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Abstract: This research investigates the factors that influence pre-service science teachers'
conceptualization of STEM education. The factors involved STEM self-efficacy, STEM
anxiety, science content knowledge, and mathematics content knowledge. The survey
method was utilized in this research to collect a huge number of respondents at one time.
The participants were 604 pre-service science teachers in Indonesia with different
backgrounds (physics Education, biology education, chemistry education, Ingrate of Science
education, and primary school education). The instruments were developed and share with
participants using a google form to avoid the items that the participant did not fill in. The
data analyzed using STEM showed that science content knowledge, STEM self-efficacy, and
STEM anxiety were influencing the conceptualization of STEM education. This research
suggested that to improve the quality of STEM education in the classroom. Pre-service
science teachers should understand the concept of the content taught.

Keywords: factors on STEM education; STEM; Self-efficacy; and content knowledge
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Introduction included in these skills. Additionally, the ability to
develop a design solution in an engineering context also
The integration of science, technology, gives a varying understanding of STEM education

(Rinke, et al., 2016). The point in the knowledge of STEM
education for a teacher is that preparation of the

engineering, and mathematics has been explored in the
research in the Indonesian context. For example,

Mutakinati, et al. (2018) implemented STEM education
to boost the critical thinking skills of a junior high school
student. Other research from Sulaeman, et al. (2021)
focuses on the infused of engineering design on STEM
education. That research reinforces that STEM education
is still a recent issue in science education.

To support the implementation of STEM
education, educators should develop specific skills that
express STEM pedagogical knowledge (Wojnowski &
Pea, 2014). The integration of STEM knowledge must be

*Email: pramudya.fkip@unej.ac.id

preservice science teacher to teach STEM effectively in
the classroom is also necessary to be conducted (Bybee,
2013; Erdogan & Ciftci, 2017). Research on STEM
education suggested that the mastery of content
knowledge and teacher belief improved the quality of
teacher’s ability to teach STEM in the classroom
(McFadden & Roehrig, 2019). Content knowledge has
the rule to connect between subjects in the STEM
concept. Instance, research found that the way to teach
STEM could be started as a science context to develop

Copyright © 2021, Author et al.
This open access article is distributed under a (CC-BY License)
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STEM learning stages in technology and mathematics
(Ring, et al.,, 2017). However, the pre-service science
teachers’ understanding of multidisciplinary subjects
such as science and mathematics was lacking. Treating
STEM education has no adequate confidence to develop
STEM instructional design (Pimthong & Williams, 2018).

The mastery of teachers toward subject matter has
an essential role in running STEM education for the
future. Furthermore, Gess-Newsome (2015) claimed that
mastery of content subject matter knowledge could
better influence the delivery of content to students
because teachers have high self-efficacy.

Self-efficacy is a cognitive and behavioral theory
that is commonly known as social cognitive theory. This
theory appears from the interaction between beliefs,
behaviors, and environment (Bandura, 1999). Then, the
teacher's self-efficacy indicated the teacher’s confidence
in influencing students' learning (Guskey & Passaro,
1994; Hammack & Ivey, 2017). Teacher self-efficacy in
STEM education can improve students' understanding
of STEM education (NRC, 2012). Some research was
conducted to investigate the interrelationships between
self-efficacy and teacher knowledge of STEM education.

The research on STEM self-efficacy has been
developed, creating an instrument to convince the
understanding of STEM education for the STEM
teachers. For example, Hammack & Ivey (2017) utilized
teacher’s engineering of self-efficacy to explore the
teacher's understanding of STEM education. In the
finding, low teacher performance on the engineering
self-efficacy and pedagogical knowledge to infuse the
engineering in STEM education. Other research DeCoito
& Myszkal. (2018) suggested that the STEM pedagogical
knowledge should be investigated in the relation
between teacher mastery of content knowledge, teacher
belief, and the understanding of STEM concepts.

There are several concepts on STEM education
that have been found in recent research. The concept
starts with STEM as a single subject, STEM as
multidiscipline, STEM as inter-discipline, and STEM as
trans-discipline (Roehrig, et al., 2021). Before the
research about the conceptualizing of STEM education,
several concepts about bridge to integrating between the
concept of science, technology, engineering, and
mathematics have been found (Ring, et al., 2017). The
bridge also included the real-world problem as an
integrating in STEM discipline (Johnson, 2013;
Stohlmann, et al.,, 2012). Therefore, the practices in
STEM education require problem-solving skills and
inquiry-based instruction for the students.

This research aims to explore the factors that
influence of conceptualization of STEM education to
Indonesian pre-service science teachers. The questions
research was developed to guide this research: What is
the relationship between STEM self-efficacy and content
knowledge towards the understanding of pre-service
science teachers toward STEM education?

Methods

This research utilized the survey methods to
investigate the correlation between pre-service science
teachers' conceptualization in STEM education, STEM
self-efficacy, STEM anxiety, science content knowledge,
and math content knowledge. The survey was in this
method because this research was addressing to collect
a huge number of participants.

The number of participants in this research was
604 pre-service science teachers collected from five
universities on one island in Indonesia. The selected
university must meet the criteria which had been set
before. One of the criteria should have STEM subjects in
their curriculum so that pre-service science teachers
understand STEM education practices. The participants
are also from different backgrounds in the third year of
four-year program in the bachelor's degree. The total
number of participants was shown in Table 1.

Table 1. Participants in this research

Background N Total (%)
Physics 211 35
Biology 99 26
Chemistry 40 7
Integrated science 115 19
Primary school education 139 23

The instruments were developed in several
items, including STEM self-efficacy, STEM anxiety,
science content knowledge (focus on the energy), math
content knowledge (focus on the algebra), and
conceptualization of STEM education. The instrument
used the Likert Scale in points 1 (strongly agree) - 6
(strongly disagree). Those instruments were shared with
the participants using a google form to get the result
quickly and accurately. The advantage in this way was
that the pre-service science teacher should answer all the
questions given without an empty one of them. Table 2
indicates the meaning of the factors.
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Table 2. The definition of the factor used in this research

Factors Definition
STEM self-efficacy Teacher’s ability to make sure for students” understanding of STEM
STEM anxiety The loss of confidence in STEM education

Energy Content knowledge

Mathematics content knowledge
algebra)
Conceptualization of STEM education

The mastery of the material in natural science (this research focuses on the
energy concepts)
The mastery of content knowledge in mathematics concepts (this research was

Teacher understanding of STEM concepts

Structural Equation Modelling (SEM) was used to
analyze the result in this research. SEM informed the
correlation between factors so that it could be studied
more in detail. The criteria fix the model in SEM was
following from the Byrne (2012). A model will be valid
when the model meets with a specific character. (1) RMS
value less than 0.05; (2) GFI and AGEFI close to 1
(Joreskog & Sorbom, 1993); (3) PGFI value 0.05; (4)
RMSEA less than 0.05 (MacCallum et al.,, 1996); (5)
PCLOSE more than 0.50.

The SEM was implemented to evaluate the
theoretical model that investigates the way factors
influenced of conceptualization of STEM. Using the SEM
analysis could represent a path diagram that estimated
a regression of structural relationship between factors
(Mueller, 1999).

The hypothesis in this research was the
relationship between the factors. The STEM self-efficacy,
STEM anxiety, Science content knowledge, mathematics
content knowledge would influence of
conceptualization of STEM education.

Result and Discussion

The research purpose was to explore the
connection between STEM self-efficacy, STEM anxiety,
and STEM conceptualization. The hypnotize model was
described in Figure 1.

Maodel hypothesis

006 STEM Anxiety

021

Science content
knowledge

Conceptualization of
STEM education

Mathematics content
knowledge

0.28
0.14 STEM self-efficacy

Figure 1. The model of the hypothesis that correlation
between the factors

Based on the Figure 1. the model was evaluated
with SEM. The fit model was valid with the analysis:

x2(37) 43.970 P <0.05 = 0.00 GFI = 962; AGFI = 930; PGFI

= 540; CFI = 930; RMSAE = 0.029; PCLOSE = 0.818. This
fit model showed that the correlation between factors
could be analysis in detail in Table 3.

Table 3. the correlation between factors

Factors Min Max Mean A B C D
A 1 6 4.46

B 1 6 4.05 23*

C 2 6 4.21 26 18*

D 1 5 3.28 .07 .06*  -19*

E 2 5 4.20 28% .07 31* 12*

Note: A =Science content knowledge, B = Math content
Knowledge, C= STEM self-Efficacy, D= STEM anxiety, E=
STEM conceptualization; *the correlation is significant at 0.05
level (2-tailled)

The correlation between the factors was shown in
the SEM model that the conceptualization of STEM
education was influenced by science content knowledge,
STEM self-efficacy, and STEM anxiety. The STEM self-
efficacy and STEM anxiety had a negative correlation
between them. Furthermore, the math content
knowledge was no correlated to STEM self-efficacy. The
example of the items that showed the STEM
conceptualization described in figure 2.

Code Item test Mean SD Factor
loading

STEM conceptualization

CON1 STEM focuses on engineering and mathematical ~ 4.015  1.058 866
problems.

CON3 STEM is more technical than humanities (e.g., art, 3.963 975 548
languages, reading, etc.), offering limited
possibility of integration with it.

CON4  STEM must involve all the subjects that constitute 4.308 1.033 (680
it.

CON 5  Engineering and technology require more 3214 1.016 844
mathematical than scientific knowledge.

CON 6  STEM subjects are based on a ranking system 4382 1.044 735
(e.g., science is in the majority compared to
technology, engineering, and mathematics).

CON7 Mathematics is an independent subject, whereas 3.633 1.179 618
science, engineering, and technology are
connected.

S E
M

CONZg Mathematics and engineering belong to the same 3.811 1.069 00
field, and that the four subjects involve hands-on
activities.

Figure 2. the example of items in STEM Conceptualization
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This study was focus on the investigation of
factors that influenced the conceptualization of STEM
education. The results showed that not all factors were
significant to influence the conceptualization of STEM
education. Three factors give a positive correlation to the
conceptualization of STEM education for pre-service
science teachers.

The pre-service science teachers should mastery
on the content knowledge because content knowledge
was the essential element to be taught in a classroom.
Stohlmann, et al. (2012) stated that the STEM education
center is an integration between the subjects. This way is
the key to success in the implementation of STEM
education. Also, in STEM education, pre-service science
teachers should learn mastery of content knowledge.
The results were in resonance with the previous study
that the implementation of STEM education needs the
support of STEM content knowledge (Putra & Kumano,
2018). The more advanced content knowledge in STEM
education facilitates pre-service science teachers to
connect the concepts thought in the classroom (Kelley &
Knowles, 2016). For example, in this research, the focus
of content for pre-service science teachers was on
energy. The concept was tested for the pre-service
science teacher in one aspect of energy and gave the
crosscutting concept between energy in physics,
chemistry, and biology. This finding might suggest that
more content knowledge training for pre-service science
teachers would improve quality for STEM teachers.

The content knowledge also gave a direction
fluency in their STEM conceptualization and self-
efficacy. Palmer et al. (2015) found that the
understanding of content knowledge for pre-service
science teachers improved their confidence to teach
science and STEM education in the classroom.
Hammack & Ivey (Hammack & Ivey, 2017) could
develop an instructional design well for the classroom
when the pre-service science teacher has sufficient
knowledge about the content. Additionally, the pre-
service science teacher most effectively implemented
STEM education at the school when they mastered
content knowledge (DeCoito & Myszkal, 2018). The
result was strengthened by Bandura (1988) that self-
efficacy had a positive effect on individual performance.
This situation supports the study on this research that
conceptualization of STEM education might improve the
pre-service science teacher performance because of their
understanding of STEM content knowledge and their
confidence to bring STEM education approach in the
classroom.

Mastery in science and mathematics content
knowledge was not described as a significant
relationship toward STEM anxiety. It meant that the
mastery of science content knowledge and mathematic
content knowledge did not directly affect the anxiety of

pre-service science teachers on STEM education.
However, this research shows that STEM anxiety
influences pre-service science teachers' understanding to
conceptualize STEM education. Senler's. (2016) study
supports that the pre-service science teacher's anxiety
about something would influence the pre-service science
teacher's ability to teach science in the classroom. This
research emphasized that anxiety for pre-service science
teachers cloud give effect pre-service science teacher
understanding about STEM education. This research did
not involve a mathematics background for the
participants. For this reason, it provides a result that
mathematics content knowledge was not significant
toward the conceptualization of STEM education.

When conducting the research, the limitation rose
in the result only describing the understanding of pre-
service science teachers toward STEM education. The
methods for investigating the pre-service science
teacher's ability to teach STEM education in the
classroom need to be explored to give a more profound
understanding of the factors influencing STEM
education. Other methods such as observation or
interview need to be developed to explain the
implementation of STEM education in the classroom.
However, there is no education policy to apply the
STEM education approach in the classroom.

Conclusion

This research was informed that an SEM of factors
influenced the Indonesian pre-service science teachers'
STEM education to conceptualize STEM education. The
significant study described that content knowledge has
an important rule to integrate between STEM subjects.
Additionally, the mastery of teachers in content
knowledge could improve the STEM self-efficacy for
pre-service science teachers. The Anxiety of STEM
education should control the pre-service science
teachers because this factor can lose the pre-service
science teacher's confidence in the understanding of
STEM education.
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