing. Data were collected before and after the application of the EDP
to teaching science physics with the combined FC and instructional designmodels. Datawere
analyzed using SPSS 22. The study used an independent sample Mann–Whitney U test for
data analysis due to their non-normal distribution. To identify whether or not significant
differences exist between the experimental and control groups in terms of their perception of
learning science physics using the EDP, we test a null hypothesis (H0) and an alternative
hypothesis (H1) as follows:

H0. No significant differences exist in the two teaching approaches between the
experimental and control groups.

H1. Significant differences exist in the two teaching approaches between the
experimental and control groups.

Aspect of design and development EDP steps Contents

Designing problem-solving
scenarios

Children in urban areas need an
educational toolkit to discover the sciences,
especially the field of engineering (e.g. a lift
electric model). The participants play the
role of engineering students and design an
electric model of an elevator for these
children

Building the criteria and
constraints of the product

Determining the problem
using the criteria and
constraints

Designing an electric elevator that carries
objects weighing 5 kg from the ground
floor to a height of 1 m using wood, metal,
plastic and a speed reducer motor with a
dimension of 100 3 25 3 20 cm and a
power supply of 12 V

Designing questions for
determining solutions to the
problem

Providing a set of questions for seeking
solutions to the problem such as sources of
information related to motion, force, work
of force, power, energy and the law of
conservation of energy. In addition, the
teacher also presents students with the
engineering problem-solving process

Designing the learning material
that helps students select an
appropriate solution to the problem

Designing a guideline for engineering
design methodology for students to select
an appropriate solution to the problem that
meets the criteria and constraints

Formulating questions that help
students build the protocol for the
solution

Designing a guideline for students in
building a protocol

Designing an assessment tool for
validating the protocol

Designing an assessment tool for
validating the protocol for the solution

Source(s): Author’s research

Table 4.
Design and

development of the
steps of the EDP

Physics course
for engineering

students
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Qualitative data processing. When the researcher intends to understand the viewpoint of
interviewees about new topics across a dataset, such as audio data, thematic analysis is used
(Braun and Clarke, 2006). Two approaches can be used for thematic analysis, namely,
inductive and deductive. This study employed the deductive approach because it aims to
understand the opinions of the students based on the EDP during the learning process with
some of the themes we expect to find in our collected data. Kiger and Varpio (2020) mentioned
that thematic analysis is composed of six steps. First, the author transcribes audio data and
immerses in them by reading and checking transcriptions several times. In step 2, the author
performs a coding process using the inductive or deductive approach. The third step involves
reviewing codes that are categorized into themes. In step 4, the author connects the themes to
consider the coherence of these themes. In step 5, the author defines and names these themes.
The final step involves writing up the final analysis and description of findings.

Results
Quantitative results session
The data collected in the pre-test were statistically analyzed. Table 6 presents the results.

The study recruited 160 students (experimental group: 80; control group: 80). To
determine their perception of learning physics using EDP and to meet the assumption that
both groups were equivalent, they were requested to complete the questionnaire on teaching
physics using the EDP before the intervention study. Table 6 indicates that the experimental
and control groups obtained mean ranks between 72.50 and 85.03 and between 68.50 and
83.93, respectively. The results indicate that the mean rank of the experimental group is

Steps of learning
strategies Items Group N

Mean
rank

Sum of
ranks

Mann–
Whitney U

test Z

Sig.
(Two-
tailed)

Identifying and
defining the
problem

IDP1 Experimental 80 72.50 6620.00 3020.3000 �0.818 0.413
Control 80 68.50 6260.00

IDP2 Experimental 80 77.08 6166.00 2926.000 �1.177 0.239
Control 80 83.93 6714.00

IDP3 Experimental 80 79.63 6370.50 3130.500 �0.310 0.757
Control 80 81.37 6509.50

Building knowledge
from contextual
learning

BK1 Experimental 80 81.01 6481.00 3159.000 �0.169 0.866
Control 80 79.99 6399.00

BK2 Experimental 80 82.66 6612.50 3027.500 �0.950 0.342
Control 80 78.34 6267.50

BK3 Experimental 80 77.75 6220.00 2980.000 �1.308 0.191
Control 80 83.25 6660.00

Applying physics
and mechanical
engineering to
problem solving

AP1 Experimental 80 81.51 6521.00 3119.000 �0.332 0.740
Control 80 79.49 6359.00

AP2 Experimental 80 85.03 6802.50 2837.000 �1.371 0.170
Control 80 75.97 6077.50

AP3 Experimental 80 83.26 6661.00 2979.000 �0.825 0.409
Control 80 77.74 6219.00

Integrating
knowledge

IK1 Experimental 80 80.03 6402.00 3162.000 �0.221 0.825
Control 80 80.98 6478.00

IK2 Experimental 80 78.10 6248.00 3008.000 �0.757 0.449
Control 80 82.90 6632.00

IK3 Experimental 80 83.84 6707.50 2932.500 �1.171 0.242
Control 80 77.16 6172.50

Source(s): Author’s calculations

Table 6.
Mean score of the pre-
test of both groups
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higher than that of the control group. However, to determine if a statistically significant
difference exists between the two groups, we need to examine the statistical test. All p-values
are >0.05 at the 95% confidence interval (95% CI) with Mann–Whitney U- and Z-values
(Table 6); thus, H0 is supported. In other words, prior to the intervention study, the
experimental and control groups displayed the same achievement level in physics.

After teaching both groups, they were asked to complete the same questionnaire again.
Table 7 depicts that the experimental and control groups obtainedmean ranks between 87.33
and 107.42 and between 53.58 and 73.68, respectively. In summary, the mean rank of the
experimental group was higher than that of the control group.

To verify whether or not a statistically significant difference exists between the two
groups, the study examines the results using the Mann–WhitneyU test. Table 7 presents the
test and U statistics and the p-values of 0.05. First, we find that the p-values for the
identification and definition of the problem (IDP1, IDP2 and IDP3) are <0.05, which supports
H1. Second, the p-values for building knowledge through contextual learning (BK1, BK2 and
BK3) are <0.05, which confirms that contextual learning plays an important role in
connecting physics concepts to field of engineering. Third, the p-values for applying physics
and mechanical engineering to problem solving (AP1, AP2 and AP3) are <0.05, which
suggests that the EDP is effective for the practice of physics and engineering. Finally, the
p-values for the integration of knowledge (IK1, IK2 and IK3) are <0.05, which confirms H1
that the EDP facilitates the integration of physics concepts into real-life situations and into
the field of engineering. We reject the null hypothesis and conclude that a significant
difference exists between the two teaching approaches of the experimental and control

Steps of learning
strategies Items Group N

Mean
rank

Sum of
ranks

Mann–
Whitney U

test Z

Sig.
(Two-
tailed)

Identifying and
defining the problem

IDP1 Experimental 80 101.28 8102.50 1537.500 �6.371 0.000
Control 80 59.72 4777.50

IDP2 Experimental 80 94.74 7579.00 2061.000 �4.539 0.000
Control 80 66.26 5301.00

IDP3 Experimental 80 87.33 6986.00 2654.000 �2.406 0.016
Control 80 73.68 5894.00

Building knowledge
from contextual
learning

BK1 Experimental 80 91.00 7280.00 2360.000 �4.296 0.000
Control 80 70.00 5600.00

BK2 Experimental 80 94.27 7541.50 2098.000 �4.488 0.000
Control 80 66.73 5338.50

BK3 Experimental 80 97.95 7836.00 1804.000 �5.873 0.000
Control 80 63.05 5044.00

Applying physics
and mechanical
engineering to
problem-solving

AP1 Experimental 80 93.68 7494.00 2146.000 �4.460 0.000
Control 80 67.33 5386.00

AP2 Experimental 80 95.26 7620.50 2019.500 �4.463 0.000
Control 80 65.74 5259.50

AP3 Experimental 80 92.42 7393.50 2246.500 �3.769 0.000
Control 80 68.58 5486.50

Integrating
knowledge

IK1 Experimental 80 90.79 7263.00 2377.000 �3.208 0.001
Control 80 70.21 5617.00

IK2 Experimental 80 105.71 8457.00 1183.000 �7.783 0.000
Control 80 55.29 4423.00

IK3 Experimental 80 107.42 8593.50 1046.500 �8.348 0.000
Control 80 53.58 4286.50

Source(s): Author’s calculations

Table 7.
Mean score of the post-

test of both groups

Physics course
for engineering

students



groups because all p-values are <0.05. In other words, the problem-solving skills of the
students in the experimental group (EDP) were higher than those of the control group
(conventional method). In summary, the use of EDP in science teaching and learning
improved the problem-solving skills of the experimental group, especially their ability to
solve physical and engineering problems in terms of the topic of energy. The discussion
section elucidates the effectiveness of learning physical science using the EDP.

Qualitative results session

RQ2. What is the perception of the students about using the EDP to teach physics to
engineering students?

Table 8 presents the coding of the students’ opinions obtained from the interviews according
to the results of thematic analysis. Data were analyzed and presented under two categories.
The first was classified as the positive effects of the use of the EDP to teach physical science
to engineering students and the second category contained the negative effects of EDP. The
qualitative data revealed that learning physical science through the EDP exposed a few
positive and negative characteristics. Regarding the contextual learning themes, six students
mentioned that the engineering problem made the learning experience more relevant and
meaningful and provided them with the opportunity to connect physics concepts to
engineering problem-solving. They also expressed that the knowledge and skills they gained
through the EDP are relevant to the intended profession. However, two students stated that
they spent a lot of time discovering the problem or identifying the need for change or
improvement to an existing solution. In terms of finding and selecting a technical solution,
seven students who commented that learning physics concepts by formulating solutions to
problems is an interesting method for learning physics; it encouraged them to motivate and
engage in the learning process. Nevertheless, only one student mentioned that building new
knowledge through the use of the EDP is difficult because the student was not used to
learning in a manner that constructs physics concepts to solve technical problems. Moreover,
five students stated that integrating physics concepts into mechanical engineering helped
them recognize the significance of physical science in relation to mechanical engineering,
while three students pointed out that they needmore time to analyze and identify the problem
to be solved.

In general, students perceived that learning physical science through the EDP is
meaningful for mechanical engineering. Using the EDP to teach physical science is one of the
methods for increasing intrinsic learning motivation for engineering students, which leads to
academic success.

Discussion
Teaching science physics using the EDP combined with the FC model was likely to promote
the effectiveness of learning in the physics course for engineering college students. The EDP
is a crucial strategy for engineering students in exploring and learning new knowledge to
identify solutions to engineering problems. Moreover, using the EDP to teach first-year
physics also increased student motivation and engagement by integrating physics concepts
into the context of engineering design. In our opinion, learning physics concepts using the
EDP is an effective approach for connecting physics science to engineering. To facilitate the
effectiveness of the exploration and construction of physics concepts, defining the problem
and the need to create a product based on the criteria and constraints of the product are a
means for instilling the desire to learn in students. Moreover, based on the acquired physics
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concepts and engineering design, students investigated and selected the best solution,
improved and built the proposed solution, and tested the operation of the product on the basis
of its criteria and constraints. Thus, learning the physical sciences using the EDP enhances
the ability of engineering students to solve real-world problems. Furthermore, using the EDP
to learn the physical sciences is useful for studying physics in the context of mechanical
engineering, because it helps them integrate physics concepts into the field of engineering.
In addition, the EDP requires students to become proactive in the learning process, such that
they no longer need to absorb information from only the teacher. In other words, using the
EDP improved the academic performance of students. Indeed, after the intervention study,
the experimental group obtained better results than did the control group (Table 7).

This study elucidated the use of the EDP combined with the FC model, which was
designed under the stages of the ADDIEmodel. Before the class, the experimental group was
given contextual learning and engineering problem solving; they then identified and defined
the problem that addresses the learning needs and determined the criteria as well as
constraints of a successful solution. When the criteria for success and constraints are
examined in advance, the practice session can be devoted to exploring and learning new
knowledge to determine the potential solutions to the problem. From the perspective of the
study, when teaching and learning physics in the context of the EDP, identifying and defining
the problem and establishing the criteria for the technical solution or product are important
aspects, such that students develop the concepts or principles of physics. These criteria help
students engage in crosscutting concepts and disciplinary core ideas, as defined by the NRC
(2012). During class, the teacher spends less time teaching the concepts to the students;
therefore, themajority of the class time can be spent on finding solutions to the problem based
on the concepts, criteria and constraints. Moreover, the prototype can be built and improved,
the proposed solution can be implemented and tested and the product of the project can be
communicated. In the post-class phase, the students reviewed and improved the learning task
during class and prepared learning tasks for the next lesson.

Using the EDP to teach physics to engineering students is an effective strategy for
motivating and inspiring students to practice science and engineering. Science teaching and
learning is necessary for acquiring the fundamental skills in engineering for the future
careers of students. Linking the learned knowledge using the traditional method for teaching
physics courses is difficult, because scientific teaching and learning differ from contextual
learning. In contrast, using the EDP to teach physics helps students use science to solve
engineering problems. The finding is consistent with that of Brand (2020) who emphasized
the importance of science and engineering practice. The authormentioned that using the EDP
to learn science enables students to build essential skills. This teaching method provides
students with an opportunity for developing an understanding of engineering as a discipline
and as a potential career path.Moreover, the finding alignswith that of the NRC (2012), that is,
the objective of using the EDP is to reinforce science and engineering practice. Moreover,
according to the NRC, the EDP is limited to K–12; thus, the current study implemented the
EDP on first-year engineering students. The study provides a significant contribution toward
the improvement of the teaching of physical science to engineering students using the EDP.

The qualitative data revealed that the majority of the students stated that using the EDP
encouraged them to learn physical science, but a few students met difficulties when learning
physics concepts through the EDP. The students who commented on the negative aspects of
EDP stated that they spent a considerable amount of time searching for information and
finding solutions to the problem. Thus, they lacked sufficient time for establishing the
relationship between physics concepts and mechanical engineering. To eliminate this
problem, creating digital learning materials then uploading them to a learning management
system is necessary to help them reduce the time spent searching for information related to
solutions.

Physics course
for engineering

students



Conclusion
This study implemented the EDP in teaching physics to first-year engineering students in
the Department ofMechanical Engineering using the combined FC and instructional design
models. The results revealed that a difference exists in the perception of the students in
terms of integrating the EDP into learning physics between the experimental and control
groups. The experimental group, who underwent the EDP, obtained better results than did
the control group, which used the conventional method. The results demonstrated that the
EDP encouraged the students to explore and learn new content knowledge by selecting the
appropriate solution to the problem. The EDP also helped them integrate new knowledge
and engineering skills into mechanical engineering. This research also introduced a new
perspective on physics teaching and learning using the EDP to engineering college
students.

Research implication
Teaching science physics using the EDP to engineering college students exerted a positive
effect on the engineering problem-solving skills of the students. This teaching and learning
strategy improved academic performance and helped them connect physics concepts to
engineering. The findings are important for physics teaching and learning using the EDP in
the context of engineering education. Thus, educators can integrate physics teaching and
learning into the EDP to motivate and engage students in learning. However, the study was
limited to a single product on the topic of energy. Therefore, future studies could use more
learning products and examine the application of the results across topics. Second,
assessment strategies, tools and technical assessments of the EDP need to be implemented.
Finally, this study is limited by its sample size, such that the findings can be considered
generalizable only if the results are obtained from a larger sample size.
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