Humanities & Social Sciences

Communications

ARTICLE B creck o vesatn
https://doi.org/10.1057/541599-023-01653-7 OPEN

An importance-performance analysis of teachers’
perception of STEM engineering design education
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There is an increasing worldwide trend toward the development of science, technology,
engineering, and mathematics (STEM) education using engineering design (ED) practice.
Considering that teachers play pivotal roles in terms of student interest in STEM subjects and
careers, it is important to explore teachers’ perceptions of STEM-ED education. We analysed
survey data from 184 technology teachers who participated in empowerment training (using
a STEM-ED curriculum) in 2017, 2018, 2021, and 2022. We used an importance-performance
analytical model to investigate the teachers' perceptions of STEM-ED itself, its impact on
students, and the challenges experienced during implementation. The results showed that
various improvements were required for STEM-ED promotion and for the preparation of
STEM-ED lessons. Analysis of variance revealed that the age groups taught and the number
of weekly teaching hours significantly affected the teachers' perceptions of STEM-ED. These
findings will assist educational institutions worldwide in planning future education policies,
designing teacher empowerment courses, and understanding teachers’ needs in efforts to
improve STEM-ED.
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Introduction

o cultivate science, technology, engineering, and mathe-

matics (STEM) competence, skills, and interest among

students in the 21st century, governments worldwide have
supported policy initiatives that promote STEM education with
engineering design (ED) in secondary schools as a bridge to
higher-level STEM fields (Chien and Chu, 2018; Cruz et al., 2021;
Kutnick et al., 2020). This STEM-ED assists students in choosing
future careers, motivates students to learn, and facilitates their
interest in (and integration of) STEM subjects (Kwon, 2016).

In Taiwan, technology learning plays a pivotal role in STEM-
ED for several reasons. First, technology is not a college entrance
subject; technology teachers may be able to partially deviate from
conventional test-oriented teaching methods (Asia Society, 2006)
and thus contribute to an emerging pedagogy that promotes
STEM-ED. Second, the Ministry of Education (MOE) published
technology curriculum guidelines for K-12 students in 2014; these
guidelines addressed engineering design, design thinking, and
STEM (Fan and Yu 2017; MOE, 2018; Yu and Fan, 2017; Tsai
et al, 2022), as well as the integration of interdisciplinary
knowledge with project-based learning (Banks and Barlex, 2020;
Fan and Yu, 2017; Yu and Fan, 2017). Third, most current
technology teachers have science and technology qualifications;
many have also been trained in engineering design education.
Their basic content knowledge matches the STEM-ED curricu-
lum (Fan and Yu, 2017; Yu and Fan, 2017).

Teaching competence is essential for the implementation and
quality of STEM-ED (Honey et al. 2014); this competence was
influenced by teachers’ learning experiences during their preparation
programs (Berry et al. 2016; Hubers et al., 2022; Tsai et al., 2022).
Although technology teachers may have prior training in engi-
neering design, it remains challenging to familiarize these teachers
with the goals of the new curriculum and to help them acquire the
necessary pedagogical content knowledge (Yu and Fan, 2017; Tsai
et al,, 2022). Teacher professional development is needed to address
these challenges (Barak, 2014). Therefore, we devised a STEM-ED
course to provide basic content knowledge and pedagogical content
knowledge for technology teachers, then investigated their views
regarding STEM-ED by using an important-performance analysis
(IPA) model (Martilla and James, 1977). The IPA was originally
developed for marketing research; this model places mean scores of
importance and performance in a two-dimensional matrix to ana-
lyse satisfaction and the importance of a product or service. The IPA
has been used in education-related studies (Sever, 2015; Wohlfart
et al, 2022). The IPA outcomes generated in the present study
provide several practical suggestions, strategies, and methods that
may assist future planning of educational policy worldwide; the
results may also facilitate the design of teacher empowerment
courses and support an understanding of teachers’ needs in efforts to
improve STEM-ED. The empowerment course used in this study
could serve as an example of teacher professional development that
is applicable to STEM education worldwide.

General background

STEM-ED and empowerment training. STEM education
enhances student knowledge, competence, and interest in STEM-
related fields (NGSS Lead States, 2013); it also helps students to
develop high-level thinking skills (Wells, 2016). The integration
of engineering design into STEM education may also promote
creativity and innovation (Land, 2013) while improving students’
abilities to understand complex technological and engineering
concepts (Yu and Fan, 2017; Tsai et al. 2022). Previously,
mathematics and science education focused on abstract theories
rather than practical applications (Corum and Garofalo, 2015).
STEM education may help students form associations between

2

theory and practice (Chien and Chu, 2018), thus facilitating their
future careers (Kwon, 2016).

There is a strong impetus for the integration of STEM education
in Taiwan (MOE, 2018) and worldwide (Hubers et al., 2022; Kim
and Bolger, 2017). The Taiwanese economy is based on science and
technology; Taiwan is a “silicon island.” The semiconductor industry
greatly contributes to Taiwan’s competitiveness; individuals with
STEM talent are in high demand. Considering the nation’s complex
economic and social contexts, the fertility rate is the lowest
worldwide (Central Intelligence Agency, 2022); the number of
university STEM graduates has significantly decreased (Taiwan
News, 2020). Therefore, active cultivation of STEM education
requires major policy efforts. Among these efforts, Taiwan’s new 12-
year basic education program has prioritized STEM teaching within
the technology education curriculum, which now plays a central role
in teaching students to apply conceptual STEM knowledge to real-
world challenges (MOE, 2018). Moreover, engineering design and
project-based learning were incorporated into the technology
curriculum such that it has evolved from a trial-and-error approach
into a more systematic and logical approach to problem-solving (Yu
and Fan, 2017). Students are expected to demonstrate technological
literacy, hands-on abilities, an interest in course content, and
problem-solving and creative thinking skills (Fan and Yu, 2017; Lee,
2019). However, studies of teachers’ opinions revealed that the
teachers experienced difficulty with project-based inquiry methods; a
new STEM curriculum was required (Liu et al, 2012). Therefore,
empowerment training (a support measure) was needed (Barak,
2014; Lee, 2019; Yu and Fan, 2017) to help teachers achieve
satisfactory STEM teaching outcomes (Honey et al, 2014). This
training ensures that technology teachers’ professional credentials
are adequate for the delivery of STEM-ED.

Previous studies have examined design-based STEM education
(Guzey et al., 2016), along with its effects on decision-making
(Altan et al,, 2018), creativity (Hathcock et al., 2015; Altan and
Tan, 2021), and STEM-related learning outcomes (Guzey et al.,
2017). However, few studies have investigated teachers’ percep-
tions of STEM-ED. Other studies have investigated teachers’
perceptions and the implementation of STEAM (science,
technology, engineering, arts, and mathematics) education (Park
et al., 2016). Most teachers felt that STEAM education was
essential for improving students’ motivation and learning;
moreover, teachers desired help to overcome the challenges and
difficulties associated with implementing STEAM education,
including insufficient time and financial support to prepare
lessons, insufficient teaching materials, and a lack of expertise
(Han and Lee, 2012; Lee et al., 2013; Lim and Oh, 2015; Shin,
2013). Although these studies provided information concerning
teachers’ perceptions and practices of STEAM education, they
primarily included only elementary school teachers, and the
design element was omitted. Consequently, there is an urgent
need to investigate teachers’ perceptions of STEM-ED.

IPA model. The IPA model analyses the attributes, strengths, and
weaknesses of a product or a service, then identifies factors that
require improvement (Martilla and James, 1977). Data analysis
reveals four types of quality characteristics; this information
facilitates the development of strategic actions that can enhance
quality characteristics in each of the four quadrants. The model is
then interpreted and the necessary strategic actions are for-
mulated (Fig. 1).

IPA data are presented in X-Y coordinate charts (Martilla and
James, 1977). The four quadrants (QI-QIV) reflect the mean
amounts of performance and importance (Sever, 2015), whereas
horizontal and vertical lines on the coordinate plane show the
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Fig. 1 Representative of IPA graph (Martilla and James, 1977). The
importance measure represents the vertical axis, and the performance
measure constitutes the horizontal axis of a two-dimensional graph.

relationships between performance and importance. The inter-
pretation of IPA matrixes involves the use of four Qs:

1. QI: Keep up the good work (K): The product or service
quality characteristic is very important, and the organiza-
tion performs well.

2. QIIL: Concentrate here (C): The product or service quality
characteristic is very important, but the organization fails to
perform.

3. QUL Low priority (L): Although the product or service
quality characteristic is not important, the organization fails
to perform.

4. QIV: Possible overkill (P): Although the product or service
quality characteristic is not important, the organization
performs well.

Originally, the IPA was developed for marketing purposes, but
it has since been applied in various fields, including education
(Sever, 2015; Wohlfart et al., 2022). Previous educational studies
used the IPA to focus on quality management and student
satisfaction (Lakkoju, 2016) with curricula and facilities (McLeay
et al,, 2017); they also focused on teachers’ opinions about efforts
to reform technology courses (Lin et al., 2015). Therefore, the IPA
enables systematic and critical assessment of teachers’ perceptions
regarding the implementation of STEM-ED in secondary schools;
our research questions can be addressed. Using this approach, we
can help to formulate educational policy and determine the
practical needs of teachers who implement the curriculum. Based
on the above considerations, the current study was guided by the
following research questions:

RQ1: How do in-service technology teachers perceive STEM-
ED overall?

RQ2: What background characteristics of in-service technology
teachers affect their perceptions of STEM-ED?

RQ3: How do in-service technology teachers perceive the
STEM-ED empowerment course?

Methods

Participants. We adopted the convenience sample method,
including 184 technology teachers who enrolled in empower-
ment courses in 2017, 2018, 2021, and 2022, respectively. The
empowerment course was not offered in 2019 and 2020 because
of the coronavirus disease 2019 pandemic. The MOE entrusted
higher education institutions with these empowerment courses

for technology teachers willing to study further. Teachers who
completed the course received a certificate of professional
development.

Design. We were commissioned by the MOE to develop a STEM-
ED empowerment course for technology teachers. And as above-
mentioned, the teachers enrolled in the courses between 2017 and
2022 were the participants of this study to provide their views
regarding STEM-ED in a 19-item questionnaire and open-ended
questions. The descriptive statistics and analysis of variance were
used to analyse the collected data based on the IPA model. A
detailed description of the development of the STEM-ED
empowerment course, questionnaire, and data analysis were all
in the following section.

STEM-ED empowerment course. The STEM-ED course was
inspired by the Transportation Design Department’s elastic for-
mula racing car course at the Art Centre College of Design. The
technology teachers were instructed to design a racing car and
generate movement by twisting a rubber band (5 m long x 0.5 cm
wide). They steered the cars around a track as quickly as possible
using an infrared remote control and “torque release mechan-
ism.” The course was based on the 10 design activities proposed
by Atman (2019) related to energy conversion, friction, the bal-
ance between forces, mathematical measurements, geometry, and
trigonometry. The teachers were expected to implement hands-
on technological activities to promote artistic and creative car
designs, emphasizing innovation and performance. The course
length was 36h over 5 days; the first 4 days were 8h long,
whereas day 5 was 4 h long. Table 1 is the detailed course con-
tents, Fig. 2 shows the STEM knowledge covered by the
empowerment course, and Fig. 3 shows the samples of the tea-
chers’ coursework.

After completing a 36-h STEM-ED empowerment course, each
teacher completed the 19-item questionnaire and answered the
open-ended questions, which required ~20 min. Teachers may
discuss the open-ended questions.

Measures. The measurement tool in this study was a 19-item
questionnaire that included four questions regarding teachers’
background characteristics to determine whether teachers’ per-
ceptions of STEM-ED differed according to age groups taught,
teaching experience, number of weekly teaching hours in tech-
nology courses, and previous STEM training experience. Eleven
IPA questions based on an earlier study by Park et al. (2016) [in
accordance with the findings of a literature review (Han and Lee,
2012; Lee et al., 2013; Lim and Oh, 2015; Shin, 2013)] to inves-
tigate technology teachers’ perceptions of STEM-ED itself
(questions 1-3); the impact of STEM-ED on students (questions
4-7); and challenges when implementing STEM-ED (questions
8-11). Four IPA questions related to the STEM-ED empower-
ment course (questions 12-15). The 15 IPA questions were
5-point Likert scale items. Moreover, an open-end question fol-
lowed each aspect of the IPA questions to collect teachers’ explicit
opinions in their own words.

The questionnaire was reviewed by five experts (three
professors and two schoolteachers responsible for developing
the empowerment course) to ensure that language, construct
content, and face validity were acceptable. Fifteen teachers were
invited to participate in a 6-h hands-on workshop regarding the
empowerment course; they also participated in a pilot survey to
validate the questionnaire. Feedback indicated that the ques-
tionnaire conformed to the practices and needs of teachers. The
Cronbach alpha values of the four aspects of importance/
performance were 0.75/0.70, 0.79/0.86, 0.62/0.70, and 0.70/0.73,
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Engineering design

Table 1 Content of the 36-h STEM-ED empowerment course.

Activities

Photos

Day 1: Introduce courses, hands-on activity,
and STEM knowledge

Day 2: Introduce basic mechanism design,
3D drawing application, and digital
manufacturing tools

Day 3: Make and test elastic car

Day 4: Test elastic car and introduce
teaching strategy

Day 5: Present each team's car design and
perform the race activities.

o |dentify need
e Problem definition
o Gather information

o Generate ideas
e Communication
e Decision

e Modelling

e Modelling

o Feasibility analysis
e Evaluation

e Decision

e Modelling

e Feasibility analysis
e Evaluation

e Decision

e Communication

e Communication
e Implementation

(1) Introduce computer-aided
design and manufacturing.

(2) Explain STEM-ED education.
(3) Show videos of various
elastic cars.

(4) Introduce basic STEM
knowledge used in this course.
(5) Assemble basic mechanical
parts of an elastic car.

(1) Introduce basic concepts of
steering and torque release
mechanism.

(2) Learn 3D drawing.

(3) Develop ideas of an
elastic car.

(4) Generate 3D drawing.

(5) Learn digital machines (3D
printer, laser cut machine,

and CNC).

(1) Assemble and adjust the
wheels of the elastic car.

(2) Test the elastic car.

(3) Redesign the elastic car.

(1) Test, Adjust, correct, optimize
the elastic car.

(2) Introduce teaching strategy
of STEM-ED course.

(3) Prepare presentation
materials.

(1) Present car design.
(2) Perform car race activities.
(3) Answer questionnaire.

The course materials are available online (https://sites.google.com/ttsh.tp.edu.tw/rubber-band-car/).

respectively, indicating that the questionnaire exhibited accep-
table internal consistency and reliability.

Data analysis. Based on the IPA model, the mean values of
performance (x-axis) and importance (y-axis) were used to
establish two-dimensional matrices that yielded correlations
indicated by the relative positions of the data points (Abalo et al.,
2007; Martilla and James, 1977). Descriptive statistics were used
to explore the teachers’ background characteristics. Analysis of
variance was used to investigate whether teachers with different
backgrounds had different views regarding performance assess-
ment in terms of STEM-ED itself, the impact of STEM-ED on
students, and the challenges involved in the implementation of
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STEM-ED. The results yielded insights into the most common
priority rankings of various improvement strategies and direc-
tions in which to invest.

Results

Based on the data from 184 questionnaires, we analysed teachers’
background characteristics and responses to the IPA questions.
We also collected 95 answers (25 for the perception of STEM-ED
itself, 17 for the impact of STEM-ED on students, 17 for chal-
lenges when implementing STEM-ED, and 36 for opinions
regarding the STEM-ED empowerment course) from the teachers
to the open-ended questions as qualitative evidence of the “lived”
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Fig. 2 STEM knowledge covered by the empowerment course. Basic STEM knowledge was introduced in the course, and the technology teachers applied

them during the engineering design process.

Fig. 3 Teachers' coursework. Technology teachers used STEM knowledge and steering and torque release strategies to design various elastic cars.

Table 2 Background characteristics analysis (N = 184).

Background characteristics N %
Age groups taught Middle school 141 76.6
High school 26 14.1
Combined 17 9.2
Teaching experience 1-5 32 17.4
6-10 23 12.5
11-15 33 17.9
16-20 39 21.2
21 & more 57 31.0
Number of weekly teaching hours 0 43 234
1-17 90 48.9
18 & more 51 27.7
STEM training experience Yes 73 39.7
No m 60.3

experience with quantitative data that would be described in the
Discussion.

Analysis of teachers’ background characteristics. Taiwan has
1211 certified middle school technology teachers, which is
approximately 1.5-fold greater than the number of high school

technology teachers (N=954). The MOE designated teams from
three universities to provide empowerment courses for these tech-
nology teachers. Thus far, 465 teachers have participated in these
courses. We collected data from 184 teachers who participated in
the empowerment course offered by the authors’ team from 2017 to
2022. Table 2 lists the teachers’ background characteristics.

Of the 184 teachers in this study, 141 were middle school
teachers (5.42-fold greater than the number of high school
teachers; N = 26). Furthermore, 52.2% were senior teachers (>15
years of teaching experience), 78.3% did not teach sufficient hours
to meet the standard teaching hours (18 h per week), 43% did not
teach any technology course, and 39.6% had previous STEM-
related training experience.

IPA question analysis. Table 3 shows the total mean scores for
the perception of STEM-ED itself, the impact of STEM-ED on
students, challenges when implementing STEM-ED, and opinions
regarding the STEM-ED empowerment course. The four mean
scores for the importance levels were all >4. Among the four
mean scores of performance assessment, only “challenges when
implementing STEM-ED” was <4 (mean=3.75, standard
deviation = 0.66). Among the 15 IPA questions, seven were in QI
(K), two (1 and 9) were in QII (C), five were in QIII (L), and one
was in QIV (P).
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Table 3 Analysis results of the IPA questions.

Aspects/Questions Mean (SD) IPA quadrant/category
Importance Performance
The perception of STEM-ED itself 4.45(0.53) 4.32(0.59)
1. Promoting STEM-ED to students’ interest and future talents in STEM fields. 4.61(0.49) 4.29(0.76) 1/C
2. Recommendation of STEM-ED to colleagues. 4.42(0.73) 4.40(0.73) IV/P
3. Implementation of STEM-ED courses in teaching. 4.33(0.71) 4.26(0.74) /L
The impact of STEM-ED on students 4.36(0.46) 4.27(0.63)
4. Students' critical thinking. 4.42(0.50) 4.28(0.77) I/K
5. Students' creativity. 4.56(0.59) 4.37(0.74) I/K
6. Students' personal traits. 4.09(0.68) 4.09(0.80) /L
7. Students’ choices in STEM disciplines. 4.37(0.58) 4.28(0.77) I/K
Challenges in implementing STEM-ED 4.68(0.32) 3.75(0.66)
8. Support of administration and finance. 4.85(0.36) 3.87(0.94) /K
9. Readiness of STEM-ED lessons. 4.75(0.48) 3.76(0.87) Il/C
10. Workload 4.57(0.50) 3.68(0.88) /L
11. Use of new equipment and media. 4.59(0.55) 3.67(0.94) /L
Opinions of the STEM-ED empowerment course 4.52(0.40) 4.48(0.49)
12. Provision of empowerment training in STEM-ED teaching strategy. 4.62(0.49) 4.49(0.60) /K
13. Promotion of empowerment training. 4.53(0.50) 4.58(0.66) /K
14. Appropriate content of empowerment training. 4.57(0.50) 4.49(0.65) I/K
15. Length of empowerment training. 4.35(0.70) 4.36(0.75) /L

Table 4 Summary table of the analysis of variance.

Aspects IPA Model  F-value (LSD)
Age groups taught Year of Number of weekly STEM
teaching teaching hours training

The perception of STEM-ED itself Importance 1.83 0.75 0.12 0.37

Performance 4.38*(3<1) 1.61 0.26 0.28
The impact of STEM-ED on students Importance  0.43 0.60 0.35 0.14

Performance 1.34 0.50 0.41 0.12
Challenges in implementing STEM-ED Importance  0.09 1.51 1.30 0.20

Performance 0.97 0.34 4.05*(3<1) 0.54
Opinions of the STEM-ED Importance  0.49 0.85 0.44 0.27
empowerment course Performance 4.06*(3<1.2) 1.10 0.58 0.35

" p<0.05.

Table 4 shows the results of the analysis of variance according
to the teachers’ background characteristics. The age groups taught
significantly affected the performance assessment scores on “the
perception of STEM-ED itself” [F(2180)=4.38, p=0.02,
np* =0.05] and “opinions regarding the STEM-ED empower-
ment course” [F(2180) = 4.06, p = 0.05, 7p? = 0.03]. The number
of weekly teaching hours significantly affected the performance
assessment scores for “challenges when implementing STEM-ED”
[F(2180) = 4.05, p = 0.02, np? = 0.04].

Of the three IPA questions in “the perception of STEM-ED
itself” (Table 3), question 1 was categorized in QII (C), question 2
was categorized in QIV (P), and question 3 was categorized in
QIII (L). According to the IPA model (Martilla and James, 1977),
question 1 (i.e., promotion of STEM-ED to colleagues and
students to foster the students’ interests and future talents in
STEM fields) requires priority attention. Moreover, the age
groups taught significantly affected the assessment of perfor-
mance levels. Figure 4 shows the significant differences in IPA
values. The performance scores of teachers in the combined
group were below the mean value (mean=4.32, standard
deviation = 0.59), whereas the scores of middle school teachers
were all above the mean value.

“The impact of STEM-ED on students” included four IPA
questions. Questions 4, 5, and 7 were categorized in QI (K);
question 6 was categorized in QIII (L) (Table 3). There were no
significant differences among teacher groups.

“Challenges when implementing STEM-ED” also included four
IPA questions. As shown in Table 3, question 8 was categorized in
QI (K), question 9 was categorized in QII (C), and questions 10 and
11 were categorized in QIII (L). Question 9 (preparation of STEM-
ED lessons) requires priority care (Martilla and James, 1977).

Figure 5 shows the significant differences in IPA values. The
assessment of performance levels significantly differed according
to the number of weekly teaching hours. Teachers who taught
>18h per week had scores below the mean on all four IPA
questions (mean =3.75, standard deviation =0.66), whereas
teachers who taught Oh per week had scores above the mean
on all four IPA questions.

“Opinions regarding the STEM-ED empowerment course”
included four IPA questions. Table 3 shows that questions 12-14
were categorized in QI (K) and question 15 was categorized in
QIII (L). Figure 6 shows the significantly different values, which
mainly arose from the lower mean score on question 15 among
teachers in the combined group.
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Fig. 5 IPA values of “challenges when implementing STEM-ED" in the
different number of weekly teaching hours. All four green squares
(representing teachers who taught >18 h per week) were on the mean
score line's lower score side.

Discussion

RQ1: How do in-service technology teachers perceive STEM-
ED overall? The mean scores of the importance of the perception
of STEM-ED itself, the impact of STEM-ED on students, and
challenges when implementing STEM-ED were all >4, indicating
that most teachers agreed with the importance of the three
aspects. In terms of performance assessment, only “challenges
when implementing STEM-ED” was <4. Thus, teachers demon-
strated a need to consider teacher workload when developing
STEM-ED, but they currently do not feel challenged. This finding
differs from the results of previous studies (Han and Lee, 2012;
Lee et al,, 2013; Lim and Oh, 2015; Shin, 2013) and will be dis-
cussed in greater detail below.

The IPA model (Martilla and James, 1977) suggests that IPA
values in QII (ie., questions 1 and 9) should be prioritized. The
teachers felt that the promotion of STEM-ED was important, but
the current status could be improved; they reported some
weaknesses in terms of their ability to prepare STEM-ED lessons.
Recent research has revealed various methods by which STEM-ED

5.0+
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13 pl2 012
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Performance

Fig. 6 IPA values of “opinions regarding the STEM-ED empowerment
course” the different age groups taught. The mean score on question 15
among teachers in the combined group is much lower than <« the other
scores.

can be promoted during teacher training. For example, leading
teachers can perform curriculum analyses that include various best
practices when aiding STEM-ED learning (Aykan and Yildirim,
2022); this approach helps new teachers to develop skills and
improve their lesson planning (Fernandez, 2010). Research-based
pedagogies are incorporated into teacher education to promote
knowledge regarding STEM-ED teaching and a mindset that
encourages growth (Milner-Bolotin, 2018).

For “the perceptions of STEM-ED itself”, teachers generally had a
positive perception of STEM-ED itself, consistent with the findings
in previous STEAM education studies (Han and Lee, 2012; Lim and
Oh, 2015; Park et al, 2016; Shin, 2013; Shin and Han, 2011).
However, the implementation of STEM-ED courses can be further
refined. The assessment score was significantly lower for teachers in
the combined group than for middle school teachers. Teachers of
both middle and high school students would likely consider
curriculum design from the perspective of continuity and differences
between age groups; they may also perceive that the provision of
STEM-ED to different age groups is more challenging. According to
the answers to the open-ended question, several teachers made
statements similar to the following:

When teaching middle and high school students concur-
rently, we need more help to prepare new courses
appropriate for the core literacy and learning foci of the
different age groups. Otherwise, we will be teaching the
same things to students at different levels.

Middle and high school students have different teaching goals
and needs, according to the curriculum guidelines (Yu and Fan,
2017). Thus, teachers have considerable responsibility to design a
curriculum for students at different learning stages. Accordingly,
empowerment training should provide teachers with the
pedagogical content knowledge required for STEM-ED, while
considering the difficulties and challenges experienced by
teachers. Various tools should be used to assist teachers who
work with multiple age groups (Lee, 2019; Yu and Fan, 2017).

For “the impact of STEM-ED on students”, according to scores
on the four relevant IPA questions, teachers felt that STEM-ED
had a positive impact on analytical thinking, creativity, and
personal traits among students, as well as the students’ future
selection of a STEM career. These findings were consistent with
the results of previous studies, where the cross-domain
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knowledge obtained through STEM/STEAM education promoted
analytical thinking among students, while STEM-ED inspired
creativity. Cross-domain knowledge helps students to identify
their strengths, improve personal traits, and choose relevant
academic fields; ultimately, this knowledge helps to cultivate
STEM talent (Han and Lee, 2012; Kim and Bolger, 2017; Lim and
Oh, 2015; Park et al., 2016; Shin and Han, 2011). However, one of
the teachers in this study mentioned the following:

STEM-ED requires more input from students. Actually, this
type of teaching strategy tests teachers’ teaching ability even
more than before, since students spend most of their time
studying admission exam subjects, with limited time
available for non-exam subjects.

Teacher efficacy in terms of STEM education is dependent upon
teachers’ knowledge of teaching (National Research Council, 2014)
and is related to student persistence with, and retention in, STEM
subjects (Painter and Bates, 2012). Under the credential system in
Asian countries, the degree to which students can devote themselves
to technology courses is affected by the prioritization of examination
subjects. Thus, there is a need to develop various teaching strategies
to ensure student persistence with, and retention in, the STEM-ED
curriculum (Lee et al.,, 2004; Lin et al,, 2015). The learning process of
a STEM-ED course must enable students to explore other academic
directions, gain a sense of accomplishment during the learning
process through diversified learning, and apply the acquired
knowledge to real-life problems. In this manner, schools, parents,
and students will view STEM-ED as a means to enhance students’
talents (Altan et al., 2018; Altan and Tan, 2021).

For “challenges in the implementation of STEM-ED”, it is the
only aspect for which the mean scores of the four IPA questions
were all <4. Although the mean scores of the four IPA questions
were lower than the mean scores of other dimensions, the IPA graph
showed that teachers performed appropriately when they were
supported by school administration and finance departments. The
teachers had minimal concerns about the teaching load and any new
equipment or media. This finding differs from the results of previous
studies involving participants from various teaching fields, rather
than technology alone (Park et al,, 2016). Intriguingly, teachers with
high teaching loads per week were particularly capable of
implementing STEM-ED. One teacher stated:

The high teaching load for technology subjects can help
teachers be more flexible when preparing teaching materials
and courses, such as machinery and computers, and
technology and computer classrooms.

Because technology is a new educational focus, the MOE has
recently invested more funds and resources in establishing
technology education centres and creative laboratories nation-
wide (Lee, 2019). Moreover, the MOE funds the purchase and
maintenance of digital tools and equipment (e.g., laser cutting
machinery, 3-D printers, Arduino microprocessors, and robots)
to ensure efficient course implementation (Chien and Chu, 2018).
Accordingly, teachers may perceive that administrative and
financial support is appropriate, easing the teaching load.
However, question 9 (ability to prepare STEM-ED lessons)
requires attention (as revealed by the IPA model; Martilla and
James, 1977). Therefore, in addition to hardware resources,
teachers require professional development that enhances their
knowledge, skills, and dispositions in STEM-ED, thus empower-
ing them to provide quality STEM-ED (Cotabish et al., 2011).

RQ2: What background characteristics of in-service technology
teachers affect their perceptions of STEM-ED? The teachers’
background characteristics provide some insights into the current

8

status of STEM-ED development. The number of middle school
teachers enrolled in the empowerment courses was approximately
5-fold greater than that of high school teachers. Middle school
teachers have more urgent needs in terms of STEM-ED
empowerment training because middle schools provide 3-year
compulsory STEM courses that become elective after the 10th
grade (MOE, 2018). Teachers weighed the priorities of their
teaching responsibilities and participated in empowerment
training to meet the guidelines of the new education curriculum.

More than half of the teachers overall had =15 years of
teaching experience. This reflects the importance of (and strong
demand for) senior teachers when new educational policies and
teaching content are established; such teachers were willing to
participate in STEM-ED. One senior teacher stated:

I believe that most technology teachers can actively
participate in, understand, and adapt to teaching new things,
and so understand and agree with new education strategies.
We did not learn enough in school; now we have to learn a
lot of new teaching methods. As new developments emerge,
technology teachers should keep their knowledge up-to-date.

Furthermore, 43 technology teachers did not actually teach
technology courses. In the previous curriculum, physics, chem-
istry, biology, earth science, and technology were all in the same
learning area. Schools were free to allocate time to these subjects
within the same field. Technology is not a university entrance
subject; schools tend to prioritize examination subjects (Lee,
2019). Consequently, technology teachers often switch to other
subjects or assume administrative duties (Lin, 2007), either
voluntarily or because such a change is required. In the new
curriculum guidelines, technology is separated from science
(Fang, 2019; Lee, 2019; Ritz and Fan, 2015; Yu and Fan, 2017).
Thus, there is an urgent need for teachers to promote the new
technology curriculum, and many technology teachers are willing
to return to technology (Lee, 2019); these teachers attended the
empowerment courses. One senior technology teacher stated:

We are pleased that technology has been separated from
science as a stand-alone learning area, which guarantees
teaching time for technology. We are willing to participate
in the empowerment training and prepare for the new
teaching guidelines.

RQ3: How do in-service technology teachers perceive the
STEM-ED empowerment course? The scores of the four IPA
questions 12-15 reflected positive teacher attitudes toward the
empowerment course. However, scores on the “length of
empowerment training” significantly varied according to the age
groups taught. Several responses from teachers in the combined
group were notable, including the following:

Although there was much to be gained from the 8-hour
per day training week, the course content was challenging
to retain and apply, regardless of the basic content
knowledge and the necessary pedagogical content
knowledge.

Teachers in the combined group felt that the knowledge
obtained from the empowerment course could not be directly
applied; moreover, the basic content knowledge may be
inappropriate for teaching at middle schools versus high schools.

The provision of STEM education training to teachers would
increase their STEM knowledge and confidence with respect to
teaching STEM (Nadelson et al., 2012). Clear educational goals
and systematic planning of the empowerment curriculum,
considering core literacy and learning foci, are needed to promote
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professional development programs for STEM-ED (Tsai et al.,
2022). The current empowerment course requires greater
emphasis on systematic planning and clear teaching goals,
enabling teachers to implement courses within their schools for
students in different learning stages.

Finally, we did not offer empowerment courses in 2019 and
2020 because of the difficulties of online access to tools, materials,
and resources for hands-on learning; we suspected that teachers’
motivation and engagement might be affected by these difficulties
(Code et al., 2020). However, hands-on technology education
informed by a pandemic-transformed pedagogy is possible
(Wright and Bartholomew, 2020); such education may be
essential for maintaining the motivation and opportunities
needed for teacher empowerment training and the resultant
high-quality student learning.

Conclusions

Considering the increasing worldwide dependence on STEM-
related knowledge and skills (Sen et al., 2018), STEM-ED plays a
key role in fostering positive dispositions toward STEM (Cotabish
et al,, 2011). Teachers must accept new STEM/STEAM teaching
strategies and understand how to successfully implement STEM-
ED. Additionally, it is important to assess their opinions of this
new teaching strategy. The results of this study support the fol-
lowing conclusions related to the future of STEM-ED.

First, the technology teachers had a positive attitude toward
promoting STEM-ED. Technology teachers already have STEM-
related knowledge and can adapt to emerging educational
approaches. They also expressed willingness to attend relevant
courses to keep up-to-date with curriculum developments, and
they stated that STEM-ED would help improve students’ learning
motivation, thinking skills, and interest in pursuing STEM sub-
jects. Second, the technology teachers were not concerned about
the additional workload that STEM-ED would entail, but they
were concerned that the new course content may require greater
input from students. Therefore, strategies are needed to enhance
the recognition of STEM-ED by students, parents, and schools,
with the aim of encouraging students to engage with STEM/
STEAM learning (Herro and Quigley, 2017). Third, professional
development programs should use various methods and include
diverse content to help teachers meet the core literacy and
learning foci requirements when designing and implementing the
STEM-ED curriculum. Professional development programs
should also help teachers to address any teaching-related pro-
blems that they may experience (Lin et al., 2015). Finally, the IPA
model (Martilla and James, 1977) shows that, of the various
improvements required, the most important is the promotion of
STEM-ED and the ease of STEM-ED lesson preparation.

This study has some limitations that should be addressed in fur-
ther possible studies by STEM education researchers from various
fields. First, only 465 technology teachers have participated in the
formal empowerment training provided by the MOE. We collected
data from 184 of these 465 teachers (~40%) from 2017 to 2022. We
believe that the sample size in this study was adequate and that the
multi-year nature of the study provided important insights into
methods that can improve the professional development program for
STEM-ED empowerment training. Most teachers who participated in
this study had voluntarily enrolled in the empowerment training,
suggesting that they were motivated and open to learning about new
pedagogical approaches. However, such motivation may not persist
among technology teachers if the empowerment courses become
mandatory. Finally, studies with more diverse samples of teachers are
needed. Second, this multi-year study provided critical insights into
teachers’ perceptions of STEM-ED, and the findings will be useful in
the improvement and expansion of STEM-ED professional

development programs. The next step in the establishment of such
programs should involve an assessment of the effectiveness of STEM-
ED units taught in the classroom. Third, the 19-item questionnaire
used in this study was based on a small-scale population and focused
on teachers’ perceptions of engineering-based STEM education.
Future research can develop formal scales for a general STEM edu-
cation to investigate teachers’ and students’ metacognition of curri-
culum, self-efficiency, and other issues to prepare for the possibility of
large-scale and extensive implementation of STEM education.
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