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Science, technology, engineering, and mathematics (STEM) fields play a critical

role in the advancement of society and are expected to grow rapidly in the

coming years. This study examines the development of a STEM education

course and its impact on teachers’ self-efficacy and course experiences. The

study involves a mixed-methods approach, using survey and course assignment

results gathered from 52 mathematics master’s degree candidates who took

an online STEM education course. Teachers’ self-efficacy, STEM knowledge,

reflections from reading materials, and lesson plans were quantitatively analyzed

while content analyses was employed for the teachers’ opinions on the role of

each STEM subject and overall course evaluation. Results showed a significant

increase in teachers’ self-efficacy in teaching STEM subjects after completing

the course. Additionally, teachers reported positive experiences related to

course content, activities, and assignments. The study provides insights into the

design and implementation of effective STEM courses and provides practical

implications for designing operative STEM courses.
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Introduction

Teacher self-efficacy and professional growth

Teacher self-efficacy refers to a teacher’s belief in their ability to effect student outcomes
through instructional practices (Bandura, 1997). Self-efficacy is not at a constant level
throughout one’s career and there are many factors that influence the increase or decrease
of one’s self-efficacy. A teacher’s self-efficacy changes over time through a career peaking
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at approximately 23 years of experience and declining in later career
stages (Klassen and Chiu, 2011). Day and Gu (2010) reported that
a teacher’s self-efficacy wanes and increases within a given school
year depending on the expectations that are placed on a teacher
during a specific time of year. Klassen and Chiu (2011) also found
that one’s social work environment and how one is perceived within
a teaching or school community can both positively and negatively
impact one’s self-efficacy. Cooper and Carr (2019) noted that “low
levels of teacher self-efficacy in teaching STEM-related disciplines is
linked to poor teaching practices such as teacher-centred pedagogy,
poor questioning and avoidance of teaching concepts considered
too difficult” (p. 182). Ensuring that a teacher’s self-efficacy is
increased with respect to teaching science, technology, engineering,
and mathematics (STEM) courses is imperative to improving the
STEM experience for K-12 students.

To increase one’s self-efficacy, a teacher might engage in
enhancing their instructional strategies or increasing their content
knowledge of a discipline. Ways that teachers choose to increase
their professional and content knowledge through formal means
like engaging in mandated or optional professional development
programs or taking courses at a post-secondary institution or
through informal means like self-directed learning or conversations
with colleagues. Palmer (2011) found that cognitive mastery in
understanding a concept was more impactful on a teacher’s self-
efficacy than past hands-on experience or enactive mastery. Avalos
(2011) reviewed articles on teacher professional development and
identified that both cognitive theories, including self-efficacy, and
socio-cultural theory, including teaching context, play a role in
teacher growth through a variety of forms of professional learning.
In addition, Kayan-Fadlelmula et al. (2022) relates self-efficacy
to positive outcome expectations and the achievement of those
positive outcomes.

A conceptual model of teacher professional learning
that worked to positively influence teacher self-efficacy was
developed by Beauchamp et al. (2014). Their model included
mastery experience, verbal persuasion, vicarious experience, and
affective/physio states within a collaborative environment that
works together to enhance teaching practice and, as a result,
improve teacher self-efficacy. Beauchamp et al. (2014) found
that “teacher efficacy was fostered by professional learning that
allows teachers time to meet and talk, and spaces that promote
conversation and collaboration” (p. 48). They recommended
that professional development for teachers that increases one’s
self-efficacy be built around “sharing curriculum ideas and best
practices, co-creating and sharing learning and teaching resources
and learning new teaching strategies” (p. 59). Milner-Bolotin
(2018) argued that “in order to change how students engage with
STEM we have to change how we educate K-12 teachers and how
we support them during their careers” (p. 2). Increasing teacher
self-efficacy through professional development is of importance to
STEM education as ensuring current teachers have the skill and
knowledge to work in innovative ways to support student learning.

STEM education

Science, technology, engineering, and mathematics education
is a relatively new discipline in K-12 education and, as such, in pre-
service education and in-service teacher professional development.

As K-12 schools are implementing STEM programs and looking
for teaching practices that integrate the fields of science,
technology, engineering, and mathematics in multidisciplinary
ways, “Educators at all levels are grappling with the complexities
and issues that are emerging in what is a relatively new, and
some might argue, ill-defined field” (Barkatsas et al., 2018, p. 93).
With a call for a growing need for multi-disciplinary innovators
in an increasingly global world, Barkatsas et al. (2018) recognized
the need for current teachers to have support in the form of
resources and knowledge to effectively implement STEM programs.
Kayan-Fadlelmula et al. (2022) add that there is a need for
teacher professional development programs that support one’s
efficacy and interest in teaching STEM. Mutseekwa (2021) proposes
that practices such as field trips, work visits, and partnerships
can facilitate increased collaboration among colleges, schools,
professional scientists, and industry.

STEM course development

The impact of various instructional strategies and course design
features appears to differ. To facilitate the learning of course
content in online STEM courses, designers should take into account
a variety of instructional strategies and course design features.
This may include fostering a learning community and providing
opportunities for experienced students to impart their knowledge
and share resources with their peers (Yang, 2017).

In order to develop a course to support the growth of
teacher efficacy in teaching in a STEM context, courses at both
the pre-service and in-service teacher levels were examined. In-
service courses considered both courses offered at a master’s
level or orchestrated professional development experiences that
were more than a one-time event. Though the designing of
pre-service and in-service teacher education courses considers
different characteristics of the audience and level of experience
in a classroom or with a curriculum, both can offer insights into
structures that can be identified as successful for different audiences
(Nurbaeva et al., 2023).

Byrd et al. (2022) noted that, with respect to pre-service
teachers, “meaningful experiences as a learner and an educator
in integrated STEM methods courses” (p. 188) would lead to
teachers that are more able to integrate standards from different
disciplines and would lead to increased self-efficacy in planning
and implementing STEM lessons. What constitutes a meaningful
experience depends on the level of engagement of the students in
the potential teaching of a STEM lesson to experiencing a STEM
lesson as a student. Richmond et al. (2017) found that integrating
“active learning strategies to model reform-based classroom
practice” including “case studies and cooperative learning” (p. 20)
activities that engage teachers in experiences that help them make
sense of teaching in a way that potentially different than what they
have been engaged in previously.

Beyond what was identified in the literature with respect to
teacher professional development and self-efficacy, the context of
STEM education poses an additional threat to a teachers’ self-
efficacy because the field is complex, multi-faceted, and ill-defined.
Jong et al. (2021) noted that there is a need for teacher professional
development in integrated and cross-disciplinary ways that support
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current teachers in developing their capacity beyond a singular
discipline. Jong et al. (2021) identified that to build one’s capacity
in teaching, a professional development program should include
the following elements “(a) content focus, (b) use of models and
modelling, (c) active learning, (d) collaboration, (e) coaching and
expert support, (f) feedback and reflection, and (g) sustained
duration” (p. 81). Each of these elements serves to increase teachers’
capacity for planning, teaching, and assessing in innovative ways
that underlie STEM education.

Experiences in STEM courses

Pre-service and in-service teacher experiences through
engaging in courses designed to support the development of
confidence and skills in teaching a STEM course have been
explored in a variety of settings. In pre-service teacher education,
Cooper and Carr (2019) found that pre-service teachers valued
experiencing and learning more about disciplinary integration
within and between the STEM fields and engaging in “authentic
learning and inquiry-based pedagogies” (p. 180). Having elements
of a course where participants fully experience the learning that
happens through authentic experiences further supports future
integration of those practices within one’s context (Nielsen et al.,
2019; Marynowski et al., 2021).

In-service teacher professional development also considers that
the participants in the learning have professional experience that
they draw on to position new learning within their experience
of teaching. Rajbanshi et al. (2020) reported that in-service
teacher educators need to be able to share their experiences
alongside having opportunities to integrate new practices into their
current context. Ensuring that there is both specific disciplinary
content and pedagogy included for in-service teachers alongside
opportunities for reflection about the implementation was noted by
Nadelson et al. (2012). They stated that both content and pedagogy
were important, however, teachers needed “time to think about
STEM teaching and learning” (Nadelson et al., 2012, p. 166) so that
they could develop a stronger sense of how to apply what they were
learning.

One additional key component of experiences for both in-
service and pre-service teachers was ensuring that the process of
scientific inquiry (Nadelson et al., 2012) or the engineering design
process (Shernoff et al., 2017) as a way to integrate seemingly
separate disciplines in an integrated manner. As many teachers
are trained in the pedagogy and/or in the content of separate
disciplines, working in an integrated manner on potentially
complex contexts or problems. Working in an integrated way
on complex problems with in-service and pre-service teachers
supports the later integration of disciplines in practice which is a
goal of STEM education programs (Nadelson et al., 2012; Shernoff
et al., 2017).

Several researchers have noted that there is a continued need
to explore ways to enhance pre-service and in-service teacher
professional development in unique knowledge and pedagogy in
order to teach STEM in an integrated way (Teo and Ke, 2014;
Milner-Bolotin, 2018; Margot and Kettler, 2019; Hill et al., 2020;
Özer et al., 2020). The question that still remains is how can teachers
be supported to improve their self-efficacy and knowledge of STEM

education? There are many incentives for STEM education, but
there are no effective courses to train teachers to provide this
education. This study makes contribution to both literature and
education as it investigates the effectiveness of a developed and
implemented STEM course.

Research purpose and research
questions

One of the ways to design a new course is to look at teachers’
perceptions and experiences which affect learning outcomes and
satisfaction with a course. It is also essential to examine teachers’
interest and feedback regarding the instructional strategies and
course design features in new courses. This research investigated
effective instructional approaches and course design elements in
an online mathematics class provided to master’s degree students.
Teacher experiences in courses help in designing future courses
and being able to identify what aspects of the course impacted
knowledge, integration of STEM concepts, and self-efficacy
(Nadelson et al., 2012; Rajbanshi et al., 2020; Abylkassymova et al.,
2021).

The participants in this study were mathematics teachers who
were teaching full-time, while enrolled in the online class. Their
instruction experience and knowledge of teaching approaches let
them give distinctive evaluations and comments associated with
efficient teaching strategies and course design characteristics that
contributed to their learning. Engaging in the course online is
different from the other models of professional development for
in-service teachers. In particular, the online context of the course
was purposefully designed to ensure that the elements of effective
teacher education were integrated. This research questions do not
specifically attend to the fact that this course is online, however,
this study serves to show that teacher self-efficacy, STEM content
knowledge, and integration of STEM concepts into teaching can be
improved through an online course.

The following research questions were identified for this study.

1. Are there any changes in the teachers’ self-efficacy after
participating in the course?

2. Are there changes in the participants’ STEM education
knowledge after participating in the course?

3. To what extent do mathematics teachers integrate STEM
subjects into their lesson plans?

4. How do participants rate the role of each STEM subject?
5. What is the participants’ overall evaluation of the course?

Materials and methods

Participants and context of the study

The study involved 52 mathematics teachers pursuing their
master’s degree at SDU University in Almaty, Kazakhstan. Among
them, 13 (25%) were male, and 39 (75%) were female teachers.
The participants had an average age of 26 and hailed from 12
different cities, with the majority (46%) originating from Almaty.
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Their teaching assignments covered grades 1 through 12, with
approximately half instructing at high schools and the other half
at middle and elementary schools. As these individuals were
teachers enrolled in the “STEM Education” course, the sampling
method employed can be characterized as convenient sampling.
The context of the study is a complete semester program on STEM
education for master’s degree students in mathematics (September–
December 2022). This course comprised a 50-min lesson each
week of theoretical lectures and two 50-min lessons per week of
practical periods each. The course was taught online for teachers
who were pursuing a master’s degree in mathematics education
at a Kazakhstan rural university. The course had no face-to-face
meetings and was hosted in Webex (an online course management
system).1

The theoretical part of the course covered an introduction to
STEM education (2 weeks), integrated STEM education (1 week),
gender differences in STEM (1 week), project-based learning
(1 week), engineering design loop process (1 week), research and
trends in STEM education (1 week), challenges in STEM education
(1 week), STEM curriculum design (1 week), the role of each silo of
STEM in STEM education (4 weeks), STEAM (science, technology,
engineering, art, and mathematics) education (1 week). On the
other hand, the practical part of the course focused on sharing
STEM lesson plans and design challenges along with having quizzes
and reflecting on reading materials.

The course was assessed across teachers’ portfolios that consist
of STEM lesson plans, design challenges, quizzes, participation,
reflections on the reading materials, and presentation of produced
works. Teachers filled in a pre- and a post-test survey respectively
in the initial and the final week which investigated their STEM
education knowledge and self-efficacy. All 52 teachers in the course
gave their approval for this study.

Instrument

The research questionnaire was designed to assess teachers’ self-
efficacy in STEM education. At the beginning of the questionnaire,
the aims and background of the study were presented to the
respondents. It was emphasized to the respondents that the research
focus was on their views rather than on the specific content of the
subject. The questionnaire was prepared using Socrative, an online
assessment tool2 and consisted of three sections, which included
both open-ended and closed-ended questions assessed on a five-
point Likert scale. The first part included demographic items (such
as gender), and in the second section, the teachers demonstrated
their self-efficacy in STEM education with 20 Likert items (such as
I am good at projects involving STEM). The third section addressed
teachers’ knowledge about STEM education with four open-ended
(such as What is STEM Education?) items (See Appendix). The
Cronbach alpha coefficient was calculated as 0.804 and 0.860
respectively for pre-test and post-test scores on the second section
of the questionnaire. Moreover, according to both pre-test and
post-test scores, dropping none of the items increased the reliability
coefficient. Along with standard Cronbach alpha coefficient we

1 https://www.webex.com/

2 https://www.socrative.com/

calculated the ordinal alpha coefficients for pre and posttests. They
were calculated to be 0.86 for the posttest and 0.76 for the pretest,
indicating high internal consistency in the ranking of responses for
the posttest and slightly lower consistency for the pretest.

For the validity of the instrument, we sent it to two professors
at SDU University for their views on the individual items.
They evaluated the items in terms of relevance, clarity, and
understandability. Depending on their feedback two items were
revised and one item was dropped from the instrument.

Design and procedure

This is the second time this course has been offered online. The
first offering was for undergraduate students, and the third author
adapted the course and is teaching the course to master’s students
for the first time. There were no prerequisites for this course,
and the learning outcomes of the course were for participants:
(1) develop scientific thinking strategies, (2) demonstrate basic
knowledge in the fields of science, mathematics, and technology
education, (3) utilize the vocabulary, primary concepts, definitions,
and models applicable to STEM education, (4) develop innovative
and alternative teaching methods and learning activities, and
(5) analyze attributes, strengths, and weakness of current STEM
education programs. These learning outcomes were measured
informally at the beginning (pre-test) and at the end of the
course (post-test) and formally through STEM lesson plans,
STEM activities prepared by teachers, quizzes, participation and
reflections from reading materials.

The main structure of the course design and the instructional
strategies adopted were developed by the researchers based on
the teacher professional development and STEM literature noted
earlier. Instructional strategies included online discussion about
the reading material, video demonstrations of design challenges,
and discussion of STEM lesson plans. Teachers were awarded 10
points (around 6% of total grades) for participation in the online
discussions. The reflection from reading materials asked teachers
to summarize their understanding. Additionally, each teachers
prepared four design challenges and four STEM lesson plans.
Before preparing the design challenges and lesson plans, examples
of these activities were presented to teachers. During the practice
classes, teachers presented their lessons and design challenges with
the instructor providing immediate feedback. The revised versions
of both the design challenges and lesson plans, that is after the
feedback, were uploaded to Moodle for prefinal and final grade
evaluations. Participants provided MS Word documents for the
lesson plans and YouTube links for the design challenges. The aim
behind the YouTube videos was to have teachers use technology
as an instructional strategy for the STEM course. No textbook was
determined for the course and all reading materials were selected
from journals indexed in SCOPUS. A summary of the designed
course is presented in Figure 1.

Data analysis

To evaluate teachers’ self-efficacy, and knowledge before and
after the course, a pre- and post-questionnaire was applied with
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Course

Lecture (50 min)

Prac�ce (100 min)

Ac�vity

PPT presenta�ons
Mini discussions
Mini quizes

Ar�cle discussion
LP presenta�on
DC presenta�on

Assignment

Reading ar�cle
Preparing LP
Preparing DC

Assessment

Prefinal
Quiz (10%)

Par�cipa�on (20%)
LP-12 (35%)
DC-12 (35%)

Final
Reading reflec�on (50%)

LP-34 (25%)
DC-34 (25%)

LP: Lesson plan, DC: Design challenge

FIGURE 1

Science, technology, engineering, and mathematics course design.

a five-point Likert scale, ranging from 1 (strongly disagree) to 5
(strongly agree). Participants’ demographic information was also
collected from the administered survey. T-statistics were used to
test the proposed hypotheses for the group differences such as pre-
posttests. Wilcoxon W test was carried out to compare the scores
from the first two and last two lesson plans.

Teachers were required to write reflections for each week’s
reading material. Each teacher’s reflection ranged from one to two
single-spaced pages. Except for the midterm and the final week,
teachers were assigned reading articles. Each teacher provided 13
reflections. There were 52 teachers and a total of 615 reflections (61
reflections were not submitted). There was a rubric for the reading
reflections which was composed of three sections; summary of the
reading (70 points), top three Take-Aways (20 points), and questions
I still have (10 points).

The rubric designed for evaluating the lesson plans developed
by teachers were as follows: face validity and organization, that
is the appearance of the lesson plan if it contains elements,
such as date, aim, duration, school level, etc., of a standard
lesson plan (10 points), objectives related to STEM education (20
points), description of the STEM activity (30 points), integration
of the STEM subjects in the activity (20 points), assessment (10
points), and presentation (10 points). The first two lesson plans
were prepared for the prefinal and were submitted for evaluation
together, similarly, the last two lesson plans were submitted
together and were graded for the final. That is why, we merged the
scores from the first and second lesson plans and did the same for
the third and fourth lesson plans. In other words, for each teacher,
the average scores from the first two and last two lesson plans were
compared for the effect of the course.

Similarly, design challenges were evaluated on the following
bases: organization and quality (20 points), description of the
activity (50 points), integration of the STEM subjects in the activity
(20 points), and presentation (10 points). Regarding analyses of
qualitative data, we utilized a content analysis, where views were
categorized within teachers’ responses to open-ended questions.

Data collected from quizzes, participation, reflections from
reading materials and the design challenges were not analyzed in

this study because they were beyond the research questions of
the current study.

Results

Changes in teachers’ self-efficacy

To respond to the first research question, that is, are there any
changes in the teachers’ self-efficacy after participating in the course?
we used the results from the self-efficacy questionnaire. With the
teachers responses, the following analyzes were performed.

A paired sample t-test (Table 1) was carried out to locate the
difference between teachers’ pre- and post-test scores about their
self-efficacy in STEM education. The normality of the data was
assessed by the Shapiro–Wilk test and a normal distribution was
detected (p > 0.05).

The t-test indicated that teachers’ post-test mean score (3.95) is
significantly higher than the pre-test mean score (3.77). The means
of pre and post-test scores are visualized in Figure 2.

Changes in STEM education knowledge

For the second research question, teachers’ STEM knowledge
(second research question) was assessed through participant
responses to the following open-ended questions on the
questionnaire: What is STEM? What is STEM Education? What is
integrated STEM Education? What is STEAM?

To see the effect of the STEM education course on teachers’
STEM knowledge their initial and final (that is before the course
and after the course) responses to these questions were compared.

TABLE 1 Paired sample t-test self-efficacy.

Statistic df p Effect size

Student’s t-test −2.15 48 0.036 Cohen’s d −0.308
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FIGURE 2

Pre-posttest means.

The comparisons were based on both the number of responses and
a number of correct responses provided. Firstly, it was hypothesized
that the more blank responses the more they do not know about
STEM education. The number of teachers who responded to these
four questions before the course was 46, 44, 27, and 29 respectively
while after the course it was 47, 48, 46, and 47 respectively. This is
visualized in Figure 3.

Teachers’ responses (correct or incorrect) for the first two
questions are almost the same while for the last two questions after
the course they provided significantly more answers. The statistical
significance test was done through the Chi-Square Goodness of Fit
Test where for the third question χ2 = 4.95, p = 0.026, and the
fourth question χ2 = 4.26, p = 0.039.

Secondly, it was hypothesized that the more correct responses
the more they do have knowledge about STEM education.
A number of correct responses for the items assessing teachers’
knowledge about STEM education before and after the course are
depicted in Figure 4.

Figure 4 indicates that the number of correct answers
substantially increased after the course. The Chi-Square Test of
Goodness of Fit was run to locate statistically significant differences.
For what is STEM the statistics were calculated as χ2 = 4.90,
p = 0.027, for what is STEM Education χ2 = 1.65, p = 0.199, for
what is integrated STEM Education χ2 = 10.40, p = 0.001, and for
what is STEAM χ2 = 6.42, p = 0.011. These statistics demonstrate
that except for what is STEM, teachers’ correct responses after the
course are significantly higher than their initial responses.

Integration of STEM subjects

To determine a response to the third research question (To
what extent do mathematics teachers integrate STEM subjects into
their lesson plans?) participants’ lesson plans were examined. They
prepared first and second lesson plans for the prefinal and third and
fourth lessons plans for the final exam. We hypothesized that as
the course progresses participants will prepare better STEM lesson
plans. Lesson plans were examined on six variables; face validity
and organization, objectives, STEM activity, integration of STEM
subjects, assessment, and school level at which the lesson plans
were prepared for.

There were 52 participants and from the first, second, third,
and fourth lesson plans prepared by participants, we randomly
selected 20 from each category (totally 80 lesson plans). The
statistics such as the number of lesson plans examined, the mean of
scores from each variable, and the standard deviation are presented
in Table 2.

According to Figure 5, participants’ first two and last two lesson
plans seem to differ for integration of the STEM subjects, and
school level while others such as face validity of the lesson plans
remain similar. The statistically significant differences between the
mean of the scores are tested through the Wilcoxon W test because
our data indicated non-normal distribution.

Table 3 indicates that participants’ first two and last two lesson
plans were significantly different for the integration of STEM

FIGURE 3

Number of responses to the knowledge items before and after the course.
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FIGURE 4

Number of correct responses before and after the course.

subjects and school level. In other words, the provided STEM
education course has an effect on participants’ integration of STEM
subjects in their lesson plans (p < 0.001) and also has an effect
on the school level for which they prepare the lesson plans for
(p = 0.005). In other words, as the course progressed teachers
prepared STEM lesson plans for higher grades. Which implies that
they prepared more composite lesson plans.

Rating the role of each STEM subject

At the end of the course, teachers were asked to rate (the
fourth research question), from 5 to 1 where 5 corresponds to
very important, the position of the role of each silo in integrated
STEM education. A bar graph (Figure 6) with a stacked column

TABLE 2 Statistics for lesson plans.

N Mean SD

Face validity-12 40 9.05 1.8

Face validity-34 40 9.28 1.69

Objectives-12 40 18.63 3.75

Objectives-34 40 18.88 2.88

STEM activity-12 40 26.75 4.88

STEM activity-34 40 28.25 3.11

Integration-12 40 9.38 3.04

Integration-34 40 12.75 3.75

Assessment-12 40 5.42 3.48

Assessment-34 40 5.97 3.72

School level-12 35 6.69 2.04

School level-34 35 8.11 1.68

Twelve – first and second and 34 – third and fourth. The maximum points for each variable
are 10, 20, 30, 20, and 10 points, respectively.

was created to indicate this rating. This graph was created based on
the responses from 43 teachers.

Figure 6 demonstrates that teachers rated the role of STEM
silos as science, math, engineering, and technology from the most
important to the least important. For instance, of the 43 teachers,
29 of them put science in the first place within STEM subjects,
and 11, 1, 1, and 1 teachers put science in the second, third and
fourth places, respectively. Similarly, math was inserted in the first
place by 23 teachers and inserted in second, third and fourth places
respectively by 10, 8, 2, and 0 teachers.

A supplementary question to rating the importance of each
STEM subject was teachers’ opinions on the role of each STEM
subject in STEM education. Below some of the examples from
teachers’ views are presented. According to teachers’ views, science
is the foundation of STEM education. They stated that science
provides the fundamental principles and concepts that students
need to understand the natural world and how it works.

Teacher 43: Science is the most important element of STEM.
Science asks questions about nature and gives answers in a fact-
based and explanatory way. Science is mainly to promote students
to design their works according to scientific principles, verify
hypotheses based on evidence, and discover and come up with
solutions to problems.
Teacher 8: The main role of science in STEM education is to enable
students to strengthen their education of scientific literacy and
apply scientific knowledge, for example, in the subjects of physics,
chemistry, and biological sciences.

In pointing out the role of math, teachers emphasized the
effect of math on critical thinking and its role in combining STEM
subjects. Here is an example:

Teacher 21: I think the role of mathematics is important in STEM
education because we necessarily use mathematical calculations
when we make engineering models. Even if we use technology,
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FIGURE 5

Comparison of first-second and third-fourth lesson plans.

we cannot work with technology without building a mathematical
model.
Teacher 29: Mathematics is a knowledge that can connect other
subjects with each other. At the same time, mathematics increases
the functional literacy of the student. Students can learn a variety
of problem-solving techniques by solving various mathematical
problems. We use mathematical concepts in both engineering
and technology development. That is why it can be said that
mathematics takes the first place in the STEM education system.

Teachers pointed out the role of engineering in designing
creative solutions and solving real-life problems. Following is an
example which explains the role of technology.

Teacher 44: Engineering plays an important role in STEM
education and serves as a bridge between mathematics, technology,
and science. Engineering tries to solve problems and applies
mathematics, science and technology to design.
Teacher 13: In general, engineering not only increases our ability
to solve problems but also helps us to look at the problem in a
comprehensive way. In the process of solving the problem, critical
thinking leads to increased interest in the work. It opens the way to

TABLE 3 Wilcoxon W test for variables of the lessons plans.

Pair 1 Pair 2 Statistic p Effect
size

Face validity-12 Face validity-34 30 0.5 −0.2308

Objectives-12 Objectives-34 22 1 −0.0222

STEM activity-12 STEM activity-34 49.5 0.108 −0.4211

Integration-12 Integration-34 36 <0.001 −0.8227

Assessment-12 Assessment-34 95 0.471 −0.1775

School level-12 School level-34 96.5 0.005 −0.5849

Ha µ measure 1 – measure 2 6= 0, the effect size is the “Rank biserial correlation.” Bold values
indicate statistical significance.

strengthen inter-disciplinary communication and to look at each
other from a new angle.

Finally, teachers pointed out the role of technology in making
stuff easier and affordable and saving time. The following example
emphases the role of technology in providing good life conditions.

Teacher 2: Nowadays, the use of technology is widespread due
to the advanced age. That is, with the help of technology, we
make the very difficult work easier. At the same time, the student’s
technological literacy will increase. Learning by using technology
in life increases the free time of a person. Currently, technology
is making the work that cannot be done by humans easier.
STEM technology teaches students how to solve complex problems
effectively and quickly. With the help of technology, the student’s
thinking ability develops, and the student also has the opportunity
to invent new techniques. People can use technology to make things
easier and easier. That is to say, we can use technology to make
complex and difficult things easier, simpler and better to do.

Over 4 weeks, teachers expressed their views regarding the role
of one subject in STEM education per week. Since each week they
provided responses for a different subject, they praised the role
of each subject a lot. However, there was an agreement between
writing their views and rating their views. In other words, the role
of science was expressed explicitly and expressed a lot in agreement
with the stacked graph in Figure 6.

Overall evaluation of the course

At the end of the course, teachers were also asked what they
liked and what they did not like in this course (fifth research
question). In other words, they were asked to evaluate the course
as a whole. Generally, teachers expressed positive feedback on the
gains they received from the course.
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FIGURE 6

The role of each science, technology, engineering, and mathematics (STEM) subject within integrated STEM education.

An example of a totally positive view is as follows (Teacher 32):
I really liked this course because this course had a good impact on
my experience. As a teacher, I realized that it is necessary to teach
children not only the knowledge provided by the program but also
to explain the use and benefits of these courses in life. I understood
the relationship between mathematics with many directions. I have
observed that it allows children to develop their thinking widely.
An example of both negative and positive views together is as
follows (Teacher 9): I really like this course. I learn a lot about
STEM, and I really excited to use it in future in my classes.
Sometimes it was difficult for me to do design challenges. Cause,
of the many ideas that I had, I couldn’t realize them because of the
tools that required. Many tools I couldn’t afford. That’s my DCs
were so simple. I really liked Socrative from previous lessons, it
helps us to review and repeat the topic. Thanks for everything. It
was an amazing course.
An example of a totally negative view is as follows (Teacher 18):
I didn’t like assessment methods. I think it’s too much for one

person to make 4 lesson plans and 4 design challenges. And also,
every week we wrote a quiz, and also every week we had to read
an article and write a reflection. There are too many assignments,
I think. Nothing I liked in this course. After this course, I have a
negative attitude toward STEM.

Many stated that it was useful and interesting and they will use
STEM activities in their future classes. They also expressed that
they learnt how to prepare STEM lesson plans. Besides, teachers
complained about a high number of weekly assignments and
difficulty in finding materials for developing STEM activities along
with ideas about STEM activities.

Discussion

This study examined the development and implementation
of a STEM course designed to investigate effective instructional
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approaches and course design elements in an online mathematics
class provided to master’s degree students. The course focus and
design responds to calls for the development of teacher efficacy
in teaching STEM disciplines (Brown, 2012; Barkatsas et al., 2018;
Kayan-Fadlelmula et al., 2022).

The online course design was deemed effective when
it incorporated several key features, such as well-defined
course objectives, appropriate alignment between objectives
and assessments, consistent module structure, a range of
assignments and learning activities, and a suitable balance
between theoretical concepts and practical applications (Yang,
2017). Similarly, we incorporated STEM lesson plans, design
challenges, quizzes, participation, reflections on the reading
materials, and presentations to increase the effectiveness of the
designed course. This is also consistent with what Huang et al.
(2022) where they suggest to go beyond assessing teachers’ attitudes
and opinions and investigating their participation in STEM events
by analyzing their online records of participation and interaction
with colleagues, as well as examining the results of their work, such
as lesson plans and projects.

Our study demonstrated that involvement in the STEM course
substantially elevated the self-efficacy of teachers in teaching and
creating STEM courses at the K-12 level. This finding was in
parallel with Gardner et al.’s (2019) finding that teachers improved
their self-efficacy and made productive changes in their classroom
practices after participating in STEM professional development
programs.

One of the aims of this course was to have teachers gain
competencies in integrating STEM subjects. In the first two lesson
plans participants generally integrated two subjects where math was
one of the subjects usually. Of the 20 lesson plans we examined
only three did not include math for the first and three for the
second lesson plans. On the other hand, in the last two lesson
plans they generally integrated three subjects where science was
the most frequent. For instance, in the third lesson plan, only
four did not include science while in the fourth only five did
not include science. This finding is consistent with Jong et al.
(2021) comment that teachers are not necessarily comfortable
creating integrated opportunities for students to experience STEM
as intended in a cross-disciplinary way and there is a need for
teacher professional development which supports teacher planning
in a wholistic way.

The effect of the course on teachers’ STEM knowledge was
also assessed. Four simple questions were asked before and after
the course. We found that while teachers were familiar with
the acronym STEM they were not able to differentiate between
STEM, STEM education, and integrated STEM education before
the course. Similarly, Teo and Ke (2014) noted that many pre-
service teaches had an understanding of their individual discipline,
but not the way STEM has been conceptualized and that there
should be specialized programs or courses to support inservice
teachers in STEM.

One of the most successful implementations in the course that
effected teachers’ learning products was that watching what their
colleagues have prepared inspired them to produce better works,
that is, lesson plans and design challenges. As expected, in their
overall course evaluation teachers explicitly mentioned the effect
of the video demonstrations by their peers on their own task

developments. Designing, video recording, and uploading them
to YouTube allowed teachers to develop their engineering design
skills as well as their technology skills. Besides, preparing activities
allowed a real-world application for the course and added value and
meaning throughout the course work for the participants.

In their overall course evaluation teachers generally expressed
positive views. According to Karpudewan et al. (2023), research
supports the idea that knowledge and perceived effectiveness have
a positive impact on STEM teaching.

An important part of the course time was devoted to discussing
the reading materials assigned weekly. From the course evaluation
data, the teachers indicated that the assignments were useful for
their conceptualization of STEM. However, writing reflections on
what they learnt from the reading materials did not seem enjoyable
for them. This finding corroborates Mzoughi (2015) study who
established that the majority of teachers did not find writing
reflections from reading materials useful.

The participants in this study were mathematics teachers who
were teaching full-time, while enrolled in the online class. Their
instruction experience and knowledge of teaching approaches let
them give distinctive evaluations and comments associated with
efficient teaching strategies and course design characteristics that
contributed to their learning.

Although our sample was mathematics teachers and
mathematics is a fundamental subject surprisingly, they chose
science to be the leading subject among the four silos of STEM.
The explicit motive why teachers perceived science as the chief silo
is that first, science compromises many subjects taught in schools,
that is, physics, chemistry, astronomy, geology and biology, second
our experience with the developed STEM lesson plans and activities
indicate that it is easier to integrate other subjects into science.
Moreover, STEM education is closely related to project-based
learning (PBL) (Redmond et al., 2011) and asking a leading
question such as what is the effect of microwaves on different organs
of the body is the first step in PBL and the leading questions are
usually science-based.

The teachers reported that the course was challenging but
engaging, and they appreciated the use of real-world examples
and hands-on activities to reinforce the course concepts. Despite
the overall success of the course, because of heavy assignments,
several teachers find it difficult and discouraging. These findings
are consistent with the literature that highlights the importance
of providing sufficient support and resources for teachers when
implementing STEM education (Margot and Kettler, 2019).

The effect of the course is evident that as the course progressed
the quality of the tasks prepared by teachers increased. In other
words, the lesson plans and design challenges prepared as well
as the quality of the reflections written from reading materials
improved toward the end of the course. The findings suggest that
a well-designed STEM course can improve teachers’ self-efficacy,
knowledge and experience providing STEM courses.

Conclusion

This study delivers the findings of a semester-long STEM
education course with 52 teachers pursuing master’s degrees in
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mathematics. The study assessed participants’ self-efficacy, STEM
education knowledge, ability to integrate STEM subjects, rating
the role of STEM subjects, and overall STEM course experiences.
Pre- and post-test surveys and open-ended questions, STEM lesson
plans, design challenges, and reading reflections were assessed to
locate the effect of the course.

We showed participating in the STEM course significantly
increased teachers’ self-efficacy in teaching and designing STEM
courses at the K-12 level. Moreover, our results convey the fact that
the provided STEM education course has an effect on participants’
STEM knowledge, and integration of STEM subjects in their lesson
plans, and also has an effect on the quality of the developed STEM
lesson plans. Furthermore, we demonstrated that teachers rated the
role of science in STEM as the highest and that of technology as the
least important. Finally, participants generally expressed that the
STEM education course was useful and interesting and that they
will use STEM activities in their future classes.

This study has specific limitations. The context was a single
course over a full semester, the findings could be made more
applicable to a broader context by including multiple courses
and instructors in the analysis. In future research, it would be
beneficial to explore the potential benefits of preparing lesson plans
and design challenges and how they could motivate teachers in
designing STEM lessons in schools.

A second limitation is that teachers video-recorded the design
challenges that they prepared and they showed their work remotely.
A face-to-face demonstration of the activities would be more
effective in terms of understanding and engagement.

A third limitation is that the sample size was insufficient to
evaluate nuanced group variations and potential interaction effects,
such as those between females and males or advanced and novice
participants. Future studies may see whether the suggested course
design plays out in a parallel route for such subdivisions.

A fourth limitation of the study pertains to the quasi-
experimental design employed, which lacked a control group, a
factor that merits attention and acknowledgment. It is imperative to
recognize that quasi-experimental designs without control groups
inherently present challenges to internal validity. While such
designs offer valuable perceptions into real-world settings, their
limitations should be considered, as they may compromise the
ability to draw causal inferences with a high degree of certainty.
To enhance the robustness of future research, it is advisable to
explore more intricate designs that incorporate control groups,
thereby bolstering the internal validity and strengthening the
overall methodological rigor of the investigation.

We suggest STEM teachers and course developers work with or
at least discuss with researchers who have proficiency in teaching
methods when electing and applying instructional approaches in
STEM classes. The results presented in this article have already
supported the proposed course design. That is why, we strongly
recommend this design for those who seek to teach STEM
education as a course at the tertiary level.

Our findings are expected to promote further research and
development of STEM courses in the future. This study has found
preparing lesson plans and designing STEM activities to be strong
evidence of STEM course development. Overall, this study provides

valuable insights into the development and implementation of
effective STEM courses that can positively impact teachers’ self-
efficacy and experience in STEM fields.
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Appendix

Instrument used in this study is as follows:

A. Sociodemographic data

Type of school you work at is private or public?
City you live in currently?
Grade levels you teach?

B. Self-efficacy in STEM education

We need science education for the future of our country.
We need mathematics education for the future of our
country.
We need technology education for the future of our country.
We need engineering education for the future of our country.
I can prepare STEM lesson plans.
I like preparing STEM lesson plans.
I can create STEM activities.

I like creating STEM activities.
I can integrate math into science.
I can integrate math into technology.
I can integrate math into engineering.
I can integrate math into science, technology and engineering.
I like to read about STEM Education.
I am good at projects involving STEM.
I believe there is a need for STEM Education.
I care about developments in STEM Education.
I would like more/advanced courses in STEM Education.
I intend to further develop my abilities in STEM Education.
STEM activities increases creativity.
STEM activities increases critical thinking.

C. Open-ended questions

What is STEM?
What is STEM Education?
What is integrated STEM Education?
What is STEAM?
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