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Abstract: This study aims to present the teaching and learning activities of Engineering Design
Processes (EDP) to secondary school students. The proposed teaching technique used was blended
learning, which integrated group activities based on online learning and individual hands-on ac-
tivities through independent study at home. The context of COVID-19 medical mask protection
was used in comparison to the current situation. In order to test the effectiveness of the proposed
learning activities, a single-group pretest–posttest design was employed to explore (a) the students’
perceptions of their problem-solving confidence before and after they underwent the proposed
learning technique and (b) students’ perceptions of the designed course. After they had finished
the 4 weeks of learning activities, the students were asked to complete the Students’ Perception on
Problem-Solving Skill Questionnaire (SPPSS) and the Students’ Perception towards the Proposed
Blended Engineering Design Process learning activities Questionnaire (SPBEDP) in order to gauge
how confident they felt in their ability to solve problems and how they felt about the proposed
course. There were 30 seventh-grade students enrolled in this course. An increase in the level of
problem-solving confidence was found in the students after they were subjected to the proposed
activities. Moreover, the students mentioned that, based on the proposed activities, “Identify Problem
and Need”, “Design a Solution”, and “Developing Prototype” are the Engineering Design Process
learning steps they enjoyed most since they were the steps in which they could use their creativity,
and they were hands-on, fun, easy, challenging, and provided them with an opportunity to choose
issues in which they are interested.

Keywords: engineering design process; blended learning; COVID-19; online learning

1. Introduction

The COVID-19 pandemic caused by the SARS-CoV-2 virus has changed the situation
of learning worldwide. The classroom environment changed from traditional teaching
and learning processes where students experience face-to-face educational interactions to
online learning and teaching. Different methods [1–5] have been implemented to continue
the education process in numerous countries worldwide. Online learning has become a
widespread and growing phenomenon, encouraging the institutional use of information
and communication technologies (ICT). The challenging question raised during this difficult
period concerns the format of online teaching strategies that could enable a good standard
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of education. One strategy used in this online teaching era is blended learning, also known
as “hybrid learning”. Blended learning is an educational approach that combines online
educational materials and opportunities for interaction online with physical place-based
classroom methods. The benefits of a blended classroom are that they enable educators
to link online and in-class activities, allowing them to draw upon the strengths of each, a
variety of different mediums and resources can be utilized for learning, and resources can
be created or recorded once and used multiple times across various classes.

Therefore, we here share our experiences on how the Engineering Design Processes
course was designed and conducted in the form of blended learning for our group of
secondary school students. In order to test the efficiency of our proposed teaching technique,
a single-group pretest–posttest design was also conducted to explore (a) the students’
perceptions of their problem-solving confidence and (b) the students’ perceptions of the
designed course. We expected that our experiences might guide other educators who are
transitioning their face-to-face engineering design process courses to remote learning in
the future. In the next section, the Blended Engineering Design Process Course Design is
proposed. This section is followed by an introduction to the research methodology. Lastly,
the teaching outcomes are evaluated, and the findings of the study are discussed.

2. The Engineering Design Process (EDP)

The engineering design process (EDP) has had major influence on the world of edu-
cation as a teaching method and teaching activity. Adams, R. S., Turns, J. and Atman, C.
J. (2003) [6] illustrated that educating effective engineering designers is the role or step to
reflecting on practice. EDP is the step that emphasizes problem-solving and encourages
students to learn and develop their cognitive structure in engineering design [7,8]. NRC
(2004, 1996) [9,10]; Quinn, Schweingruber, and Keller (2011) [11] added that EDP is the
policy required for enhanced engineering design to solve real-world problems. This was
likewise extended to K-12 education standards for technology education, science education,
curricula, and educational research [12,13]. Moreover, EDP was useful for structuring the
stages of design, construction, and redesign processes [14].

As demonstrated in previous studies [15–19], EDP has been integrated with other
teaching approaches and skills, such as science, technology, engineering, and mathemat-
ics (STEM), project-based learning (PjBL), problem-based learning (PBL), inquiry-based
learning, blended learning, critical thinking skills, creativity skills, problem-solving skills,
and metacognition skills. Many research studies mentioned that many teachers using EDP
and STEM enter into the subject area from different educational backgrounds and contexts.
Estapa and Tank (2017) [20] found that the nature of EDP enables connections between all
STEM disciplines to be explicitly identified. According to Hafiz, Nor and Ayop, Shahrul
Kadri (2019) [21], the result of a systematic review of EDP in STEM within the school
context in 37 selected articles found that the implementation of EDP in STEM education
showed positive, measurable effectiveness in 71% of the studies. In addition, Lammi, M.,
Denson, C. and Asunda, P. (2018) [22] searched and reviewed the literature related to EDP
in secondary schools and found that STEM is important to related curricula with EDP.
Furthermore, this study suggests that teachers or educators should focus on developing
EDP so that secondary school students can understand the EDP process before entering
college by promoting the engineering habits of the mind, and it should be authentic to the
learner and to the field of engineering, be open-ended, include modeling, and encourage
continuous optimization.

Even though EDP is prominent in STEM education, a dearth of research relating to EDP
in secondary-level environments has resulted in other pedagogical practices independent of
the literature base [23]. Additionally, Dixon and Johnson (2012) [24] mentioned that various
researchers considered combining the engineering design concept with blended learning
in the learning module to develop the problem-solving skills of the learners. Including
this, the other needs are to design and investigate the result’s Engineering Design Process
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learning activities integrated with blended learning in the context of the COVID-19 medical
mask protection topic for secondary school students.

3. A Blended Engineering Design Process Course Design

Blended learning is an educational approach that combines different types of learning
strategies [25]. This approach refers to the combination of online (e-learning) and face-
to-face learning. Students will learn on their own, and teachers will support them as
facilitators in and outside the classroom and provide one-on-one sessions for those who
need extra guidance.

This is because the COVID-19 situation has prevented students from participating in
face-to-face working groups. Therefore, as a teacher, we thus transformed the face-to-face
group project into a project that students can perform as an individual project at home.
Moreover, to avoid the constraints of insufficient classroom time for the Engineering Design
Process. Self-study class activities were added to the course so that students could learn
on their own outside of the online classroom at home. Therefore, the course was designed
and proposed as a blended learning strategy that integrated group-activity-based online
learning and individual hands-on activities through independent study at home.

Learning Activity

The engineering design process presented in this work consists of seven learning
steps: STEP 1—Identify Problem and Need; STEP 2—Determine Possible Solutions; STEP
3—Design a Solution; STEP 4—Drawing Presentation; STEP 5—Developing Prototype;
STEP 6—Testing and Evaluating; and STEP 7—Final Product Presentation. STEP 4 contains
the presentation of a prototype drawing, which was added to the traditional process to
provide students with the opportunity to express their thoughts to the class. In addition,
experts also were invited to participate in the class discussion both in STEP 4 and STEP 7.
This is to provide the students with the opportunity to receive feedback from the experts
and improve the designs before producing a prototype and further developing it in the
future, respectively.

During teaching, Google Classroom was used as a platform to connect the teacher
and students outside of the class, wherein the teacher provides various materials, and
the students use the platform to submit assignments; also included are announcements
regarding the pre-class activities that students must study and perform before attending
in each class and other learning materials that will be used in in-class activities, such
as worksheets.

The Zoom application is used as a learning platform to create online classrooms. STEP
1, 2, 4, and 7 of the Engineering Design Process activities are taught in an online classroom,
totaling four lessons at 1.5 h each (90 min), and STEP 3, 5, and 6, which are Design a
Solution, Developing Prototype, and Testing and Evaluating Prototype are self-study
sessions, where the students spend their free time outside of class to study independently
at home (see also Figure 1).

By the end of each online class, the students would complete a formative assessment
via a Google form to review what they have learned and describe the homework assigned
by the teacher before leaving the class. Teachers would check the students’ answers after
the students gradually submitted the formative assessments. If the teacher found that
any student had questions or was unable to answer what the day’s assignment was, the
teacher would use this information from the formative assessment to provide feedback to
the students in real time. The Figure 1 below shows the flow chart learning process of the
proposed blended learning activities. Additionally, the details of each teaching step are as
follows (see Table 1).
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Figure 1. Diagram of course designed for the proposed Blended Engineering Design Process learning
activities.

Table 1. Proposed Blended Engineering Design Process learning activities.

Day 1 STEP 1—Identify Problem and Need

In-class: Main Room

Engagement

The activity “COVID-19 medical mask protection” is introduced. The students are surveyed to explore
their information on basic knowledge of the “COVID-19 epidemic and the way to protect themselves

from the virus”. Then, the problem issue according to the “design of medical mask protection for
COVID-19” is raised to the students. The question “Could the medical masks that we use really prevent
us from COVID-19?” is proposed for discussion. Students then watch the YouTube video “Why your
masks may not be as protective as you think !!!” and voluntarily express their opinions to the class.

Main Activity

The teacher introduces the students to the “COVID-19 Medical Mask Protection Activity” by framing
the issues that the students need to solve and explaining the activity process, including the conditions
and constraints of the activity. By using roleplay techniques, the student is supposed to act as though
they are part of an organization’s research and development team. The task for the students is to design

and create a new version of medical mask protection or equipment that could solve customers’
problems by following the Engineering Design Process. The concept of the Engineering Design Process
and its action in each step for basic knowledge preparation is briefed to the students. Then, the student
individually thinks by him/herself according to the issue he/she encounters about using the medical

mask for COVID-19 protection and writes down his/her problems or questions in a worksheet.

In-class: Breakout Room

Then, the students are randomly separated into Breakout rooms in groups of 10 each.
In the Breakout Room, each student is assigned and rotated to

(i) Share his/her problems and needs regarding the current form/design of medical masks (Developed
skill = Emphasize).

(ii) Listen to the problems and needs of the friends sharing and writes down those problems and needs,
including their frequencies, on his/her worksheet (Developed skill = Data collection).

Moreover, the students could also interview their friends for the additional information they need
(Developed skill = Emphasize). Additionally, they write down the problems of the group on his/her

worksheet (Developed skill = Data collection). Meanwhile, the teacher observes and engages with the
students’ discussions in each group.

In-class: Main Room

After that, all of the students came back to the Main classroom again. In the Main classroom, the
teacher provided the tip of “How to select the problem to solve” to the students and reminded the

students about the task, conditions, and constraints of the activity.
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Table 1. Cont.

Closing session

Then, an out-class assignment is assigned to the students. They have to individually analyze the
problems and needs they have discussed in the Breakout room and then

select the problem in which he/she is interested (Developed skill = Define problem). The selected problem,
including the reasons, needs to be submitted to the teacher via Google classroom after completion

(Developed skills = Define problem, Reasoning).

Used learning materials Online quiz, Video, Student worksheet Activity #1

Formative assessment All students conduct posttest by answering questions in a Google form at the end of the class (as an exit
ticket) before leaving the classroom.

Day 2 STEP 2—Determine Possible Solutions

In class: Main room

Engagement

The “Find the Wolf” activity is introduced to the class by asking the students to find the wolf by
guessing a puzzle showing each part of the creature that is partially similar to a wolf, and the question,
“Is this a wolf?”, is asked. If it is not a wolf, what do the students think this picture is?. After the activity,
the teacher and students together summarize the concept of the activity “Find the Wolf” to connect it to

flexibility of thinking, which is one dimension of creativity. Then, the second activity of “Brick” is
introduced. The teacher shows the picture of a “Brick” and then asks the students to brainstorm “What

can you do with this Brick?”. The students voluntarily express their opinions on the class.
For this activity, “What can you do with Brick?”, the teacher explains that it is a problem that students

can use to practice his/her own creative skills. Moreover, the creative skill is a skill that can be
practiced and developed. The teacher exemplifies innovations such as LifeStraw and Plaxtil, which are
the results of human creativity to the class, and emphasizes that good problems can drive innovation.
This is to let the students consider the importance of defining problematic issues that could be linked to

creative thinking in formulating solutions to a problem.

Activity

The teacher explains the process of defining possible solutions for the class. It consists of two main
sub-processes: searching for more information, i.e., gathering relevant information and ideas, and

deciding on a solution to the problem. In addition, techniques of how to find more information and the
methods for selecting a solution to the problem are also explained.

Self-study

The students disperse to search for information before selecting a solution and deciding on a solution
for 60 min. During searching, the students take note of relevant concepts and the details they find
through the search, note on the concept of various possible troubleshooting methods, including

methods for solving problems, and the students make choices and provide reasons in the assigned
worksheet (Developed skills = Analyze relevant information, Generate possible solution, Decision making).

STEP 3—Design a Solution

In class: Main room

Closing session

After 60 min, all students return to the Main classroom. The teacher then gives an example. In the case
of a designer, if the students were a designer set to design a set of evening dresses, what are the things

that the students would need to consider? (Expected answers are: shape, size, materials used, color,
proportion, key properties, usage restrictions on use, budget, time of work).

Then, the teacher asks the students to “design a 2D draft” of the mask prototype to prevent the spread
of COVID-19 according to the proposed problem in the worksheet. The details that students must

specify in the worksheet to explain the details of the prototype include the following:
The shape aspects consist of

(i) 2D drawing with dimensions and proportions;
(ii) The material used, with a description of the reasons why the material with this

characteristic/feature was chosen;
(iii) Scientific, mathematical, and technological principles used for design.

The properties aspects consist of the following:
(i) The main characteristics of the workpiece;

(ii) Nature of use;
(iii) Restrictions on use (if any).

The cost aspects consist of the following:
(i) Budget used;

(ii) Estimated time to build the item.

Used learning materials: (i) Student worksheet Activity #2;
(ii) Student worksheet Activity #3.

Formative assessment All students undertake posttest by answering questions in a Google form at the end of the class (as an
exit ticket) before leaving the classroom.
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Table 1. Cont.

Day 3 STEP 3—Design a Solution

Self-study

Activity
The students proceed to design a draft of a work piece, which is a transformation of a conceptual model

into a 2D model by drawing (Developed skills = Problem solving, Creative Thinking).
After completing the design, the students send the draft to the teacher for review via Google classroom.

Used learning materials: Student worksheet Activity #3

Formative assessment -

Day 4 STEP 4—Drawing Presentation (Communication I)

In class: Main room

Engagement The students are divided into two equal groups (one teacher per sub-class). Then, the class flow is
explained by the teacher.

In-class: Breakout Room

Activity

In a breakout room, each student presents a drawing of his/her prototype. The teacher and their
classmates ask the presenter questions about the rationale and the scientific and mathematical

principles behind the design, or comments and also provide suggestions for improvements (Developed
skills = Reasoning, Communication).

At this step, the teacher also invites external experts to attend and participate in the presentation forum
to discuss and provide suggestions for the students’ improvements. After receiving feedback, the

students can modify the draft of the prototype and send the modified version to the teacher at any time.
The reasons for modifying the prototype also need to be included.

In class: Main room

Closing session

The teacher then explains the direction of the next class to the students, in which they have to develop
his/her own prototype during out-class self-study hours after he/she had finished his/her own

drawing. The teacher also briefly describes the process of testing the prototype that students have to
independently perform after they have finished creating the prototype. Moreover, the details that the

students must specify in the student worksheet in order to explain the details of the prototype of a
mask to prevent the spread of COVID-19 are emphasized. The details that need to be included in the

student worksheet are as follows:
The shape aspects consist of the following:

(i) 2D drawing with dimensions and proportions;
(ii) The used material, with a description of the reasons why the materials with these

characteristics/features were chosen;
(iii) Scientific, mathematical, and technological principles used for design.

The properties aspects consist of the following:
(i) The main characteristics of the prototype;

(ii) Nature of use;
(iii) Restrictions on use (if any).

The cost aspects consist of the following:
(i) Used budget;

(ii) The amount of time it takes to create.
In addition, the details of prototype testing and students’ self-assessment are described. The details that

are needed to be included in the student worksheet are;
The details of the prototype testing aspect consist of the following:

(i) Testing method;
(ii) Testing results.

The self-assessment of the prototype, i.e., the testing results aspect consists of the following:
(i) The number of times to modify the prototype;

(ii) Obstacles and problems encountered;
(iii) Troubleshooting of the problem;

(iv) Rate your own prototype with reasons.

Used learning materials Student worksheet Activity #4

Formative assessment
(i) Students’ presentation and discussion performance;

(ii) All students conduct posttest by answering questions in a Google form at the end of the class (as an
exit ticket) before leaving the classroom.

Day 5 STEP 5—Developing Prototype

Self-study

Activity

The students create a prototype, which includes the transformation of the idea from 2D modeling to 3D
modeling (Developed skill = Creative Thinking). Note that, in the cases where the actual material used for

assembly/forming is not available at home, the students can use simulated materials to model it instead.
Picture(s) of the prototype is submitted to the teacher via Google classroom when finished (see also Figure 2).
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Table 1. Cont.

Used learning materials: Student worksheet Activity #4

Formative assessment -

Day 6 STEP 6—Testing and Evaluating

Self-study

Activity

The student tests and evaluates his/her prototype. It could be either an Efficiency Test or User
Satisfaction Test. The users might be either their parents or their peers (Developed skills = Gathering Data,
Measurement). The prototype testing results also are recorded in the worksheet and submitted to the
teacher for review via Google classroom. Due to the limitation of class time, the students were thus
asked to record a video clip (3–5 min) to present his/her prototype based on the points set by the
teacher, i.e., its features, characteristics, testing results, and reflection, and submit it for review via

Google classroom.

Used learning materials: Student worksheet Activity #4

Formative assessment (i) Student worksheet Activity #4;
(ii) Prototype clip presentation.

Day 7 STEP 7—Final Solution Presentation and Reflection (COMMUNICATION II)

In class: Main room

Activity
A student volunteered to show his/her video clip of his/her presentations to classmates. (Developed
skills = Communication, Reasoning, Creativity). The teacher and peers either ask questions or provide

comments for the future improvement of the presenter’s prototype.

Closing section

Finally, the teacher and students in the class together revise the engineering design process and
summarize the activities in the engineering design sequence. Then, students review and assess their

own past work plans in accordance with the engineering design process and reflect on their
work processes.

Used learning materials: Students’ Prototype video Clip

Formative assessment (i) Student worksheet Activity #5;
(ii) Students’ Prototype video Clip.

Figure 2. Examples of students’ prototypes for COVID-19 mask protection.

The following are examples of students’ prototypes:

4. Methodology

In order to test the efficiency of this proposed teaching technique, this research was
conducted to examine (a) the student’s perception of their confidence in their problem-
solving skills after they underwent the proposed Blended Engineering Design Process
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learning activities and (b) the students’ perception on the designed course for answering
research questions as the following:

1. What is the student’s perception of their confidence in their problem-solving skills after
they underwent the proposed Blended Engineering Design Process learning activities?

2. Do the proposed Blended Engineering Design Process learning activities enhance
students’ perceptions of their confidence in their problem-solving skills?

3. What are the students’ perceptions of the designed course of Blended Engineering
Design Process learning activities?

4.1. Research Design

A single-group pretest–posttest design was employed (see Figure 3). The pretest
and posttest of the students’ perception of their confidence in their problem-solving skills
were administered before and after the proposed activities to investigate the students’
problem-solving skills. Furthermore, an open-ended questionnaire was administered
after the last lesson to investigate the students’ perception toward the proposed activities.
The study was conducted after approval by the research ethics committee of Mahidol
University, Thailand.

Figure 3. Single group pretest–posttest design.

4.2. Participants

The participants were chosen based on a convenience sampling method. Since this
study involved all seventh-grade students who were taking a computing science class, no
sample size calculation was conducted, and they had never experienced the Engineering
Design Process before (n = 30).

Table 2 shows the results of two well-known tests for normality [26], namely the
Kolmogorov–Smirnov Test and the Shapiro–Wilk Test. The Shapiro–Wilk test is more
appropriate for small sample sizes (<50 samples). Subsequently, this study used the
Shapiro–Wilk test. The pre-test was normally distributed (Sig. = 0.729). The post-test was
normally distributed (Sig. = 0.132). Therefore, the data are normal.

Table 2. Tests of normality.

Kolmogorov–Smirnov Shapiro–Wilk

Statistic df Sig. Statistic df Sig.

Pre-test 0.099 30 0.200 * 0.977 30 0.729
Post-test 0.122 30 0.200 * 0.946 30 0.132

* means statistically significant.

4.3. Research Instruments

Students’ Perception on Problem-Solving Skill Questionnaire (SPPSS) and Students
Perception towards the Proposed Blended Engineering Design Process learning activities
Questionnaire (SPBEDP) were used in this study. The details of the research instruments
used to answer the research questions are shown in Table 3.

The Students’ Perception on Problem-Solving Skill Questionnaire (SPPSS) was used to
investigate the students’ perceptions of their problem-solving confidence before and after
they underwent the proposed Blended Engineering Design Process activities. The question-
naire SPPSS was modified from the Personal Problem-Solving Inventory (PSI) [27], which
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is a 32-question questionnaire comprising questions of three main constructions: problem-
solving confidence, 11 items; approaching style, 16 items; and personal control, 5 items.
Since we focus on the construction of the problem-solving abilities of the participants in
this study, therefore, the SPPSS herein is an 11-question questionnaire in the construction
of problem-solving confidence (the reliability α = 0.85), adopted from the PSI. It contains
parallel items in the form of behavior rating scales. The five behavior rating scales are Very
Much Like Me, Mostly Like Me, Somewhat Like Me, Not Much Like Me, and Not Like
Me at All, respectively (See Appendix A: Table A1). Moreover, the student’s perception
of the Proposed Blended Engineering Design Process learning activities Questionnaire
(SPBEDP) was also used to investigate the student’s perception of the Proposed Blended
Engineering Design Process activities. It is a seven-item questionnaire consisting of two
close-end questions and five opened-ended questions developed by the teacher and then
content-validated by experts.

Table 3. Research instruments.

Research Questions Instruments

1. What is the students’ perception on their confidence in
problem-solving skill after they had learned with the proposed

Blended Engineering Design Process learning activities?
2. Do the proposed Blended Engineering Design Process
learning activities enhance students’ perception on their

confidence in problem-solving skills?

Students’ Perception on Problem-Solving Skill
Questionnaire (SPPSS)

3. What is the students’ perception on the designed course of
Blended Engineering Design Process learning activities?

Students Perception towards the Proposed Blended Engineering
Design Process learning activities Questionnaire (SPBEDP)

The questions used in the SPBEDP are the following: based on these proposed activities:

• Which learning STEP in engineering design process you most liked? (closed-end)
• Why do you like this learning STEP the most? (open-ended)
• Which learning STEP in engineering design process you least liked? (closed-end)
• Why do you like this learning STEP the least? (open-ended)
• If it could be improved, what learning STEP/process you would like to add to or

remove from the activities? (open-ended)
• If yes, why you would like to add/remove the STEP? (open-ended)
• What is the knowledge or skills that you have gained from the activities? (open-ended)

4.4. Data Collection

The instruction in this course is a blended learning method implemented over a total
of 7 days consisting of four days of online classrooms and three days of self-study. Online
classroom lessons were on Day 1, Day 2, Day 4, and Day 7, wherein the learners will
learn and practice “STEP 1: Identify Problem and Need”, “STEP 2: Determine Possible
Solutions”, “STEP 4: Drawing Presentation”, and “STEP 7: Final Product Presentation”
of the engineering design process. While the self-study home lessons are on Day 3, Day
5, and Day 6, wherein the learners will learn and practice “STEP 3: Design a solution”,
“STEP 5: Developing Prototype”, and “STEP 6: Testing and Evaluating Prototype”. On
the first day (Day 1) of the lesson, the participants were briefed about the objective of the
lesson. Following that, the pretest of SPPSS was conducted for 10 min. At the end of each
online lesson, the students would complete a formative assessment as an exit ticket to
verify their understanding and review the homework assigned by the teacher. After the
last lesson (Day 7) was finished, the participants were made to attend the posttest of SPPSS
for 10 min. The pretest and posttest of SPPSS were compared to the same set of students at
different time periods. Then, they were asked to respond to the SPBEDP, which lasted for
another 5 min.
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4.5. Data Analysis

In order to analyze the data, the mean and standard deviation of each item were deter-
mined, as reflected in the result section. An open-ended item included in the questionnaire
was analyzed by reviewing the views or any elements of their feelings expressed, and the
repeated ideas or views were grouped together.

5. Results
5.1. Students’ Perception on Their Problem-Solving Confidence

Table 4 shows the scores of Students’ Perception of his/her confidence in their problem-
solving skills before and after they underwent the proposed activity. It was found that the
mean level of confidence in solving problems before participating in the activity was 3.142
(S.D. = 0.384), and after participating in the activity, it was = 3.391 (S.D. = 0.464). The scores
of students’ perception of his/her confidence in problem-solving skill was also significant
at p < 0.001. This means that the proposed activities could increase students’ confidence in
problem-solving (see also Figure 4).

Table 4. Scores of students’ perception on his/her problem-solving confidence (SPPSS) t-test and
effect size for samples.

Pre-Activity Post-Activity
t p

Mean S.D. Mean S.D.

Level of problem-solving confidence 3.142 0.384 3.391 0.464 −3.525 0.001
effect size t tests

(Cohen’s d) 0.65

Figure 4. Problem-solving confidence level of students before and after participating in the activities.

Figure 5 provides the settings and input parameters used to select the G*Power for
this analysis [28] (the sample size of the pre and post-test n = 30). To support the results
and conclusions, this study analyzed the effect size, which was estimated from the value
of Cohen’s d and the effect-size t-test. This is a one-tailed test because it has a directional



Educ. Sci. 2023, 13, 159 11 of 18

hypothesis (the activity in the lesson plan will increase the steps): setting α and power to
0.05. From the results, the positive impact of participation in the Process Learning Activities
for Secondary School Students during the COVID-19 Epidemic can be concluded: Students’
Learning Activities and Perception was of medium magnitude (Cohen’s d = 0.65). The
samples test requires a total sample size of twenty-seven.

Figure 5. G*Power settings, inputs, and outputs for samples.

5.2. Students’ Perception on the Designed Course

In this regard, when asking the students which learning STEP of the engineering
design process they most liked, and which learning STEP they least liked, we found that the
top three learning steps the students most liked were STEP 3: Designing a solution (29.17%);
STEP 1: Identify Problem and Need (29.17%); and STEP: 5 Developing Prototype (20.83%),
respectively. On the other hand, the top three steps the students least liked are STEP 6:
Testing and evaluating the solution (20.83%); STEP 7: Final product presentation (20.83%);
and STEP 4: Drawing Presentation (16.67%), respectively (see Figure 6 and Table 5).
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Figure 6. Comparison chart between most liked percentage and least liked percentage for each step
of the EDP activity in the designed course.

Table 5. Students’ perception on each step of EDP activity in the design course.

STEP Most Like (%) Least Like (%) Gap
(%Most Like—% Least Like)

STEP 1: Identify Problem and Need 29.17 16.67 12.50
STEP 2: Determine possible solutions 0.00 0.00 0.00

STEP 3: Designing a solution 29.17 12.50 16.67
STEP 4: Drawing Presentation 4.17 16.67 −12.50
STEP 5: Developing Prototype 20.83 12.50 8.33

STEP 6: Testing and evaluating the solution 4.17 20.83 −16.66
STEP 7: Final product presentation 12.50 20.83 −8.33

The students provided reasons as to why they most liked the teaching and learning
process in STEP 3, 1, and 5 because it was a step in which they used their creativity (STEP 3),
hands-on (STEP 1, 5), fun (STEP 3, 5), easy (STEP 1), challenging (STEP 5), and having an
opportunity to choose issues in which they are interested (STEP 1). However, there are
still some students who least liked these steps because they considered them to be difficult
(STEP 5), required a lot of analysis (STEP 1, 3), and some students said that they were not
good at drawing (STEP 3).

Examples of students’ responses are as follows:

“identified the issues of my own interest”;

“identified the issues based on what I have found”;

“used creativity”;

“because it’s quite fun to invent”;

“practicing and I could see that it wasn’t as easy as I thought at first”.

The reasons why they least liked learning in STEP 6, 7, and 4 are they did not like the
presentation (STEP 4, 7). Moreover, the invention must be tested on the target group. In
this process, they will receive feedback to improve their work. This process makes them
feel discouraged and bored (STEP 6).

Examples of students’ responses are as follows:
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“I don’t really want to present because I’m worried that I’ll say something wrong during
the presentation.”;

“because there are so many corrections that sometimes I don’t want to continue doing it”.

In addition, we also found that STEP 2: Determine possible solutions, is the step that
none of the students said was their favorite step nor their least favorite step. Therefore,
we think that the process at this stage in which information is sought before making a
decision may be a skill that students normally practice and, therefore, do not consider to be
anything special.

However, when asked about the issue of which learning process should be reduced
or added, all of the students responded in the same way: “There is no activity part to
be reduced”.

Moreover, when asked about what they have learned in relation to the knowledge
or skills where they have improved due to performing the activities, the areas where
the students developed due to the activities in descending order were problem-solving
skills (46.40%), designing and product developing skills (25.00%), creativity (10.70%),
presentation skills (10.70), including practicing responsibility (3.60%), and listening skills
(3.60%), respectively (see Figure 7).

Figure 7. Students’ perception on skills they developed after participating in the proposed activities.

Examples of students’ responses are as follows:

“have thought about being more assertive in presenting (When presenting, I’m not
confident because I feel that there are many experts. I’m afraid to do something wrong
and I’m afraid to be disappointed. So, I choose not to present)”;

“develop presentation skills, searching for information, and selection of equipment”;

“have developed a problem-solving mindset and practiced responsibility”;

“has developed an observation of the problem of wearing a mass, practice solving problems,
whether it’s the main problem or the problem that you encounter during the process”.

Based on the above information, it can be seen that what the students liked the most
was the ability to practice, think, and create the work by themselves. While some students
still disliked testing, evaluating, and presenting the work. This might be due to the lack of
opportunities for the students to practice these kinds of skills.

Therefore, the guidelines for the development of learners based on this study is that
teachers should encourage the learners more in terms of (i) grit, i.e., relentlessness in the
face of obstacles. This is one of the skills necessary for 21st-century learners, providing
students with the opportunity to create a piece of work, test, listen to user opinions, and
receive feedback to improve and revise. (ii) Presentation of the work they have developed.
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This will allow students to have the opportunity to present ideas, express their opinions
and receive comments from experts, leading to the further development of their work and
greater self-confidence.

6. Discussion and Conclusions

In this study, we investigated (a) the students’ perceptions of their problem-solving
confidence skills after they underwent the proposed Blended Engineering Design Process
learning activities and (b) the students’ perceptions of the designed course.

The presented engineering design process activities in this work consisted of seven
learning steps: STEP 1—Identify Problem and Need; STEP 2—Determine Possible Solu-
tions; STEP 3—Design a Solution; STEP 4—Drawing Presentation; STEP 5—Developing
Prototype; STEP 6—Testing and Evaluating; and STEP 7—Final Product Presentation.

The blended teaching process that was integrated between the group activities based
on online learning and individual hands-on activities through independent study at home
was used to teach students about the engineering design process by working on the topic of
COVID-19 medical mask protection. STEP 1, 2, 4, and 7 of the Engineering Design Process
activities are taught in an online classroom, and STEP 3, 5, and 6, which are the steps Design
a solution, Developing Prototype, and Testing and Evaluating Prototype are self-study
sessions, where students spend their free time outside of class studying independently
at home.

The efficiency of this proposed teaching technique was tested using two question-
naires: Students’ Perception on Problem-Solving Skill Questionnaire (SPPSS) and Students
Perception towards the Proposed Blended Engineering Design Process learning activities
Questionnaire (SPBEDP) to answer the research questions.

We found statistically significant difference between the means of the posttest (M = 3.391;
SD = 0.464) and the pretest (M = 3.142; SD = 0.384) at p ≤ 0.001, indicating enhanced student
confidence related to problem-solving due to the proposed Blended Engineering Design
Process Learning Activities.

Similar claims of increased student problem-solving have also been reported in the
literature [29–33]. Syukri M. et al. (2018) [30] integrated an engineering design process
(asking, imagining, planning, creating, and improving) into an electrical and magnetism
module for secondary school students in Aceh, Indonesia, and found that the physics teach-
ing and learning module, which integrated the five steps of the engineering design process,
was more effective when compared to the use of the existing original module in increasing
the students’ skills in solving physics problems. Fan, S.-C. and K.-C. Yu (2017) [31] devel-
oped a STEM engineering module that emphasized the application of integrative STEM
understandings and higher-order thinking skills to the high school students in Taiwan.
Their steps of the engineering design process used in the study were: (1) identify the prob-
lems, constraints, and limitations; (2) develop possible solutions; (3) perform a predictive
analysis and model the prototypes; (4) test and modify the best prototype; (5) evaluate
the final design; and (6) redesign and optimize. The STEM engineering design teaching
module was aligned with engineering design processes and supplemented with integrative
STEM knowledge via the use of virtual computer simulations and physical models. They
found that their STEM engineering design teaching module not only increased student
understanding of the mechanism concepts but also focused on promoting students’ abilities
to use scientific and mathematics knowledge to predict, analyze, and solve engineering
problems. The results showed that students in the STEM engineering teaching module
outperformed their counterparts in conceptual knowledge and understanding. The largest
difference between the experimental group and the control group mean scores related to the
problem of predictive and analytical skills. The experimental group students demonstrated
a significant advancement in their problem prediction and analysis subtest mean scores,
whereas the control group students—who were studied using traditional technology educa-
tional approaches—showed little or no improvement in the subtest scores for the problems
of prediction and analysis. Li, Y. et al. (2016) [32] integrated engineering design-based
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science activity into STEM Education using Lego bricks for fourth-grade students and
found that the students’ increased problem-solving abilities in the experimental group were
significantly improved, and the males made more significant progress in problem-solving
ability than the females in the experimental group. Similar to the experiment of Li, Y.
et al. [32], Vela, K. et al. (2019) [33] also developed a STEM project-based camp that incor-
porated the engineering design process (EDP) and investigated an individual’s confidence
in their ability to implement the engineering design process between male and female
students. The study also indicated that males were more confident in their ability to design
and build innovative products than females. These results underscore the importance of
identifying ways to increase female students’ confidence in their ability to think, design
and create innovative products.

Our results also show that in our work the EDP that students liked most, the third
highest’s EDP step are STEP 1: Identify Problem and Need; STEP 3: Design a Solution;
and STEP 5: Developing Prototype. This is because it is hands-on, fun, easy, challenging,
and the students can also use their creativity and have the opportunity to choose issues in
which they are interested.

Similar claims are also supported by the work of Fan, S.-C. and K.-C. Yu (2017) [31]
that the problems of definition, prediction, and analysis are the most important compo-
nents of engineering design for high school students. These are the processes that could
enhance the higher-order thinking skills of the students. Therefore, teachers should focus
on helping students become aware of these abilities during activities, and more specific in-
structional strategies and practices which focus on teaching problem definition, prediction,
and analysis should be emphasized.

Our research also found that in addition to problem-solving skills (46.40%), which are
the skills that learners had developed by learning with the Engineering Design Process;
other skills such as designing and product developing skills (25.00%), creativity (10.70%),
presentation skills (10.70), including practicing responsibility (3.60%), and listening skills
(3.60%) were also developed in our work.

These issues are similar to the claims of Zhou, N. et al. (2016) [34], in which not only
the understanding of the engineering design processes but the hands-on engineering design
activities have also shown the potential to promote middle school students’ self-efficacy and
critical thinking skills [29] while providing explanations, making associations, questioning
information, giving justifications, solving problems, thinking creatively [35,36], making
generalizations, attempting to convince others [37], and self-management [38,39], which
are considered to be 21st century skills.

For the Blended Engineering Design Process learning activities for secondary school
students, we found that students were able to allocate their learning time and encountered
no barriers in executing creative projects using resources both inside and outside of the
classroom. Hence, Blended Learning is a flexible learning model that combines creative
advances and technology of online learning with interactions. It is one of the best ways to
deal with the need for “learning anywhere, learning anytime, learning everything, learning
flexibly, learning openly and learning for the whole life”, which is currently an inevitable
trendy [40].

Limitation and Implementation of This Study

Furthermore, the EDP approach still has limitations when integrated with content
at the school level, particularly in interdisciplinary knowledge and situations such as the
COVID-19 epidemic. Moreover, EDP is a new learning approach, and there are still some
obstacles to implementing it [41]. Hence, the implementation of the EDP used in this
content is needed.
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Appendix A

Please answer each question/statement as honestly as possible.

Table A1. Perception level of confidence in problem solving.

Items
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1. I am usually able to think up creative and effective
alternatives to solve a problem.

2. I have the ability to solve most problems even though
initially no solutions immediately apparent.

3. Many problems I face are too complex for me to solve.

4. I make decisions and am happy with them later.

5. When I make plans to solve a problem, I am almost
certain that I can make them work

6. Given enough time and effort, I believe I can solve most
problems that confront me.

7. When faced with a novel situation I have confidence that
I can handle problems that may arise.

8. I trust my ability to solve new and difficult problems.

9. After making a decision, the outcome I expected usually
matches the actual outcome.

10. When confronted with a problem, I am unsure of
whether I can handle the situation.

11. When I become aware of a problem, one of the first
things I do is to try to find out exactly what the problem is.
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