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Abstract—There is growing attention to STEM education in
Mainland China, especially because of the global
advancement of technology. The need for more skilled and
highly capable teachers of STEM Education therefore
increases. However, there is not enough research to
investigate the level of in-service teachers’ STEM competence
in Mainland China. Therefore, this study employed a survey
method to examine the perceived competency of 66 in-service
teachers in implementing STEM education in a nationwide
middle school STEM education pilot in Mainland China. The
adopted questionnaire is based on the four-dimensional
Technological Pedagogical STEM Knowledge Survey (TP-
STEMK). Descriptive analysis and T-tests were used for
guantitative data. The results of the study indicated that the
science-related dimension score was higher. However,
engineering-related dimensions and the ability to integrate
the former 3 factors were relatively lower. These teachers
have a relatively higher self-perceived STEM competence
than the median but lower than the whole average
competence of STEM teachers in Mainland China according
to the previous study, and besides that, there was
no statistically significant difference in the scores according
to gender.
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. INTRODUCTION

Many researchers are already focusing on teachers’
perceived competence in implementing STEM education
from general or specific single subjects, for example, Chai
et al. [1]. However, most of these studies adopted surveys
adapted from science-specific or general scales not
specially created for the STEM education field. Some of
these questionnaires were adapted from self-constructed
scales [2] which do not have a strong theoretical ground.
Unlike these studies, this study tried to assess in-service
teachers’ perceived competence to implement STEM
education by considering the combination of pedagogical
and technological factors with subjects and investigating
the possible gender differences in STEM competence. So,
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the Technological Pedagogical STEM Knowledge (TP-
STEMK) questionnaire combining the STEM subjects
and technological pedagogical content knowledge
(TPACK) model [3] was adopted in this study.

1.  LITERATURE REVIEW

A. Theoretical Framework: Technological Pedagogical
STEM Knowledge (TP-STEMK)

Chai et al. [3] developed the technological pedagogical
STEM knowledge questionnaire (TP-STEMK) based on
the TPACK theory. With high relevance, the instrument
was adopted in this research. As shown in Fig. 1, the
framework incorporates 4 dimensions, of which 3
dimensions are related to STEM knowledge: 1)
knowledge of technological pedagogical mathematics
(TPMK), 2) knowledge of technological pedagogical
engineering (TPEK), and 3) knowledge of technological
pedagogical science (TPSK). The fourth dimension
represents the ability to integrate the former 3 factors
called integrated STEM (iISTEM). The TPMK, TPEK,
and TPSK are distinguished by the role of the technology
they used: Mathematics uses technology focused on
numerical data collection, calculating and modelling;
engineering uses technology to emphasize the
presentation of questions and solutions as a tool to aid the
design; science with technology is to search and organize
information [3]. Based on teacher efficacy studies and the
TPACK framework literature [4], TPACK is a seven-
factor model, and it considers each key subject in the
STEM field. Seven factors seem too many to be measured
in the research, so TP-STEMK with four factors is more
appropriate and thus applied in this study. This model
reflects the new standard of professional knowledge for
teachers in the twenty-first century [3]. This survey scale
had been tested in limited research and found valid and
reliable in investigating the perceived competence of
teachers’ implementing STEM education in pre-and in-
service mathematics, science, and technology teachers in
Mainland China and Turkey [3, 5, 6]. The significance of
TP-STEMK lies in the integration of technology,
pedagogy, and content knowledge. This model is the first
tool particularly designed for STEM Education. There is
not much research using this tool to investigate teachers’
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STEM competence, so this study could contribute to this
field.
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Fig. 1. This study’s theoretical framework: Teachers’ perceived
competency in implementing STEM education.

B. Teachers’ Perceived Competence

Teachers’ perceived competence indicates the
perceived ability in in-class teaching and the capability of
fixing various teaching problems. Teachers’ competence is
the knowledge and skills which make teachers successful.
Teachers’ teaching competence is important for students’
achievements and especially, teaching quality is vital for
students’ learning [7] and students’ success is significantly
influenced by teachers’ professional knowledge and
pedagogical expertise [8]. So, teachers with low capacity
could not meet the real needs of students. From this view,
investigating the teachers’ competence in STEM education
is necessary for students’ STEM learning. Among various
aspects of teachers’ competence, Information
Communication Technology (ICT) competence is
considered an important component for future teachers [9]
and pedagogical competencies are key to effective
education [10]. When teaching ability is not directly
measured, perceived teaching ability is a reasonable
alternative. Although there is a gap between perceived
competence and real competence, teachers’ perceived
competence is a legitimate and formative estimate of
teachers’ real competence [11]. Besides, evidence has
shown that perceived competence in skills in design and
teaching is mostly close to teachers’ real teaching
competence [12].

C. Gender Differences and Teachers’ Competency

The number of female teachers is usually higher than
that of male teachers in children’s education. Taking
information technology which is one more the core
disciplines of STEM education as an example. Studies
have shown that there is no gender difference in
information technologies knowledge teaching capacity
[13]. However, other research showed the opposite view
that there is an existing significant difference in gender in
information technologies competence among teachers
[14]. Although there are many studies on the ability
difference between male and female teachers, there is little
research on the influence of gender differences on teaching
ability in STEM fields. Therefore, it is worth paying
attention to whether there is any difference between female
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teachers’ abilities and male teachers’ abilities in STEM
teaching.

I1l. MATERIALS AND METHODS

There were 66 teachers from this pilot middle school of
STEM education in Inner Mongolia in Mainland China as
the participants in this study, which used a survey research
design.

A. Research Questions

Considering the investigation of teachers’ perceived
competence in conducting STEM education in Mainland
China is limited as there are only a few researches such
kind of the study by Dong et al. [15], Song and Zhou [16],
and responding to the new requirements for 21st-century
teachers, we should first consider the state of teachers’
competency in STEM education. The following are the
study’s research questions:

(1) How do teachers perceive their competence in
implementing STEM education in a pilot middle
school of STEM education?

(2) Are there differences among the teachers’
competence scores in TPSK, TPMK, TPEK, and
iSTEM arising from gender?

B. Research Method and Data Analysis

Due to resource constraints, this study only included
66 math, science, and technology teachers from a STEM
pilot middle school in Mainland China. In this study, a
survey method was used, as illustrated in Fig. 2. The
process of data access is as follows: Firstly, 66 science,
math and technology teachers were invited through
random sampling in a pilot middle school in Mainland
China to finish a TP-STEMK questionnaire [3] with a 7-
point Likert scale (strongly disagree-1, disagree-2,
somewhat disagree-3, unsure-4, somewhat agree-5,
agree-6, and strongly agree-7). After quantitative data
collection, descriptive analysis and T-test analysis were
adopted to draw a conclusion.
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Fig. 2. Entire research design.

C. Quantitative Approach: Chai et al.’s Questionnaire
on Teachers’ Perceived Competence in Implementing
STEM Education

The TPEK, TPMK, TPSK, and iSTEM components of
teachers’ competency were assessed by using a 7-point
Likert scale questionnaire. This survey scale includes 5
items for TPMK and 4 items for the each of rest of the
perceived competence, which is in total 17 items. To
better suit the language of teachers in Mainland China,
the questionnaire was translated into Chinese when
collecting data.
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IV. RESULT AND FINDINGS

A total of 71 questionnaires were collected, of which 66
were valid questionnaires, and 5 were invalid
questionnaires because those teachers did not have STEM
education experience and therefore were not regarded as
teachers of STEM education.

A. Background of Participants

Table I shows the background of the participants in this
study. Among them are 41 female teachers (62.12%) and
25 male teachers (37.88%). Among the teachers
participating in the research, the number of teachers with a
scientific background is the largest, with a total of 39
(59.09%), followed by mathematics, with 26, accounting
for 39.39%, and the last is technology teachers, with 2
teachers. From the perspective of teaching age, most of the
teachers have more than 10 years of teaching experience
(27 participants), and the number of teachers with 3-5
years of teaching experience is the least, with a total of 8
people.

TABLE I. THE CHARACTERISTICS OF THE PARTICIPANTS

Teachers Frequency Percentage

Gender Woman 41 62.12%
Man 25 37.88%
Science 39 59.09%
Branch Math 26 39.39%
Technology 2 3.03%

Others 0 0

Less than 3 years 19 29%
Teaching 3-5 years 8 12.12%
age 6-10 years 12 18.18%
More than 10 years 27 40.91%
Total Teachers 66

B. Research Question 1: Teachers’ Perceived
Competence in Implementing STEM Education

TABLE Il. RESULTS OF TEACHERS’ PERCEIVED COMPETENCE IN STEM

EDUCATION
Dimension Mean Score
Technological pedagogical science 511
knowledge (TPSK) '
Technological pedagogical mathematics 491
knowledge (TPMK) '
Technological pedagogical engineering 495
knowledge (TPEK) '
Integrative STEM (iISTEM) 4.34
Overall average score 4.6525

As shown in Table I, the results of the questionnaire
show that the average score of the four dimensions of
STEM teachers’ perceptual ability is: 5.11 in TPSK, 4.91
in TPMK, 4.25 in TPEK and 4.34 in iSTEM. In other
words, their knowledge of technological pedagogical
science was especially higher. This may imply that
teachers have more confidence in the science domain when
implementing STEM education.  However, their
knowledge of technological pedagogical engineering and
the ability to integrate the former 3 factors were relatively
lower. To sum up, the overall average score is about
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4.6525 which is higher than the median number (3.5) of a
total 7-point scale, but lower than the average score in Chai
et al. [3]’s paper (5.1225), which investigated the average
STEM competence of teachers in Mainland China,
indicating that the teachers in this school generally have
relatively lower self-perceived STEM teaching ability.

C. Research Question 2: Gender Differences in
Subfactors of TP-STEMK

As stated, besides investigating teachers’ perceived
competence in implementing STEM education in a pilot
middle school of STEM education, this study also
investigated whether there are possible differences arising
from gender. Tables Il and IV show that there is no
statistical difference between teachers’ overall scores and
gender, where P = 0.156 and t(64) = —0.25. There is also
no statistical gender difference in the four dimensions of
TP-STEMK, as for the iSTEM dimension, P = 0.054,
t(64) = —0.428, and for TPEK, P = 0.228, t(64) = 0.301,
and for TPMK, P = 0.599, t (64) = —0.15, and for TPSK,
P =0.487 and t(64) = —0.694. Also, it is showed females
have a little higher competence than males in terms of
average scores. Nevertheless, regarding their ability to
integrate the former 3 factors, the result is close to
significant (p = 0.054) and this phenomenon seems worth
further study. Supplementary information can be found in
Fig. 3.

TABLE Ill. TEACHERS’ SCORES OF SELF-PERCEIVED TEACHERS’
COMPETENCIES BY GENDER

Gender Mean score
Female 4.7
Male 4.62

TABLE IV. T-TEST RESULTS OF TEACHERS’ TOTAL SCORES, ISTEM,
TPEK, TPMK, AND TPSK SCORES BY GENDER

F p t df
Total Score 2.056 0.156 -0.25 64
iSTEM 3.843 0.054 —0.428 64
TPEK 1.48 0.228 0.301 64
TPMK 0.279 0.599 -0.15 64
TPSK 0.49 0.487 —0.694 64
25 23
20
15 10 :
10 73 6
5 2—2 l I
0 [ |
[1,2.5) [2.54) [4,5.5) [5.5,7)

The total average score of TPSK, TPMK, TPEK and
iSTEM
mfemale mmale

Fig. 3. Bar chart of total average score scores by gender and score range.

V. DISCUSSION

In our study, we investigated teachers’ perceived STEM
competence. The findings could provide some evidence
for the average pioneer STEM teacher’s competence in
economically underdeveloped areas in northern China and
could give insight into future STEM teachers’ education.
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A. Teachers Perceived Competence in STEM Education

According to Ging& and M(tahit [5]’s research using
the TP-STEMK questionnaire, teachers’ scores in TPEK
and iISTEM are the lowest. This result is very similar to
those of this study, in which teachers’ self-perception
ability is the highest in TPSK, with an average score of
5.11, followed by TPMK, iSTEM, and TPEK scores are
4.91, 4.34, 4.25, respectively. This result is similar to the
previous study [3], which also shows that STEM teachers
lack engineering technological knowledge in the research,
but the specific scores for each item were lower than those
in Chai et al. [3]’s paper, 5.36 (TPSK), 5.16 (TPMK),
5.05 (TPEK), 4.92 (iSTEM), suggesting that this school’s
teachers’ STEM skills were below the national average for
STEM teachers. At the same time, the standard deviation
of scores of teachers in this school for each dimension is
higher than the corresponding standard deviation value in
Chai et al. [3]’s paper, which indicates that teachers in
this school have great differences in STEM perception
ability, which may be one of the reasons for the low
average score. Nevertheless, it still shows that teachers in
this school generally have a relatively higher level of
perceptual STEM teaching ability than the median 3.5.
There are no significant differences by gender, which is the
same as the research result from Chai et al. [3].

(1) Technological Pedagogical Science Knowledge
(TPSK) Dimension

Among the four dimensions, the teachers have the
highest level of TPSK. This may be related to the subject
background of the participants (see Table 1), and more
than half of the STEM teachers have a science background:
the number of teachers with a scientific background is the
largest, with a total of 39 (59.09%). Thus, they may have
been exposed to TPSK-related content during university
study and then have the highest score in this item. This also
shows that in this school, teachers have higher confidence
in coping with science-related issues when implementing
STEM education, which is also consistent with Postareff
and Lindblom-Yl&ne [17]’s research, which means that
teachers are more confident in their own teaching in the
field.

(2) Technological Pedagogical
Knowledge (TPMK) Dimension

In the TPMK dimension, teachers’ self-perception of
teachers’ competence is weaker than that of TPSK but
generally relatively high. The main reason may be that
although there are fewer math teachers than scientific
teachers (see Table I), almost all of them have a certain
mathematic foundation and thus TPMK’s ability is
relatively higher among the four dimensions.

(3) Technological Pedagogical
Knowledge (TPEK) Dimension

It is worth noting that teachers’ iISTEM scores are higher
than TPEK scores in this study, and TPEK scores are the
lowest. This means that the teachers at this school
generally perceive that they have the worst ability in the
field of engineering. The possible reason is that in
mainland China, especially in remote places, such as Inner
Mongolia, junior high school teachers have the least
opportunity to conduct engineering-related courses, and

Mathematics

Engineering
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teachers are more familiar with basic subjects such as
mathematics and physics. Another reason may be that the
total number of teachers participating in the questionnaire
is not large enough, and the results have certain deviations.
Therefore, it is very important for schoolteachers to
cultivate their ability in the TPEK field. Obviously,
teachers generally lack relevant engineering design
background and experience. Only by strengthening their
own engineering design knowledge can teachers improve
their ability, so, partnering with an engineering program or
teachers of engineering majors in the future can be
considered. There are already relevant cases In the West
that combine engineering and STEM, for example, the
case implemented by Burrows et al. [18], while China
generally lacks such practices nowadays.

(4) Integrative STEM (iISTEM) Dimension

In the iISTEM dimension, the teacher’ scores are
relatively weaker among the four dimensions, but they are
still higher than the median of 3.5. It shows that teachers’
ability to integrate the former 3 factors was relatively
lower even though this is key for effective implementing
effective STEM education. Nevertheless, this is a common
phenomenon in a school in the early period of
implementing STEM education [19].

VI. CONCLUSION

A. Summary

This study investigated the STEM self-perception
ability of teachers in a national STEM education
demonstration school in Inner Mongolia, by examining
four dimensions: TPSK, TPMK, TPEK, and iSTEM. By
using the questionnaire of Chai et al. [3] to investigate
these four aspects, the teachers at this school have the
highest results in TPSK self-perception ability (average
5.11), followed by TPMK (average 4.91), then iSTEM
(average 4.34), and finally TPEK (average 4.25), which
answered the first research question, these teachers have a
relative higher competence in STEM Education than the
medium 3.5 but lower than the average score of teachers
in Mainland China by Chai et al. [3]. And these findings
are generally consistent with previous research as stated in
the discussion part. For the second research question,
although this sample, showed females have a little higher
competence than males, there are no significant statistical
differences in overall all 4 dimensions of TP-STEMK.

Little literature about perceived competence focused on
engineering design and technological pedagogical
knowledge is important for 21st-century education,
especially in Mainland China. There is little research
focused on gender differences in the STEM education field.
All these show that this study could contribute to this area
and provide evidence for future STEM teacher education
studies.

B. Limitation and Implications for Future Study

There were certain limitations in this study. Although
teachers’ ability score is relatively higher than the median
of 3.5, these figures could only represent the pioneer
STEM teachers> STEM competence in economically
underdeveloped areas in north China, so, more research
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needed to be conducted to collect more data for ordinary
teachers in Mainland China to figure out the real level of
STEM competence of teachers and the sample size is small,
only a STEM pilot middle school in Inner Mongolia was
sampled. It is suggested that a larger sample could be
drawn in the future, and teachers could be randomly
selected from different cities for STEM perception ability
so that the results are more representative. In the future,
some open-ended instruments could be developed to
comprehensively evaluate teachers’ knowledge in TP-
STEM and one-on-one interviews also can be used to
qualitatively investigate teachers’ understanding of
STEM education and self-assessment of their ability to
implement STEM education to find out their
difficulties and challenges in implementing STEM
education, and therefore explain the reasons for the
low score in the questionnaire, especially in TPEK.
Nevertheless, this study adopted a TP-STEMK survey
and collected the questionnaire data of STEM teachers
in remote areas in Mainland China, making a certain
contribution to future research in teacher education.
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