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: STEM education has been advocated internationally, and this

interdisciplinary teaching has recently been addressed by
the K-12 Taiwan Science Education Curriculum Guideline.
Nevertheless, the integration of science, technology,
engineering, and mathematics in teaching is still
challenging for researchers and teachers around the world.
Students’ learning processes, progression, and results in
these STEM curricula have been studied less. Accordingly,



this research project developed a series of innovative STEM
curricula that emphasize interdisciplinary teaching, not
only to better integrate these different disciplines and
cultivate students’ 1inquiry and problem-solving abilities
but also to enhance students’ abilities in science and
engineering as well as their learning interest in STEM.
This project has also designed instruments to measure
students’ learning progress and results to investigate
students’ scientific and engineering modeling processes in
STEM curriculum.

In the first year of the study, we designed a curriculum on
flat speakers and developed the assessment to evaluate
students’ progression in engineering design abilities and
their attitudes towards STEM and STEM learning. In the
second year of the study, we designed a course on smart
homes and developed assessments to understand students’
progression in scientific knowledge, engineering knowledge,
and affective aspects. We also compared the effects of
directly integrating scientific knowledge versus not
directly integrating it on student learning. These research
findings are documented in the previous two years’ reports.
In the third year of the project, we designed a course on
wearable devices and explored the impact of teaching STEM
courses on students’ motivation to learn science, students’
understanding of scientific concepts, and students’ ability
to apply scientific concepts to engineering design.

This study involved 49 participants who were 10th-grade
students from the central Taiwan, with a high interest in
learning physics. Data were collected through pre- and
post- assessments including a science learning motivation
scale, a scientific concept assessment, and a scientific
concept application to engineering design assessment. After
the data analysis, there were three main research findings.
1. Through this STEM curriculum, students showed a
significant improvement in their motivation to learn
science. 2.With scaffolding provided by teachers, students
demonstrated a significant improvement in their
understanding of scientific concepts. 3.By integrating
engineering design and scientific inquiry through hands-on
practice with real-world circuit, students showed a
significant improvement in their ability to apply
scientific concepts to engineering design.

Therefore, by designing interdisciplinary STEM courses with
authentic contextual themes that integrate engineering
design and scientific inquiry, students can gain a deep
understanding of scientific knowledge and apply it to real-
world situations. This approach not only cultivates
students’ abilities in scientific inquiry and problem-



oo Mg

solving but also enhances their motivation to learn
science.

In summary, this study s main contributions are twofold:

1. Providing an example for STEM course design that focuses
on real-world circuit themes and guides students in
developing scientific inquiry and problem-solving abilities
through hands-on practice. 2. Establishing assessment
methods to understand the changes in students’ scientific
concept construction and their application of scientific
concepts to engineering design abilities in STEM
curriculum.

STEM, engineering design, science learning motivation
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This study aimed to design and propose an innovative STEM curriculum that emphasized
interdisciplinary teaching not only to better integrate different disciplines and cultivate
inquiry and problem-solving abilities but also to enhance students’ attitudes toward STEM.
To enhance interdisciplinary learning in the STEM curriculum, students were scaffolded to
involve relevant scientific and engineering knowledge and employ mathematics to collect
and analyze data in their engineering practice when designing their technology products.
The participants included 50 tenth-grade students. The research instruments included the
assessment of the progression of students’ engineering designs in students’ journals and a
student attitude survey about science, technology, engineering, and the learning
environment using pre- and post-tests. The results reveal that due to continuous
encouragement to involve interdisciplinary thinking emphasizing science and engineering

knowledge in their engineering design processes, students gradually improve their ability



to design engineering models. Students also significantly enhanced their attitudes toward
STEM and the learning environment compared to the general curriculum in school. This
study contributes to a way to encourage interdisciplinary thinking in students’ engineering

processes and to an assessment to evaluate students’ learning progression and results.

National Changhua University of Educa\loﬂ‘)ﬁ‘!‘
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While it has been recognized that STEM education is an interdisciplinary
teaching, the integration of multiple subjects into interdisciplinary teaching in
a meaningful way s still challenging for teachers. This study aimed to design
and propose an innovative STEM curriculum that emphasized interdisciplinary
teaching not only to better integrate different disciplines and cultivate inquiry
and problem-solving abilities but also to enhance students’ attitudes toward
STEM. To enhance interdisciplinary learning in the STEM curriculum, students
were scaffolded to involve relevant scientific and engineering knowledge and
employ mathematics to collect and analyze data in their practice

This study was aimed at exploring the effects of a STEM curriculum on
the engineering design and affective attitudes of Fifty tenth-grade students.
The curriculum was designed on the basis of the 6€ (Engage, Explore, Explain,
Engineer, Enrich, and Evaluate) framework by Burke (2014) and we conducted
a series of assessments to evaluate students’ progress in their ability to design
engineering products.

The students’ engineering designs were classified into four levels (low to
high) by the structure diagrams that they drew in their learning journals. The

when designing their technology products. The participants included 50

of the four levels of design showed how students
integrated scientific knowledge and engineering knowledge into their

tenth-grade students. The research included the of
the progression of students’ engineering designs in students’ journals and a
student attitude survey about science, technology, engineering, and the
learning environment using pre- and post-tests. The results reveal that due to

toinvolve y thinking i
science and knowledge in their design processes,
students gradually improve their ability to design engineering models.
Students also significantly enhanced their attitudes toward STEM and the
learning environment compared to the general curriculum in school. This
study contributes to a way to encourage interdisciplinary thinking in students’
engineering processes and to an assessment to evaluate students’ learning
progression and results.

Introduction, Objectives, or Research Questions

There is growing concern about improving science,

designs, thereby enhancing their technology products.

We also assessed their attitudes before and after the curriculum to shed
light on changes in their perceptions of the STEM field and STEM courses.
Accordingly, the 19-question survey, which was adapted from Han and
Carpenter (2014) and Unfried et al. (2015), required the participants to rate
items on a 5-point Likert scale.

The Progression of Students’ Engineering Designs
The distribution of the students’ engineering design levels is shown in
Table 2. Students’ engineering designs gradually progressed mostly from Level

engineering design progress ranged from 1.32 to 3.62.

Table 2. The Distribution of Levels of Students’ Engineering Designs

engineering design between activities

EE il N I
132 0. 000 251

9.520%*

2.72** .009

3.22 0.76 3.30** 002 0.47
3.62 073
132 074 15.71*** .000 223
3.62 073

Results or Findings

1in Activity 1 to Level 4 in Activity 4. The average mean scores of the students’

The Progression of Students’ Attitudes toward STEM and STEM Learning
Environments

Paired sample t-tests were conducted on four major dimensions of the
attitudinal survey, as shown in Table 4. Table 4 shows that the post-tests of the
four dimensions are significantly higher than the pre-tests, with large effect
sizes between 0.52 and 1.04. The results indicated that this STEM curriculum
enhanced students’ attitudes toward STEM, and they preferred this STEM
learning environment to their general classroom learning environment.

Table 4. Resuits of the paired sample t-test on students’
engineering design between activities
| Pretest |

engineering, and mathematics (STEM) education to attract students’ interest
in STEM and to improve the number and quality of the workforce in STEM
around the world. While it has been recognized that STEM education is an
interdisciplinary teaching, the integration of multiple subjects into

y teachingina way is still for teachers
(Bell, 2016). It has been argued that the disciplines in STEM education are
taught independently (Lin, 2018). Most K-12 curricula are more focused on
the process of making technology and the product of this process than on the
ways to apply science and mathematics to engineering processes to develop
the final technological product. The K~12 curriculum does not emphasize
ways to involve engineering or technology in helping students learn about
science and mathematics.

The purpose of this study is to explore how learning about the
interdisciplinary thinking of scientific and engineering knowledge through an
innovative flat-speaker STEM curriculum influences students’ engineering
design processes, including evaluations and revisions of their engineering
designs, as well as how this innovative curriculum mav enhance their
attitudes toward STEM.

& <o (sweet potaco shape)

Post-test
S.D.

M S.D. M

e

Activity ] Activity 2 Activity 3 Activity 7

N__ v N N % N_ %
Levell 40 80 2 0 0 0
Level2 6 1 18 10 20 714
Level3 2 [ 16 19 38 510
Teveld 2 ] 14 21 5 376
Average .
T 132 284 32 3.62

424 051 449 045 529*** .000 0.52
428 050 462 048 6.81°** .000 0.69
410 050 447 052 6.15*** .000 0.73
404 073 469 050 6.03*** .000 104
Environment
**%p<.001

Table 2 shows that through this STEM curriculum, students’ engineering
designs progressed from the lower mean score of 1.32 to the higher mean
score 3.62. In Table 3, the continuous increase in the mean score indicates the
students’ continuous progress throughout the course. Paired sample t-tests
revealed that this whole STEM curriculum and each stage of the curriculum
significantly improved the students’ engineering designs. The results indicated

sH

encourage students to engage in |nlerd|sc|plmary thinking, empnasmng
science and in their desi

, including , and revising melr designs
for innovative flat speakers. The results of (ne study showed the

that each activity was essential for students to improve their
designs from the lower level, in which they only included the appearance or
unessential components of the flat speakers, to the higher level, in which they
included and enhanced the essential components to achieve the engineering

‘M,ﬂm ‘wire B03ls based on the underlying scientific concepts of the flat speakers.

of students’ designs and the enhancement of
their attitudes toward STEM. This study contributes to a way to
encourage interdisciplinary thinking in students’ engineering processes
and to an assessment to evaluate students’ leaming progression and
results.
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