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Abstract

Background: Teaching engineering at a high school level has been a subject of substantial concern during recent
curriculum reforms. Many countries are increasingly including engineering-focused subjects in their technology
curriculum guidelines. However, technology teachers face challenges regarding the optimal implementation of an
engineering-focused curriculum. It is essential to understand technology teachers’ perceptions of and behavior in
classroom practices when teaching an engineering-focused curriculum. To explore the factors influencing the
effective implementation of the curriculum, this study aimed to explore the association between technology
teachers’ perceptions regarding curriculum guidelines (i.e., perceived ease of use, perceived usefulness, and beliefs)
and their behavioral intentions. In addition, this study explored how these perceptions change for teachers who
participated in a professional development program (PDP) for teaching an engineering-focused curriculum
compared with those who did not participate in the program (NoPDP).

Results: In this study, structural equation modeling was used to investigate factors potentially influencing teachers’
behavioral intentions, including subjective norms and perceived behavioral control. The results showed that
technology teachers’ behavioral intentions were influenced by their perceptions of the curriculum's usefulness.
Subjective norms and perceived behavioral control were also significant determinants of behavioral intentions.
Moreover, the results differed between the two groups. Perceived usefulness had direct and indirect effects on the
behavioral intentions of the PDP and NoPDP groups, respectively.

Conclusions: We constructed a model of technology teachers’ behavioral intentions to implement an engineering-
focused curriculum and identified factors influencing technology teachers’ behavioral intentions to implement an
engineering-focused curriculum. Our conclusions are as follows: (1) the model was adequate for determining the
factors influencing technology teachers’ behavioral intentions; (2) in the PDP group, perceived usefulness, subjective
norms, and perceived behavioral control were significantly associated with behavioral intentions; and (3) in the
NoPDP group, perceived usefulness and perceived ease of use were associated with behavioral intentions and self-
reported behavior only via the mediating factor of beliefs. The above influencing factors should be taken into
account when planning professional development programs for pre- and in-service teachers, as these programs will
have implications regarding the successful implementation of an engineering-focused curriculum.
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Introduction
The need for an integrated approach to science, technol-
ogy, engineering, and mathematics (STEM) education
has been increasingly acknowledged in recent years. To
promote STEM education, the importance of teaching
engineering at a high school level has been recognized in
Taiwan’s recent curriculum reform. Consequently, an
engineering-focused curriculum using an engineering
design process as the core component of the content has
been mandated to be available to all high school
students in the new national technology education
curriculum of Taiwan starting in 2019 (Taiwan Ministry
of Education [TMOE], 2018). The engineering-focused
curriculum involves using the engineering design process
to integrate STEM knowledge through participation in
engineering projects. The engineering design process
often includes defining the problem, identifying criteria
and constraints, generating ideas, evaluating potential
solutions, building and testing models or prototypes, and
optimizing solutions (Lin et al., 2021; Merrill et al., 2008;
NGSS Lead States, 2013).
The incorporation of engineering practices into high

school technology education provides opportunities but
also raises important questions about the preparation
and ability of technology teachers. Technology teachers’
knowledge, skills, and readiness to teach engineering
have been found to be limited. Few teachers have taken
engineering courses during preservice teacher prepar-
ation programs. Therefore, providing teacher profes-
sional development programs is urged to increase their
expertise in teaching the engineering design process and
developing STEM integration (TMOE, 2016). To that
end, a professional development program (PDP) was
developed and offered by the Ministry of Education of
Taiwan in 2017 to enhance technology teachers’ engin-
eering knowledge, including content knowledge (CK)
and pedagogical content knowledge (PCK), and allow
them to effectively deliver an engineering-focused
curriculum.
With the increasing emphasis on implementing an

engineering-focused curriculum in K-12 classrooms,
many researchers have identified some practical chal-
lenges or barriers, such as instructional materials, time
for planning and implementing STEM curriculum, and
administrative support, when implementing engineering
activities within classrooms (Hammack & Ivey, 2019;
Yaşar et al., 2013). However, little research has been
conducted to investigate teachers’ behavioral intentions
as they relate to teacher perceptions and beliefs about
the curriculum. As teachers’ prior views and experiences
influence their STEM instruction (Christian et al., 2021;
Margot & Kettler, 2019), it is important to understand
technology teachers’ perceptions and actual classroom
behavioral practices when teaching an engineering-

focused curriculum. Therefore, it is essential to deter-
mine the factors that influence teachers’ behavioral
intentions (BI) with respect to implementing an
engineering-focused curriculum. Such factors should be
taken into account when planning professional develop-
ment programs for pre- and in-service teachers, and
these programs likely have implications regarding the
successful implementation of the engineering-focused
curriculum and achievement of the goals for STEM edu-
cation (Kirchhoff & Lawrenz, 2011).
This research applied a revised theory of planned be-

havior (TPB)-based model (Pynoo & van Braak, 2014)
and proposed the technology teachers’ behavioral
intention model (TTBIM). In our proposed model,
teachers’ self-reported behaviors (SRB) and BI to imple-
ment an engineering-focused curriculum are explored in
terms of perceived ease of use (PEU), perceived useful-
ness (PU), beliefs (BF), subjective norms (SN), and per-
ceived behavioral control (PBC). More specifically, this
study investigated (1) whether the TTBIM can capture
technology teachers’ BI and (2) how the PDP influences
technology teachers’ BI. A detailed description of the
definitions is provided in the Theoretical Basis section.

Theoretical basis
Factors influencing the implementation of educational
programs
This study viewed the engineering-focused curriculum
as a kind of educational innovation, which is a new pro-
gram using different design thinking approaches for
technology teachers. Some factors could influence
teachers’ implementation in using educational innova-
tions. For example, Thibaut et al. (2018) indicated that
teachers’ attitudes positively affected their classroom
practices in STEM courses. In addition, Yoon et al.
(2014) pointed out that teachers’ beliefs in their abilities
positively affected students’ learning of engineering.
Moreover, Eccles and his colleagues proposed the EVT
model, which emphasizes that the social expectations of
an individual’s perception will affect their beliefs and the
individual’s perception of the expectations of others will
affect their perceptions of actual performance (Eccles
et al., 1983, p. 85).
However, the relationships among technology teachers’

belief factors that influence their actual behaviors are
complex. Many researchers have investigated the
influencing factors and proposed a potential model to il-
lustrate the relationships that influence teachers’ imple-
mentation of an innovative curriculum. On the basis of
teachers’ different characteristics, previous studies have
proposed models to investigate and illustrate the rela-
tionships that influence the implementation of teaching
practices. One such model, the theory of planned behav-
ior (TPB), was proposed by Ajzen (1991), who assumed
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that teachers’ actual behavior was associated with their
behavioral intentions. Behavioral intentions refer to atti-
tudes toward behavior, subjective norms, and perceived
behavioral controls. Behavioral attitudes are derived
from an individual’s knowledge and overall attitude
(Monroe et al., 2000), where an attitude comprises a set
of values, feelings, and motives toward a particular envir-
onment (Chien et al., 2018). Regarding subjective norms,
normative beliefs are mainly instilled through encour-
agement or pressure from society to embrace a particu-
lar viewpoint (Ajzen, 1985, 1991). Concerning perceived
behavioral control, control beliefs influence an individ-
ual’s likelihood of executing certain behaviors based on
factors including the availability of resources or oppor-
tunities (Ajzen, 1985, 1991; Lin & Williams, 2016).
Moreover, to determine how acceptable teachers’ im-

plementation of an innovative curriculum is, Davis et al.
(1989) extended and modified the previous model and
proposed the technology acceptance model (TAM). The
TAM emphasizes perceived ease of use, perceived use-
fulness, attitudes toward use, behavioral intention to use,
and then actual use. That is, teachers could accept a
model according to whether it is easy to use and
whether it can facilitate their teaching performance.
These two types of perceptions of teachers would conse-
quently influence their attitude toward use, the behav-
ioral intention to use, and their actual use.
One’s attitudes can include a person’s beliefs, emo-

tional reaction, and behavior (Fishbein & Ajzen, 1975).
In this study, we emphasize teachers’ beliefs in teaching
engineering-focused curriculum as their attitudes toward

using the curriculum. Beliefs about instruction are men-
tal constructions, which are central for teachers to effect
change and improve instruction (Richardson, 1994).
Consequently, teachers’ beliefs about whether they have
the knowledge, skills, and resources to successfully im-
plement a new curriculum impact their success in teach-
ing it (Carpenter et al., 1989; Rohaan et al., 2010; Van
Haneghan et al., 2015). Through these beliefs, we can
understand whether teachers’ attitudes toward the use of
the curriculum can help students apply STEM know-
ledge, solve problems, and understand engineering
careers.
The teacher characteristics were summarized by

Thibaut et al. (2018) based largely on the concept of
behavioral attitudes proposed by Ajzen (1991), with less
emphasis on SN and PBC. These two important factors,
SN and PBC, were also considered by Eccles’ EVT
(1983). The TPB is not concerned with the contextual
factors influencing teaching proposed by Thibaut et al.
(2018). When the TPB is invoked to explain learning
behavior, it is often assumed that the relationship
between BI and actual behavior is significant. However,
the results of several studies have not supported this
supposition (Agudo-Peregrina et al., 2014; Pynoo & van
Braak, 2014). To resolve this problem, Pynoo and Van
Braak (2014) integrated the technology acceptance
model with the TPB to generate a more effective model
for predicting educators’ behaviors, as Fig. 1 shows.
To explore the technology teachers’ behavioral inten-

tions, the current study adopted Pynoo’s integrated
TAM/TPB model, using beliefs to replace attitude, and

Fig. 1 Integrated TAM/TPB model. Adapted from Pynoo and van Braak (2014, p. 317)
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then transferred into the area of technology education
(see Fig. 2). Table 1 presents the definitions of these
constructs.

Professional development programs for teaching an
engineering-focused curriculum
Shulman (1986) argued that teaching development pro-
grams should not only emphasize content knowledge
and pedagogical knowledge but also consider peda-
gogical content knowledge. On that basis, various view-
points on teachers’ professional development have been
adopted. Darling-Hammond and Baratz-Snowden (2007)
identified three general areas of knowledge required to
become an effective teacher: (a) knowledge of learners;
(b) knowledge of the subject matter; and (c) knowledge
of the content and learners to be taught. Following their
review of earlier studies, Park and Oliver (2008) also
identified four subdomains of teacher knowledge: (a)
pedagogical knowledge; (b) subject matter knowledge;
(c) pedagogical content knowledge; and (d) contextual
knowledge. It was found that teachers’ professional ex-
pertise was reflected in their knowledge of the content
to be taught and their ability to teach it. In addition,
Stein et al. (2007) proposed a professional development
model for technology education emphasizing teachers’
institutional, pedagogical, and field/disciplinary know-
ledge, as well as theoretical, practical, and reflective
experience.
As engineering design activity is a pedagogical tool to

extend and enhance learning in an engineering project
(National Research Council, 2009), Hynes (2012) sug-
gested that content knowledge and pedagogical content
knowledge are central to teachers in an engineering
course. In terms of designing an engineering PDP,
Daugherty and Custer (2012) and McLaughlin (2002)

stated that both CK and PCK should be considered.
Additionally, Williams (2010) suggested that the core
knowledge required for delivering an engineering-
focused curriculum, such as mechanical and electronic/
electrical engineering, includes knowledge of engineering
design, process enterprises, the environment and the
community, and systems and control.
The PDP for technology teachers was developed by

the TMOE in 2017 based on the needs to improve
teachers’ engineering-related CK and PCK. The content
of the PDP was developed in a three-stage research
process that involves various methods, such as a litera-
ture review, expert interviews, and an online question-
naire survey. The first stage focused on a comparison of
the content differences and PCK needed between the
original curriculum and this new engineering-focused
curriculum to determine the content to be addressed in
the PDP. In the second stage, experts were interviewed
to examine the adequacy of the content identified in the
previous stage, which was further refined through rolling
correction. The third stage was a questionnaire survey
through which the opinions and suggestions of in-
service teachers concerning the PDP were collected and
assessed. More specifically, this PDP for technology
teachers is geared toward engaging them in active experi-
mentation and problem solving to become familiar with
the methodology of engineering and the processes of
engineering design. The PDP consists of three courses.
The instructional strategy adopted for these courses is to
organize the courses around practical project-based activ-
ities to assist teachers in implementing engineering design
and STEM integration. The following is a brief description
of the three courses (Fan & Yu, 2017).

1. Mechatronics and electromechanical control

Fig. 2 Proposed model of technology teachers’ behavioral intentions (TTBIM)
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The course aims to strengthen teachers’ CK and PCK
concerning mechatronics and electromechanical control.
The CK topics to be covered include electronic circuit de-
sign, circuit configuration, integration of transmission
mechanisms and control systems, programming and ap-
plications of microcontroller systems, sensors and control
applications, and equipment and techniques in electro-
mechanical control. The PCK topics include theories of
curriculum development, teaching material design, and in-
structional strategies to help teachers learn how related
teaching skills can be applied. Figures 3, 4, and 5 present
examples of the program implementation for these topics.

2. Mechanism and structure

The course aims to strengthen teachers’ CK and PCK
concerning the principles and applications of mechanical
design. The CK topics to be covered include mechanical
and structural design, engineering materials and their
applications, product development and manufacturing,
and applications of emerging technologies. PCK topics,

namely theories of curriculum development, teaching
material design, and instructional strategies, are included
to help teachers choose the appropriate teaching
methods. Figures 6, 7, and 8 illustrate the implementa-
tion of the “Mechanism and Structure” program.

3. Computer-aided design and manufacturing

The course aims to strengthen teachers’ CK and PCK
concerning computer-aided design and manufacturing
(CAD/CAM), enabling them to respond to students’
needs. Key CK topics to be covered in the course include
the basic principles, theoretical basis, and applications of
CAD/CAM (e.g., 3D graphics techniques, computer nu-
merical control, and 3D printing). The PCK topics in-
clude processes of technology design and engineering
design to help teachers understand how knowledge of
related techniques and equipment can be properly inte-
grated into the classroom. Figures 9, 10, and 11 illustrate
the implementation of the “computer-aided design and
manufacturing” program.

Table 1 Operational definitions of the latent variables

Variable Operational definition No. of items

Perceived ease of use (PEU) Teachers’ perception of the practicability of engineering-focused curriculum. 5

Perceived usefulness (PU) Teachers’ perception of the value of an engineering-focused curriculum. 4

Beliefs (BF) Teachers’ beliefs about teaching an engineering-focused curriculum. 3

Subjective norms (SN) Whether the positive or negative support given by important reference
groups will affect the teaching of an engineering-focused curriculum.

4

Perceived behavioral control (PBC) The ability of teachers to adjust or apply resources to implement an
engineering-focused curriculum.

6

Behavioral intentions (BI) Teachers’ behavioral intentions regarding teaching an engineering-focused
curriculum.

5

Self-reported behavior (SRB) The self-reported behavior of technology teachers in implementing an
engineering-focused curriculum in their school.

5

Fig. 3 Teachers discussed with each other during the PDP Fig. 4 Electronic circuit design and microcontroller systems applied
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Despite the efforts to promote PDP for technology
teachers in the last few years, little is known about how
teachers value and practice the curriculum. Teachers, who
are important to a student’s talent development, hold
prior views and experiences that influence their instruc-
tion (Margot & Kettler, 2019). In this study, we address
these issues by examining technology teachers’ percep-
tions of and practices in an engineering-focused curricu-
lum, drawing on a survey of technology teachers in high
schools. In particular, we aim to understand factors that
influence technology teachers’ beliefs and behavior regard-
ing the curriculum. We are also interested in investigating
how technology teachers, with or without a PDP, teach an
engineering-focused curriculum in technology classrooms.

Research questions and proposed model
The aim of the current study is to reveal and realize how
technology teachers’ actual usage of engineering-focused
curriculum is based on their beliefs, perceptions of, and
behavior while encountering the new curriculum guidelines.

Thus, the primary missions of this study are to examine
whether the TTBIM captures technology teachers’ BI and
the effects of the PDP on teachers’ BI. The key research
questions are as follows:

1. What factors influence technology teachers’
behavioral intentions with respect to implementing
an engineering-focused curriculum?

2. Does the PDP affect technology teachers’ behavioral
intentions to implement an engineering-focused
curriculum?

To answer the above questions, we enrolled 95 tech-
nology teachers in the present study. The central aim of
this study is to determine whether our proposed model
is useful for understanding teachers’ BI to implement an
engineering-focused curriculum and to quantify the as-
sociations among the model variables. The results
should thus be instructive regarding technology teachers’
BI to implement an engineering-focused curriculum.

Fig. 5 Circuit design illustration

Fig. 6 Mechanical toy design

Fig. 7 Truss bridge structure modeling

Fig. 8 Seismic structure application

Yu et al. International Journal of STEM Education            (2021) 8:48 Page 6 of 20



As described above, we proposed a model of technology
teachers’ BI (Fig. 2) and formulated the following research
hypotheses: (1) PEU is associated with technology teachers’
BF regarding an engineering-focused curriculum. (2) PU is
associated with technology teachers’ BF regarding an
engineering-focused curriculum. (3) PEU is associated with
technology teachers’ BI. (4) BF is associated with technology
teachers’ BI. (5) SN are associated with technology teachers’
BI. (6) PBC is associated with technology teachers’ BI. (7) BI
are associated with technology teachers’ SRB.

Methods
Sampling
According to the database of the Technology Education
Center, which is financially supported by the TMOE to
provide curriculum and instruction assistance for tech-
nology teachers, there are 211 technology teachers in the
email list. An online questionnaire was administered to
the 211 technology teachers between August 1 and
August 31, 2018, and 95 (45%) valid questionnaires were
obtained. Since only 95 technology teachers participated
in our study, we estimated that the appropriate sample
size in structural equation modeling should consider
both the ratio of indicators to latent variables and the
minimum effect in SEM at a given level of significance
and power (Westland, 2010). According to Westland’s

suggestion, the suggested sample size was 88 for power
= .80, α = .05, and the medium effect size was (R2) = .15,
while the structural model had seven latent variables
and 32 indicators. Since our sample size was slightly
greater than the suggested number, our data had the

Fig. 9 Teachers discussed how to apply CAD/CAM in teaching Fig. 10 Teachers discussed with each other during the PDP

Fig. 11 Product design through CAD/CAM
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minimum level of effectiveness to evaluate the structural
relationships among the variables.
The respondents were divided into two groups.

Teachers in the first group had participated in the PDP
(PDP group), while the other group included teachers who
had not participated in the PDP (NoPDP group). The PDP
group and NoPDP groups comprised 37 and 58 teachers,
respectively. As shown in Table 2, the participating
teachers were approximately three to one in terms of gen-
der (75% male and 25% female), had an average of 12
teaching hours per week (range 0–26 h), and came from
three types of schools (64.2% senior high school, 6.3%
comprehensive high school, and 29.5% high school).

Measures
The survey questionnaire included 32 items, including 5
on PEU, 4 on PU, 3 on BF, 4 on SN, 6 on PBC, 5 on BI,
and 5 on SRB. Table 1 lists the latent variables in this
study. Each questionnaire item was scored on a five-
point Likert scale ranging from (1) strongly disagree to
(5) strongly agree. Appendix 1 provides a more detailed
description of the questionnaire, the content of which
was examined by three technology and engineering edu-
cation professors and three senior high school technol-
ogy and engineering teachers. Cronbach’s α for each
scale ranged from .83 to .94, and Cronbach’s α for all 32
items was .96, indicating high internal consistency.

Data analysis
A two-step modeling approach (Anderson & Gerbing,
1988) was adopted to test our hypothesized model. In
the first step, confirmatory factor analysis (CFA) was
employed to examine the construct validity of our model
and investigate whether the questionnaire items
represented the latent variables well. Based on the rec-
ommendations of earlier studies (Bagozzi & Yi, 1988;
Comrey & Lee, 1992; Fornell, 1982; Harrington, 2008),

several validity criteria were utilized. For example, the
factor loading should be greater than 0.55, the coeffi-
cient of composite reliability (CR) should be greater than
.60, and the average variance extracted (AVE) for each
latent variable should be at least 0.50.
After determining the validity of our model, the relation-

ships among the latent variables were tested using structural
equation modeling. Goodness of fit was evaluated using mea-
sures recommended by earlier studies, including the chi-

square to degree of freedom ratio (χ2df Þ, the root mean square

error of approximation (RMSEA), the standardized root
mean square residual (SRMR), and the comparative fit index
(CFI). The chi-square ratio represents the obtained value of
the chi-square under the degrees of freedom. The RMSE in-
dicates whether our empirical model can fully represent the
covariance of the whole population; the SRMR indicates the
difference in the covariance residuals between the observed
and predicted covariance; and the CFI indicates the relative
improvement in the fit of our empirical model compared
with a statistical baseline model (null model). The current
study adopted the general rules for these indices, which in-
clude a standardized root mean square residual (SRMR)
below 0.08, a root mean square error of approximation
(RMSEA) below 0.10, a comparative fit index (CFI) above

0.95, and a chi-square to degrees of freedom ratio (χ2df Þ below
3 (Bentler, 1990; Bowen & Guo, 2011; Chen et al., 2008;
Schreiber et al., 2006).

Results
Descriptive statistics and correlation results
The average scores for all questionnaire items ranged from
3.26 to 4.46 (Appendix 2). These average scores indicate that
all of the questionnaires had a positive response. Moreover,
Appendix 2 shows that all of the latent variables passed the
normality test (i.e., an absolute kurtosis index less than 10
and an absolute skew index less than 3), as suggested by
Kline (2011, p. 63). Therefore, the maximum likelihood (ML)
estimation method was adapted to estimate the parameters
of the structural equation (Bollen, 1989). Correlations among
the items were also examined; in most cases, the correlations
were significant (Appendix 3). We also examined the reliabil-
ity of the 32 items (Appendix 4). The initial Cronbach’s α
values, provided above, indicated that the reliability of our in-
strument was acceptable (Cronbach, 1951); nevertheless,
upon consideration of these values together with the correl-
ation results, six items were removed due to low convergence
and low internal consistency (i.e., PEU1, PU4, BF3, PBC3,
BI1, and SRB1). Furthermore, the latent variable of BF had
only two indicators after delimiting the inconsistency indi-
cators. Bagozzi and Yi’s model assessment study (1988)
suggested the number of constructs and emphasized the
constructs’ internal consistency. That is, two indicators
are acceptable if they have a high level of internal

Table 2 The demographics of all participants

Items N Percentage

Gender

Male 71 74.7%

Female 24 25.3%

Teaching hours

0–5 h 20 21.1%

6–10 h 24 25.2%

11–15 h 9 9.5%

16 hours or above 42 44.2%

School types

Senior high school (10–12) 61 64.2%

Comprehensive high school (10–12) 6 6.3%

High school (7–12) 28 29.5%
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consistency in representing their constructs. Following
Bagozzi and Yi’s general rule, many empirical studies also
examine structural relationships by adopting two indica-
tors, such as the structural model of Kaiser et al. (2015)
and Chao (2012). Thus, the internal inconsistency was
recalculated, and the new values of Cronbach’s α ranged
from .84 to .96 (Appendix 4). The final questionnaire in-
cluded 26 items, on which the latent variables in the
TTBIM were based.

Confirmatory factor analysis
The CFA technique was used to confirm the convergent and
discriminant validity of the seven latent variables (i.e., PEU,
PU, BF, SN, PBC, PBC, BI, and SRB). Table 3 shows the stan-
dardized factor loading and residual estimates of the items
for each latent variable in both the initial and final models.
The fit indices derived from the CFA confirmed that the

final model had an adequate overall model-data fit.

Although the chi-square test showed a significant discrep-
ancy in the data fit for the final model (χ² = 443.86, df =

278, p < .001), the χ2
df was below 3 (1.60), suggesting a good

fit. This was supported by the other indices (RMSEA =
0.080 < 0.10, SRMR = 0.065 < 0.08, and CFI = 0.97 > 0.95).
The AVEs of the latent variables ranged from 0.69 to

0.87 (column 6 on Table 3), much higher than the cutoff
value of 0.5 (Fornell & Larcker, 1981). Thus, the AVE
and CR values indicated that the convergent validity of
the latent variables was acceptable. Furthermore, the
square roots of the AVEs were calculated to estimate the
discriminant validity. Table 4 shows that all of the
square root values were greater than those of the corre-
lations between each pair of latent variables, thus con-
firming the variables’ good discriminant validity. In
particular, the two indicators of beliefs were strongly as-
sociated with technology teachers’ beliefs rather than

Table 3 Statistics for the latent variables

Latent variable Item Standardized factor loading (SE) Residuals CR AVE

Perceived ease of use (PEU) PEU2 0.62a 0.62 .92 0.74

PEU3 0.94 (0.19)*** 0.11

PEU4 0.96 (0.19)*** 0.08

PEU5 0.87 (0.19)*** 0.24

Perceived usefulness (PU) PU1 0.86a 0.27 .93 0.81

PU2 0.95 (0.08)*** 0.09

PU3 0.89 (0.09)*** 0.22

Beliefs (BF) BF1 0.84a 0.29 .84 0.73

BF2 0.87 (0.10)*** 0.25

Subjective norms (SN) SN1 0.79a 0.38 .90 0.69

SN2 0.89 (0.12)*** 0.22

SN3 0.79 (0.13)*** 0.37

SN4 0.85 (0.13)*** 0.28

Perceived behavioral control (PBC) PBC1 0.84a 0.30 .92 0.71

PBC2 0.85 (0.10)*** 0.27

PBC4 0.88 (0.10)*** 0.23

PBC5 0.85 (0.10)*** 0.27

PBC6 0.79 (0.10)*** 0.38

Behavioral intentions (BI) BI2 0.91a 0.17 .96 0.85

BI3 0.96 (0.06)*** 0.08

BI4 0.95 (0.06)*** 0.09

BI5 0.86 (0.08)*** 0.25

Self-reported behavior (SRB) SRB2 0.85a 0.10 .96 0.87

SRB3 0.92 (0.05)*** 0.15

SRB4 0.98 (0.04)*** 0.03

SRB5 0.88 (0.06)*** 0.23

CR composite reliability, AVE average variance extracted
aThe factor loading was not estimated because the first item served as the reference value for estimation of the loading of the other items onto the same variable
***p < .001

Yu et al. International Journal of STEM Education            (2021) 8:48 Page 9 of 20



other latent variables, as the fourth column shows that
the correlation between beliefs and other variables
ranged from 0.41 to 0.77, which is smaller than 0.85.

Structural modeling
In the second phase of our analysis, the structural rela-
tionships illustrated in Fig. 1 were examined, and fit in-

dices were derived. The χ2
df was 1.58 (below 3), and the

other fit indices indicated that our structural model had
a good overall fit with the data (RMSEA = 0.078 [< 0.10],
SRMR = 0.073 [< 0.08], and CFI = 0.97 [> 0.95]). The
model shown in Fig. 12 was thus adequate to describe
the structural relationships among the latent variables.

Behavioral intention model
Our main aim was to determine the factors influencing
technology teachers’ BI with respect to implementing
the engineering-focused curriculum. As shown in Fig. 12,
BF was directly influenced by PEU (β = .21, p < .05) and
PU (β = .68, p < .001). BF had a nonsignificant effect on
BI (β = .17, ns.). In contrast, BI was significantly

associated with PU (β = .34, p < .01), SN (β = .22, p <
.01), and PBC (β = .37, p < .001). Finally, SRB was sig-
nificantly influenced by BI (γ = .55, p < .001).
Furthermore, 30.25% of the variance in SRB could be

explained by BI. On the other hand, PU, SN, and PBC
explained 11.34%, 4.84%, and 13.69% of the variance in
BI, respectively. Then, PEU and PU explained 4.41% and
46.24% of the variance in BF, respectively.
Table 5 shows the direct, indirect, and overall effects

of the latent variables on BI and SRB. BI was associated
with the overall effects of PU (0.45, p < .001), SN (0.22,
p < .01), and PBC (0.37, p < .001). No variable had a sig-
nificant indirect effect on BI, although PU had a direct
effect (0.34, p < .01). This result confirmed that PU ex-
erts an important influence on teachers’ BI with respect
to implementing the curriculum.
The technology teachers’ SRB regarding the curricu-

lum was associated not only with BI (overall effect =
0.55, p < .05) but also with PU, SN, and PBC through an
indirect pathway (0.25, p < .01; 0.12, p < .05; and 0.20, p
< .05, respectively). The effects of BF and PEU on SRB
were nonsignificant.

Table 4 Discriminant validity of the measurement model

Latent variable PEU PU BF SN PBC BI SRB

Perceived ease of use (PEU) (0.86)a

Perceived usefulness (PU) 0.53b (0.90)

Beliefs (BF) 0.56 0.78 (0.85)

Subjective norms (SN) 0.49 0.50 0.57 (0.83)

Perceived behavioral control (PBC) 0.82 0.49 0.60 0.62 (0.84)

Behavioral intentions (BI) 0.67 0.76 0.77 0.70 0.77 (0.92)

Self-reported behavior (SRB) 0.46 0.38 0.41 0.35 0.49 0.55 (0.93)
aValues along the diagonal in parentheses are the square roots of the average variance extracted (AVE)
bValues along the off-diagonal are the correlations between the latent variables

Fig. 12 The final TTBIM was based on the questionnaire data from 95 respondents. Solid lines indicate significant associations; dotted lines
indicate nonsignificant associations. Arrows indicate the direction of the relationships. Figures in parentheses represent the standard error (SE).
***p < .001; **p < .01; *p < .05
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Effect of the PDP on BI
To address research question 2, we devised a model to deter-
mine whether PDP participation influences the BI to imple-
ment the engineering-focused curriculum (Figs. 13 and 14).
In the PDP group, the associations of BI and PEU with

BF were nonsignificant, while in the NoPDP group, the
associations between PU and BI and between SN and BI
were nonsignificant. In the NoPDP group, the effects of
both PU and PEU on BI and SRB were mediated by BF.
Tables 6 and 7 show the direct, indirect, and overall ef-

fects of the latent variables on BI and SRB. In both groups,
the overall effect of PU on BI was the largest among all
variables (0.49, p < .001 in the PDP group; 0.34, p < .01 in
the NoPDP group). In the PDP group, PU had a nonsignif-
icant indirect effect and a significant direct effect on BI
(0.77, p < .001). However, in the NoPDP group, PU had a
significant indirect effect on BI (0.28, p < .001) and a non-
significant direct effect. BF mediated the effect of PU on
BI in the NoPDP group. These results indicated that

teachers who participated in the PDP may focus more on
the usefulness of the curriculum.
As shown in Table 7, in the PDP group, PU, SN, PBC,

and BI had significant overall effects on SRB (0.34, p <
.01; 0.25, p < .05; 0.15, p < .05; and 0.69, p < .001, re-
spectively). In the NoPDP group, only PU, PBC, and BF
had significant overall effects on SRB (0.14, p < .01; 0.17,
p < .05; and 0.19, p < .05, respectively).

Discussion
The results indicate that three main factors influence tech-
nology teachers’ BI to implement an engineering-focused
curriculum: PBC, SN, and PU. Our results also revealed dif-
ferences in the influencing factors between the two teacher
groups. PU had a direct effect on BI in the PDP group, while
its effect was mediated by BF in the NoPDP group. Mean-
while, SN had significant and nonsignificant effects on the BI
of the PDP and NoPDP groups, respectively.

Table 5 Direct, indirect, and overall effects of the latent variables on BI and SRB

Variable PEU PU BF SN PBC BI

on BI

Direct effect – 0.34 (.06)*** 0.17 (.12) 0.22 (.08)** 0.37 (.10)*** –

Indirect effect 0.04 (.03) 0.11 (.07) – – – –

Overall effect 0.04 (.03) 0.45 (.06)*** 0.17 (.12) 0.22 (.08)** 0.37 (.10)*** –

on SRB

Direct effect – – – – – 0.55 (.14)***

Indirect effect 0.02 (.03) 0.25 (.07)*** 0.09 (.10) 0.12 (.07)* 0.20 (.09)*** –

Overall effect 0.02 (.03) 0.25 (.07)*** 0.09 (.10) 0.12 (.07)* 0.20 (.09)*** 0.55 (.14)***

PEU perceived ease of use, PU perceived usefulness, BF beliefs, SN subjective norms, PBC perceived behavioral control, BI behavioral intentions, SRB
self-reported behavior
*p < .05; **p < .01; ***p < .001

Fig. 13 The TTBIM for the PDP group (n = 37). Solid lines indicate significant associations, and dotted lines indicate nonsignificant associations.
Arrows indicate the direction of the relationships. Figures in parentheses represent the standard error (SE). ***p < .001; **p < .01; *p < .05
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Interactions among perceived usefulness, attitude, and
behavioral intentions
This research used Pynoo and van Braak’s (2014) inte-
grated TAM/TPB model to explain technology teachers’
BI to implement an engineering-focused curriculum. The
results indicated that our model was effective in explain-
ing BI, except for the BF factor. One possible reason for
this result is that these teachers may lack confidence in
their ability to implement the curriculum in terms of re-
flection and analysis skills (Daugherty & Custer, 2012).
In our NoPDP group, PU affected BI only when BF was

positive. This result is in line with a study postulating that
the beliefs of teachers mediate their views, judgments, and
actions (Nathan et al., 2010). However, BF regarding the
engineering-focused curriculum had no influence on the BI
of our PDP group, perhaps because the PDP group realized
the value of an engineering-focused curriculum. This finding
corroborates the result of an earlier study that found that the
content of the curriculum and the teaching environment in-
fluence teachers’ beliefs regarding teaching engineering

(Yoon et al., 2014); the more positive the teacher’s BF, the
greater their intention to implement the curriculum, even if
their knowledge of it is low. However, when the teacher has
attained a good understanding of the curriculum or comes
to realize its usefulness, their BF will already likely be highly
positive, such that BF will have less influence on their BI.

SN affects teachers’ BI
For decades, research on teacher education concerned the ef-
fect of social norms on teachers’ BI (Agudo-Peregrina et al.,
2014; Pynoo & van Braak, 2014). Some researchers found
that SN had a weak influence on teachers’ BI (Kriek & Stols,
2010; Taylor & Todd, 1995). In our study, SN did not affect
the BI of the NoPDP group but did influence that of the
PDP group. This finding is in line with the study of Teo
(2011), who found that experienced teachers develop their
teaching style via accommodation and assimilation of their
prior experiences and knowledge. Thus, they may have a
more fixed perspective on teaching, thereby relying less on
outside resources or the suggestions of others. In the present

Fig. 14 The TTBIM for the NoPDP group (n = 58). Solid lines indicate significant associations, and dotted lines indicate nonsignificant associations.
Arrows indicate the direction of the relationships. Figures in parentheses represent the standard error (SE). ***p < .001; **p < .01; *p < .05

Table 6 Direct, indirect, and overall effects of the latent variables on BI by group

Variable PEU PU BF SN PBC

PDP model

Direct effect – 0.77 (.17)*** -0.34 (.20) 0.37 (.18)** 0.22 (.13)*

Indirect effect -0.03 (.06) -0.28 (.13) – – –

Total effect -0.03 (.06) 0.49 (.10)*** -0.34 (.20) 0.37 (.18)** 0.22 (.13)*

NoPDP model

Direct effect – 0.06 (.11) 0.48 (.18)* 0.15 (.08) 0.42 (.11)***

Indirect effect 0.16 (.09)* 0.28 (.10)* – – –

Overall effect 0.16 (.09) 0.34 (.08)** 0.48 (.18)* 0.15 (.08) 0.42 (.11)***

PEU perceived ease of use, PU perceived usefulness, BF beliefs, SN subjective norms, PBC perceived behavioral control, BI behavioral intentions, SRB
self-reported behavior
*p < .05; **p < .01; ***p < .001
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study, NoPDP group teachers had more teaching hours
(12.55 h per week) than PDP group teachers (11.16 h per
week); that is, NoPDP group teachers may nevertheless have
had their own fixed perspective on teaching, thus preferring
not to participate in the PDP. They may have believed that
they could tailor their teaching based on students’ interest in
the engineering-focused curriculum and teach students
through hands-on activities (see items PBC1 and PBC6 in
Appendix 1). They may also have believed that they could
deliver the engineering-focused curriculum simply by reading
the curriculum guidelines, thus resisting the pressure from
school administrators and educational authorities to partici-
pate in the PDP. These results indicate that for education re-
form and acceptance of the new engineering-focused
curriculum, teachers’ internal perspectives are more import-
ant than social expectations or norms.

Conclusion and implications
We constructed a model of technology teachers’ BI to imple-
ment an engineering-focused curriculum. Our conclusions
are as follows: (1) The model was adequate for determining
the factors influencing technology teachers’ BI. As the whole
model (Fig. 12) shows that the effects of BF and PEU on SRB
were nonsignificant, teachers may focus more on whether
the curriculum facilitates their teaching and students’ learn-
ing, as well as norms and support from administrators, par-
ents, and society as a whole.
(2) In the PDP group, PU, SN, and PBC were signifi-

cantly associated with BI. As the PDP model (Fig. 13)
shows that SN was a significant factor in BI and SRB, ad-
hering to SN may improve PDP group teachers’ per-
formance when they encounter new challenges.
(3) In the NoPDP group, PU and PEU were associated

with BI and SRB only via BF mediation. The NoPDP
model (Fig. 13) shows that PU and PEU only had indir-
ect effects on BI and SRB. These results implied that be-
liefs about teaching the engineering-focused curriculum
are dominant for NoPDP group teachers.

SN might be the most crucial factor in the decision of
technology teachers to participate in the PDP, especially for
teachers without a fixed perspective on teaching. To enhance
teaching performance, educators and policymakers should
target beginning teachers or young teachers without a fixed
perspective on teaching and devise a PDP and provide envi-
ronments that facilitate awareness among technology
teachers of the usefulness of the engineering-focused curricu-
lum. In addition to SN, the results showed that PU influ-
enced BI both directly and indirectly, likely because most
technology teachers are pragmatic (Bulleit, 2017), thus
assigning value based on utility. However, this is speculative
given the lack of relevant data and needs further exploration.

Limitations
Although this study advances our understanding of the fac-
tors that influence BI and SRB among technology teachers,
the following limitations should be noted. First, as a meth-
odological limitation, although we discussed the differences
between the PDP and NoPDP groups, the comparison was
limited by the small sample size. This may be because our
target population is very small in Taiwan, and we assume
that 45% of technology teachers was sufficiently representa-
tive of the whole population in the current study. However,
we still suggest conducting research with a larger participant
sample to examine the relationships among the TTBIM.
Such research might generate more findings with convincing
evidence regarding the two theoretical models (Chao, 2012).
Furthermore, our methodology would have benefitted from
the analysis of model invariance (e.g., Cheng et al., 2015).
Follow-up research examining differences in residuals, factor
loadings, and variables between PDP and NoPDP groups
could address this limitation.
This study also lacked follow-up data on teaching practices

or student learning performance. Moreover, self-report data
were obtained, which may not accurately reflect actual teach-
ing performance. Further studies on technology teachers’ BI
to implement an engineering-focused curriculum are thus
necessary. Students’ learning performance with respect to the

Table 7 Direct, indirect, and overall effects of the latent variables on SRB by group

Variable PEU PU BF SN PBC BI

PDP model

Direct effect – – – – – 0.69 (.18)***

Indirect effect -0.02 (.06) 0.34 (.12)** -0.24 (.20) 0.25 (.19)* 0.15 (.13)* –

Total effect -0.02 (.06) 0.34 (.12)** -0.24 (.20) 0.25 (.19)* 0.15 (.13)* 0.69 (.18)***

NoPDP model

Direct effect – – – – – 0.40 (.20)**

Indirect effect 0.07 (.06) 0.14 (.07)* 0.19 (.15)* 0.06 (.06) 0.17 (.11)* –

Overall effect 0.07 (.06) 0.14 (.07)** 0.19 (.15)* 0.06 (.06) 0.17 (.11)* 0.40 (.20)**

PEU perceived ease of use, PU perceived usefulness, BF beliefs, SN subjective norms, PBC perceived behavioral control, BI behavioral intentions, SRB
self-reported behavior
*p < .05; **p < .01; ***p < .001
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Appendix 1
Table 8 Questionnaire items addressing the latent variables

Indicator Definition/Description

Perceived ease of use (PEU): Teachers’ perception of the practicability of the engineering-focused curriculum.

PEU1 I think that the engineering-focused courses in the Curriculum Guideline of the Technology Learning Field are easy to understand.

PEU2 I think that the engineering-focused courses in the Curriculum Guideline of the Technology Learning Field are easy to implement.

PEU3 I think that I can plan the delivery of the engineering-focused courses in the Curriculum Guideline of the Technology Learning Field.

PEU4 I think that I can develop appropriate engineering-focused teaching activities based on the Curriculum Guideline of the Technology
Learning Field.

PEU5 I think that I can design appropriate engineering-focused learning assessments based on the Curriculum Guideline of the Technology
Learning Field.

Perceived usefulness (PU): Teachers’ perception of the value of engineering-focused curriculum.

PU1 I think that understanding basic engineering concepts is necessary for all citizens in the modern world.

PU2 I think that every student should complete basic engineering courses.

PU3 I think that engineering-focused courses should be compulsory in high school.

PU4 I think that schools should encourage interested students to take engineering-focused courses.

Beliefs (BF): Teachers’ beliefs about teaching the engineering-focused curriculum.

BF1 I believe that engineering-focused courses help students apply scientific and mathematical principles.

BF2 I believe that engineering-focused courses help students develop problem-solving skills.

BF3 I believe that engineering-focused courses can help students understand the requirements of engineering-related careers.

Subjective norms (SN): Whether the positive or negative support given important reference groups affect the teaching of an engineering-focused
curriculum.

SN1 I will teach engineering-focused courses because this is a requirement of the educational authorities (e.g., the Ministry of Education and
county or city education department).

SN2 I will teach engineering-focused courses because this is a requirement of school administrators (e.g., principals, academic directors).

SN3 I will teach the engineering-focused courses because this is a requirement for joint lesson preparation with other teachers and tutors.

SN4 I will teach engineering-focused courses based on advertisements in mass media
(e.g., newspapers, magazines, television, internet).

Perceived behavioral control (PBC): The ability of teachers to adjust or apply resources to implement the engineering-focused curriculum.

PBC1 I can develop or tailor my teaching activities based on students’ interest in engineering-focused courses.

PBC2 I can devise content for engineering-focused courses according to students’ experiences in daily life.

PBC3 I can teach engineering-focused courses in collaboration with interdisciplinary teachers.

PBC4 I can teach engineering-focused courses involving student projects.

PBC5 I can teach students to apply relevant scientific and mathematical knowledge through engineering experiments.

PBC6 I can teach students engineering design skills through hands-on activities.

Behavioral intentions (BI): Teachers’ behavioral intentions to implement the engineering-focused curriculum.

BI1 To implement the engineering-focused curriculum, I will participate in the PDP.

BI2 I am willing to implement the engineering-focused curriculum in my classes.

BI3 I intend to plan my teaching based on the engineering-focused curriculum.

BI4 I intend to teach based on the engineering-focused curriculum.

BI5 I intend to design learning assessments based on the engineering-focused curriculum.

Self-reported behavior (SRB): The self-reported behavior of technology teachers in implementing an engineering-focused curriculum in their school.

SRB1 I have already participated in the PDP.

SRB2 I have already implemented the engineering-focused curriculum in my teaching.

SRB3 I have already planned my teaching based on the engineering-focused curriculum.

SRB4 I have already taught based on the engineering-focused curriculum.

SRB5 I have already designed student evaluations based on the engineering-focused curriculum.
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Appendix 2
Table 9 Descriptive statistics of the indicators

Indicators Minimum Maximum Mean SD Skewness Kurtosis Indicators Minimum Maximum Mean SD Skewness Kurtosis

PEU1 1 5 3.78 1.044 − 0.689 − 0.219 PBC1 2 5 4.22 0.774 − 0.688 − 0.125

PEU2 1 5 3.26 1.034 − 0.256 − 0.632 PBC2 2 5 4.08 0.794 − 0.543 − 0.197

PEU3 1 5 3.76 0.919 − 0.671 0.495 PBC3 1 5 3.86 0.952 − 1.004 1.175

PEU4 1 5 3.78 0.901 − 0.792 0.807 PBC4 2 5 4.19 0.789 − 0.882 0.624

PEU5 1 5 3.63 0.935 − 0.473 − 0.273 PBC5 2 5 4.03 0.805 − 0.558 − 0.072

PU1 1 5 4.09 1.022 − 1.049 0.529 PBC6 1 5 4.09 0.787 − 0.706 1.046

PU2 1 5 4.14 0.985 − 1.031 0.374 BI1 1 5 4.28 0.907 − 1.56 2.745

PU3 1 5 4.07 1.034 − 1.153 0.953 BI2 1 5 4.32 0.829 − 1.34 2.172

PU4 2 5 4.45 0.696 − 1.278 1.773 BI3 1 5 4.19 0.867 − 1.082 1.24

BF1 2 5 4.36 0.798 − 0.997 0.125 BI4 1 5 4.26 0.815 − 1.245 2.145

BF2 2 5 4.43 0.739 − 1.053 0.244 BI5 1 5 4.14 0.895 − 1.186 1.847

BF3 2 5 4.46 0.712 − 1.133 0.614 SR-U1 1 5 3.35 1.343 − 0.366 − 1.04

SN1 1 5 4.07 0.89 − 0.886 0.686 SR-U2 1 5 3.49 1.166 − 0.563 − 0.445

SN2 1 5 3.96 0.922 − 0.749 0.267 SR-U3 1 5 3.58 1.048 − 0.667 − 0.082

SN3 1 5 4.04 0.922 − 1.001 1.167 SR-U4 1 5 3.52 1.11 − 0.613 − 0.221

SN4 1 5 3.78 0.958 − 0.354 − 0.464 SR-U5 1 5 3.44 1.137 − 0.498 − 0.374
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Appendix 4
Table 11 Validation of the 32 indicators (n = 95)

Variable/indicators Cronbach’s α Cronbach’s α if indicator deleted

PEU 0.893(5)a 0.902(4)b

PEU1 0.902c

PEU2 0.878

PEU3 0.850

PEU4 0.851

PEU5 0.865

PU 0.890(4)a 0.923(3)b

PU1 0.833

PU2 0.812

PU3 0.831

PU4 0.923c

BF 0.827(3)a 0.841(2)b

BF1 0.739

BF2 0.689

BF3 0.841c

SN 0.895(4)a –

SN1 0.877

SN2 0.835

SN3 0.880

SN4 0.867

PBC 0.920(6)a 0.924(5)b

PBC1 0.901

PBC2 0.899

PBC3 0.924c

PBC4 0.901

PBC5 0.901

PBC6 0.907

BI 0.938(5)a 0.956(4)b

BI1 0.956c

BI2 0.912

BI3 0.906

BI4 0.909

BI5 0.929

SRB 0.909(5)a 0.962(4)b

SRB1 0.962c

SRB2 0.863

SRB3 0.870

SRB4 0.858

SRB5 0.877

The numbers in parentheses show the number of indicators for each variable
aThe value shows the initial reliability for each variable
bThe value shows the reliability of the variable after item deletion
cThe indicators were deleted for better reliability
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engineering-focused curriculum should also be analyzed in
the future according to specific teaching practices, perhaps
using hierarchical linear modeling (e.g., the HLM in Kohnke
et al., 2010).
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