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ABSTRACT  To equip students with 21st-century skills, teachers must have both deep STEM content knowledge and
the confidence to implement and teach appropriate STEM content. Many elementary teachers have
inadequate STEM background knowledge, low confidence, and STEM self-efficacy for implementing
STEM in the classroom; as a result, teachers' classroom practices are affected. The study examined how
elementary teachers perceive their ability to implement STEM in the classroom. The STEM Efficacy
Survey was sent to a randomized pool of 100 elementary educators, and 18 of them agreed to participate
in the study. This instrument was designed to elicit responses related to the teachers' previous background
in STEM, their beliefs about their ability to implement STEM, and their actual STEM implementation
in the elementary classroom. The results revealed that participants were confident in their understanding
of the engineering design process and problem-based learning. However, teachers were unwilling to
apply the engineering design process in the classroom. From this research, the researchers concluded
that higher levels of training in STEM education may influence how teachers perceive their ability to
implement STEM in the classroom. Further research should focus on exploring how STEM training
affects teachers' self-efficacy in STEM implementation.
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Ogretmen 6z-yeterliligi ve STEM uygulamalarindaki rolii

0z  Ogrencilere 21. Yiizyil becerileriyle donatmak icin dgretmenlerin hem derin STEM alan bilgisine hem
de STEM igerigini etkili bir sekilde uygulama ve 6gretme konusunda bir 6zgiivene sahip olmasi gerekir.
Bir¢ok ilkokul gretmeni, STEM egitimini smifta uygulamak igin yetersiz STEM alan bilgisine ve
deneyimine, diisiik 6zgiivene ve STEM egitimini siniflarinda uygulamayla ilgili diisiik 6zyeterlige sahip
olmasi, Ogretmenlerin siif uygulamalarini etkileyebilmektedir. Bu calismanmn amaci, ilkokul
ogretmenlerinin STEM egitiminin dgretimine yonelik dz-yeterlik algilarini incelemektir. STEM Yeterlik
Anketi 100 ilkokul 6gretmeninden rastgele olusturulmus bir 6rnekleme gonderilmistir ve 18 6gretmen
calismaya katilmay1 kabul etmistir. Bu anket 6gretmenlerin STEM konusundaki gegmis deneyimlerini,
STEM’i smiflarinda uygulamaya iliskin inanglarini ve ilkokul siniflarinda STEM uygulamalarimi
belirlemek amaciyla gelistirilmistir. Bulgular, katilimeilarin miihendislik tasarim siireci ve probleme
dayali ogrenmeyle ilgili Ogrenmelerinde kendilerine giivendiklerini ortaya koymustur. Ancak
ogretmenler mithendislik tasarim siirecini siniflarinda uygulama konusunda isteksizdirler. Bu arastirma
sonucunda, arastirmacilar STEM egitimiyle ilgili aliman egitimlerin 6gretmenlerin STEM 6zyeterlik
algilarma ve siniflarinda daha fazla STEM uygulamalar1 yapmalarma olumlu etki edebilecegi sonucuna
ulasmugtir. ileride yapilacak galismalar STEM 6gretmen egitimlerinin dgretmenlerin STEM uygulama
konusundaki 6zyeterliklerini nasil etkiledigini incelenmesine odaklanmalidir.
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INTRODUCTION

STEM education initiatives integrating science, technology, engineering, and mathematics subject
matter are increasingly prevalent in elementary schools. Although there is broad debate on the definition
of STEM education, many researchers claim that teaching STEM subjects by connecting and asking
students to solve authentic social problems helps students connect STEM subjects to daily life (Honey
et al., 2014). Integrated STEM learning typically encompasses more than just these four disciplines, as
its hands-on nature allows students to develop various 21st -century skills (Daugherty et al., 2022).
Cultivating students’ 21st-century skills requires adequate implementation of integrated STEM
education in school curricula (Lamb et al., 2015). To implement STEM education during elementary
school, teachers must possess proficient STEM content and pedagogical content knowledge to
incorporate the project-based teaching pedagogy. However, due to the predominant generalist nature of
elementary teacher preparation, many elementary teachers possess limited knowledge of the STEM
disciplines and the supporting STEM pedagogies, which can result in low teacher self-efficacy related
to STEM (Rittmayer & Beier, 2008). Many studies have highlighted a linear connection between
teachers' self-efficacy and students™ success in STEM subjects (Katzenmeyer & Lawrenz, 2006; Smith
et al., 2009). Therefore, it is crucial to determine teachers' self-efficacy toward STEM instruction so that
proper interventions can be made.

Theoretical Framework

STEM-based learning in elementary school focuses on providing students with hands-on, problem-
based learning objectives that develop various skills and expand upon critical content. This learning
method fosters engagement in the 4 C's of 21st Century skills: critical thinking, collaboration, creativity,
and communication (Claymier, 2014). While applying the engineering design process, students are
encouraged to integrate subjects and develop creative solutions to problems and challenges (Havice,
2015). As mentioned, STEM-based learning often expands beyond the four subjects identified in the
acronym. It provides students with opportunities in the classroom to gain real-life skills such as
leadership, acceptance of failure, problem-solving, productivity, innovation, and flexibility (Autenrieth
etal., 2017; Stohlmann et al., 2012).

With the seemingly unstoppable expansion of technology into all facets of society, the job market needs
individuals with degrees in STEM-related fields (Havice, 2015). The Smithsonian Science Education
Center reported that the demand for non-STEM jobs was three times less than for STEM jobs between
2000 and 2010 (Smithsonian Science Education Center, 2016). Furthermore, the National Academies
of Sciences, Engineering, and Medicine (2017) estimates that there will be 3.4 million unfilled skilled
technical jobs by 2022. Along with these unfilled jobs, the gender gap is evident in the STEM fields.
Women make up only 28% of the STEM workforce, with many girls losing confidence in mathematics
by third grade and electing to avoid such career areas (Lubienski et al., 2013). Dejarnette (2012) noted
that students exposed to STEM education programs during elementary and secondary school are more
likely to pursue degrees and careers focusing on STEM. This finding would indicate that increasing
STEM interventions at younger ages could increase students” STEM career intentions.

Additionally, schools began integrating STEM education curricula as it became apparent that the
instruction could aid students in making connections from one content area to another (Berry et al.,
2004). Consequently, reform initiatives began experimenting with integrating engineering and
technology into math and science classrooms (Margot & Kettler, 2019). However, to effectively
incorporate STEM education in a way that reaps these benefits, researchers soon discovered that teacher
knowledge and confidence are critical components of such integrations (Christian et al., 2021; Hackman
et al., 2021; Rifandi & Rahmi, 2019). Nevertheless, many elementary educators remain prepared as
generalists and sometimes lack the in-depth preparation that will likely enable them to feel confident in
educators” ability to develop or teach the STEM curriculum.
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STEM Curriculum

STEM curriculum refers to a discipline that focuses on integrating four content areas of STEM. For
decades, STEM professionals have struggled to provide elementary school teachers with the ideas and
resources necessary to enact STEM lessons and activities in schools (Brusic & Shearer, 2014). However,
with the rise of technology in society and the growing STEM job market, schools must find programs
that allow for STEM to be integrated into the core curriculum.

Interdisciplinary STEM is the approach where students make a connection between four content areas
of STEM while focusing on an engineering design-based learning approach (Daugherty & Carter, 2017).
STEM education can serve as a tool to advance students' 21st-century skills while providing an
understanding of STEM content knowledge. This approach involves heightening skills such as problem-
solving, critical thinking, communication, collaboration, and creativity (Brusic & Shearer, 2014;
Claymier, 2014). The hands-on nature of integrated STEM naturally involves the development of these
skills, and the STEM curriculum can provide students with connections between experiences in formal
and informal learning environments (Archer et al., 2013). This approach also allows educators to
integrate other disciplines, including social studies and art (Havice, 2015). This inquiry-based approach
to STEM education introduces problem-based learning and engineering design to create solutions by
applying content knowledge. Accordingly, this approach increases students™ intention to STEM
pathways and careers (Margot & Kettler, 2019).

According to Daugherty and Carter (2017), the engineering design process (EDP) is considered the
cornerstone of STEM education. The EDP involves clearly defining a problem, generating potential
ideas, selecting a plan, building it, testing it, and then communicating the results (Cunningham et al.,
2018). Problem-based learning (PBL) is fundamental when establishing an environment where students
use the EDP. PBL also allows educators to challenge students with real-life problems (El Sayary et al.,
2015). Since STEM education, by its nature, requires the use of ill-defined complex problems, PBL
allows students to use information and synthesize it while solving real-life problems (Daugherty &
Carter, 2017; El Sayary et al., 2015). According to Savery (2006), problem-based learning classrooms
have specific characteristics. Learning is covered by ill-structured learning challenges where more than
one outcome is likely. During the learning process, the educator is a facilitator while the learners self-
direct and self-regulate their learning as they formulate solutions to given problems. This learning
process requires students to engage in cooperative learning as they collaborate with other students or an
engineering design team to solve problems through questioning, research, and experimentation. This
type of learning can help invigorate a learner's desire to engage in the classroom and make sense of the
world surrounding them (Daugherty & Carter, 2017; Guzey et al., 2020). Therefore, teachers should
strongly understand the application of EDP while applying PBL in the classroom (Hammack et al.,
2020).

Another concern of STEM is the link between educators' STEM content knowledge and how this
approach is applied in the classroom (Daugherty & Carter, 2017). According to Stohlmann et al. (2012),
the four major components of an integrated STEM approach are collaboration and professional
development opportunities, instruction that is focused on integrated lesson planning, efficacy and
commitment to STEM education, and access to necessary STEM sources. As STEM integration is
relatively new, especially at the elementary level, it is vital to understand how these components are
enacted while successfully implementing STEM in the elementary classroom.

Successful Implementation of STEM in the Elementary Classroom

When implementing STEM in the classroom, the main factor is integrating scientific and engineering
practices while emphasizing core concepts and student engagement (Capobianco & Rupp, 2014). Rogan
and Grayson (2003) suggest that three major components ensure implementation. They include the
profile of implementation, capability to innovate, and outside support. The profile of implementation
refers to the classroom environment. This profile comprises the types of student-teacher interactions,
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content-rich and practical work, and assessment practices. The capability to innovate refers to the
physical resources such as materials, space, and equipment, as well as student and teacher factors such
as knowledge, confidence, commitment, and previous experiences. Finally, outside support refers to the
actions of organizations outside the school to influence the implementation. These factors all play a
critical role and impact the implementation of a STEM program and should be considered when
developing an integrated STEM curriculum.

Early interventions are vital to maximizing the effects of STEM education. Therefore, previous findings
from these interventions should also be used while developing integrated STEM learning. The effects
of early intervention serve as evidence as to why elementary educators need to become well-versed in
the pedagogy. Studies have shown that by third grade, many girls lose confidence in their abilities for
mathematics and science content knowledge (Lubienski et al., 2013). Furthermore, other studies note
that by age 10-14, students have formed their confidence, or lack thereof, and attitude towards STEM
subject areas (Daugherty & Carter, 2017). Regrettably, many STEM education programs are not
introduced until secondary or high school, past the point where students have formed their opinions
toward STEM subject areas. For example, 20 percent of students have lost interest in science by 4th
grade. This number jumps to almost 50 percent of students losing interest or deeming the content
irrelevant by 8th grade (Daugherty & Carter, 2017). This finding may provide evidence as to why it is
so important to have early interventions and integration of STEM education programs to provide
students with relevancy and meaningful experiences early.

The challenge with this may impugn the very nature of traditional elementary education training. The
curriculum is often generic and covers all subject matters in a shallow fashion in traditional elementary
teacher education (Brusic & Shearer, 2014). These programs often result in educators feeling
apprehensive about implementing an integrated STEM education program or other programs that
include more profound levels of mathematics, engineering, or science (Catalano et al., 2019; Daugherty
& Carter, 2017; Rittmayer & Beier, 2008). Supporting these assertions, several researchers have noted
that elementary educators may need interventions to help increase self-efficacy towards implementing
these programs, which may increase student self-efficacy in STEM classes. Additionally, due to the
hands-on nature of STEM, students' self-efficacy will increase their skill sets beyond the walls of the
STEM classroom (Havice, 2015; Margot & Kettler, 2019).

Why is STEM Often Not Taught?

Though research has shown that STEM education programs in the elementary classroom are beneficial
and can positively influence the long-term aptitudes and attitudes of students, many schools have yet to
implement such programs and curricula. There are multiple factors contributing to this perceived
deficiency. First, STEM education is a relatively new curricular grouping for elementary schools. School
leaders and teachers often struggle, as they are, to meet state and local performance standards, which
may lead them to overlook the development and implementation of STEM education programs (An &
Cardona-Maguigad, 2019; Johnson, 2020). Additionally, many teachers exhibit discomfort and lack
confidence in developing and teaching STEM education programs (Akaygiin & Aslan-Tutak, 2016;
Katzenmeyer & Lawrenz, 2006; Smith et al., 2009). As these programs are relatively new, many
experienced teachers may not have had formal STEM education training, nor did they focus on STEM
education while engaged in teacher preparation programs at the university (Brusic & Shearer, 2014).
Additional research studies have shown that this transition to delivering STEM in the elementary
classroom is often difficult for teachers (Daugherty & Carter, 2017). These challenges and other factors
may suggest why STEM education is underutilized in elementary schools in the United States.

Teacher Self-Efficacy

Bandura (1997) defined self-efficacy as one individual belief about his ability to complete a task
successfully. These beliefs affect teachers in the classroom (Bandura, 1997). Teachers who possess a
high sense of self-efficacy can motivate students and improve students' cognitive development
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(Bandura, 1997). Self-efficacy is affected by the teacher's effort and persistence, professional
commitment, openness to new methods, and positive strategies to deal with student problems (Mojavezi
& Tamiz, 2012). Supporting these assertions, Ashton and Webb (1986) note that teachers with high self-
efficacy plan and organize their classes more than others, have more developed questioning and
instructional skills, and provide better student feedback. These implications indicate why it is vital for
teachers to have a high sense of self-efficacy in their subject areas—It directly affects their students.

According to Rittmayer and Beier (2008), an individual's self-efficacy is affected by four primary
sources: mastery experiences, vicarious experiences, social persuasion, and physiological reactions.
Successful outcomes typically increase self-efficacy, while failures lower it. Vicarious experiences refer
to learning through observing others performing a task, while social persuasion is the effects of others'
judgments, feedback, and support on self-efficacy. These experiences are compelling when the source
of social persuasion comes from influential figures and is accompanied by a mastery experience. For
example, positive feedback from a teacher or parent boosts self-efficacy, especially when it is aligned
with past performance and actual ability. Finally, physiological reactions refer to the emotional and
physical states, like 'butterflies in the stomach,’ that determine self-efficacy beliefs. Knowing the four
sources that can affect self-efficacy is essential to increasing teacher self-efficacy in STEM fields and
when preparing elementary teachers to deliver integrated STEM in the primary grades. Furthermore,
teachers who lack experience in implementing STEM integration in the classroom reported low self-
efficacy and often avoided STEM lessons (Gerde et al., 2018; Hammaock et al., 2017; Kelley et al., 2020;
Martinez-Borreguero et al., 2022; Nadelson et al., 2013). Professional development opportunities are
often designated as a potential solution to improved elementary STEM instruction (Honey et al., 2014;
Rich et al., 2017; Radloff & Guzey, 2017; Rinke et al., 2016; Zhou et al., 2023). However, there is little
agreement on effective integrated STEM professional development characteristics.

Importance of Teacher Self-Efficacy

Many factors impact the use of STEM education in elementary schools. Elementary teachers are less
confident in teaching STEM subjects in-depth and are concerned about their ability to teach STEM
subject matter for various reasons, such as limited experience in developing STEM lessons and limited
STEM content knowledge (Love et al., 2023). Integrating subject areas outside teachers™ expertise may
pose new challenges for teachers (Boice et al., 2021). These challenges cause teachers to feel less
comfortable teaching outside of their area of expertise, and, as a result, teachers™ self-efficacy and
confidence in teaching integrated STEM may decrease (Geng et al., 2019, Stohlmann et al., 2012).
Teachers’ self-efficacy affects teachers™ choice of pedagogical approaches, class preparation, teaching
strategies, and students™ success in that subject (Catalano et al., 2019; Katzenmeyer & Lawrenz, 2006;
Klassen et al., 2010; Kelley et al., 2020; Smith et al., 2009). Nadelson et al. (2013) found a connection
between willingness to teach integrated STEM, their motivation, and the learning outcome. Through
studying STEM self-efficacy, researchers have found that teachers’ efficacy is a critical component that
may influence instructional quality in STEM education, teachers intention to use STEM education in
the classroom, and teachers™ success in delivering appropriate learning experiences (Dong et al., 2019;
Holzberger et al., 2013; Kelley et al., 2020; Love et al., 2023; Martinez-Borreguero et al., 2022).
Therefore, enhancing teachers™ efficacy towards STEM subjects may increase teachers™ confidence and
ultimately result in more integration of STEM instruction in elementary classrooms (Love et al., 2023).

The Implications of Teacher Self-Efficacy

Self-efficacy is a significant predictor affecting teachers' motivation and task performance. Therefore,
the implications of teacher self-efficacy while implementing an integrated STEM program are essential.
Individuals with high STEM self-efficacy adopt STEM instruction to the classroom better than others
and persistently use it longer in the field than those with low STEM self-efficacy (Rittmayer & Beier,
2008). However, as previously stated, elementary teachers commonly hold lower self-efficacy views
towards mathematics and science than secondary teachers (Catalano et al., 2019). Additionally, teachers
with higher self-efficacy use more effective teaching strategies, are keener on the profession and are less
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likely to burn out or leave teaching (Catalano et al., 2019; Muijs & Rejnolds, 2001).

While self-efficacy's effects on the teacher's well-being are important, it is equally essential to note that
a teacher's level of self-efficacy also affects students' achievement and motivation (Catalano et al., 2019;
Hammock & lvey, 2017; Klassen & Chiu, 2010; Mojavezi & Tamiz, 2012). The nature of STEM
learning differs from traditional science and math instruction. When examining predominant science
and math instructional techniques, these teachers rely heavily on textbooks and traditional teaching
approaches that are not student-centered and tend to overuse outside experts (Goodnough et al., 2014).
Teaching specific content such as mathematics, technology, engineering, and science involves using
domain-specific self-efficacy (Gerde et al., 2018). Teachers confident in their mastery of a single subject
tend to report greater self-efficacy in their capability to teach that subject (Gerde et al., 2018).

Meanwhile, integrated STEM courses rely heavily upon providing students with enriching hands-on
experiences. Due to the generalist nature of elementary educator training in the United States, teachers'
self-efficacy may be low in STEM areas, leading to avoidance when implementing integrated STEM
initiatives. These programs can result in lower self-efficacy, leading to negative results for students
under the direction of teachers with low self-efficacy. However, numerous studies have illustrated that
teachers with high self-efficacy manage classrooms and teach students using different approaches that
encourage autonomy (Mojavezi & Tamiz, 2012). Developing student independence is vital to PBL and
integrated STEM as the educator is a facilitator, and the learners are more self-directed and self-
regulated.

Tournaki and Podell (2005) suggest that teachers with high self-efficacy do not make pessimistic
predictions about students and are more likely to change their predictions unless students change.
Considering that social persuasion, especially from influential figures, is one of the four primary
influencers of self-efficacy, educators need to hold these positive predictions about students. As
Gardner's motivation theory (1985) states, learners™ motivation to learn increases when they sense that
educators care about them and their success. Therefore, teachers with high self-efficacy make more
positive predictions, which may positively affect their students.

Self-efficacy is goal-directed and, therefore, affects the individual's goals. When setting these goals,
individuals with higher self-efficacy adopt a greater commitment to the goals, indicating more effort
expended and greater persistence when difficulties arise (Rittmayer & Beier, 2008). Thus, it is essential
to gauge and improve teacher self-efficacy related to integrated STEM to result in rigorous goals being
set for the curriculum. Furthermore, effective professional development opportunities improve teachers'
confidence in teaching STEM subjects and make them change their classroom practices (Goodnough et
al., 2014). Research shows that a teacher's efficacious views directly affect their implementation and,
therefore, their students' achievement. Thus, it is essential to continue studying the contributing factors
to teacher efficacy to make the necessary efforts to improve the effects (Gardner et al., 2019).

Significance of This Study

With these factors in mind, this study was designed to determine how elementary teachers perceive their
ability to implement STEM in the classroom. Teachers' self-efficacy affects teaching practices in the
classroom and influences students' success and motivation toward STEM subjects (Catalano et al., 2019;
Mujis & Rejnolds, 2001; Skaalvik & Skaalvik, 2007; Tournaki & Podell, 2005; Tschannen-Moran &
Hoy, 2001). Therefore, determining how elementary teachers perceive their self-efficacy beliefs is
helpful in improving STEM integration in schools.

METHODOLOGY

The survey method was used in this study. The survey method can be used to investigate participants'
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self-efficacy, characteristics, and behaviors about specific issues (Biiyiikoztiirk, 2015). This study aimed
to determine teachers perceived self-efficacy levels in teaching integrated STEM education. The
following research questions guided the study: How do elementary teachers perceive their ability to
implement STEM education in the classroom?

Participants

The core research focused on elementary teachers in the south-central United States. The Ethics
Committee approval was provided by the Institutional Review Board in Research Integrity and
Compliance at the University of Arkansas (Number: 2101307040, Date: 26.01.2021). After approval
from the university institutional review board, the researchers created a pool of participants, making
certain to select elementary subject matter teachers and excluding non-classroom teachers (i.e., guidance
counselors). To maintain the confidentiality of participants, the researchers gathered a random selection
of 100 active K-6 teachers currently employed in elementary teaching positions within the selected
geographic region identified for the study using contact information gathered from State departments of
PK-12 education and teacher contact information available on the school district online directories of
all schools within the geographic region.

To randomly select participants, the researchers selected an equal number of participants from each
school district within the geographic region until 100 names had been selected. To accomplish this task,
every 25th name of all available teachers within the region was selected for participation. Additionally,
when choosing the participants, the researchers eliminated participants that did not fit the demographics
and moved on to the next available teacher on the master list of contacts. Such eliminations were
substitute teachers, physical education teachers, educators who taught courses beyond 6th grade, and
any teachers identified as from non-specified content areas. Once the sample was formed, the STEM
Efficacy Survey (See Appendix 1) was emailed to all participants, along with an informed consent letter
stating that participation was completely voluntary and anonymous. However, seven participants agreed
to participate in the pilot study, and 18 joined the actual research.

Data Collection

The STEM Efficacy Survey was used to collect the data. The STEM Efficacy Survey was a 24-question
survey. The first ten questions asked demographic questions such as gender, age, teaching experience,
education received, and potential training in STEM education. The next four questions inquired about
the implementation of STEM in the classroom in the participants' schools. Finally, the last ten questions
were on a Likert-type range and queried participants to reflect on questions about their opinions towards
STEM education. These three sections of the survey comprised the aforementioned 24-question
instrument.

The questionnaire consisted of multiple-choice, write-in, and 5-point Likert-type questions (1= strongly
disagree,2= disagree,3= undecided,4= agree,5= strongly agree). The researchers developed the survey
based on the current literature. The researchers then used a desk or expert review (Grover et al., 2009),
getting opinions of two different experts with Ph.D. and Ed.D. degrees in the field of STEM education,
to evaluate the content, usability, and to determine the content validity of the survey questions. Due to
time constraints, COVID restrictions, and the nature of the research, a measure of construct validity was
not undertaken for this study. Afterward, the questionnaire was sent to teachers from a random pool
from multiple schools and school districts, and the researchers presumed that the participants would
have varying levels of STEM implementation and previous STEM teaching experiences. Participants
were asked to answer questions related to demographic questions about themselves, integrated STEM
implementation, professional development experiences associated with integrated STEM education, and
perceived confidence levels in teaching integrated STEM education. Only seven teachers answered the
questionnaire. Adjustments and corrections of the questionnaire were made after the pilot study. Three
questions were removed, and two were clarified to increase the instrument's reliability quotient. After
these changes, the questionnaire was found to have acceptable reliability (Cronbach's alpha = .82). After
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being satisfied with the reliability and validity of the instrument, the researchers created a pool of 100
randomly selected elementary teachers in the South-central Region of the United States. Once
distributed, the instrument accepted responses from this pool of 100 teachers for two weeks. The
questionnaire utilized a Google Form that allowed for anonymous responses to protect each participant's
identity.

Additionally, this Google Form required participants to log in to ensure each participant only submitted
one response. This login did not compromise the confidentiality of the questionnaire. After participants
(only 18 participants) submitted their responses, all questionnaire responses were stored on a password-
protected account until the assigned research window had closed. Once collected, the data was analyzed
using Microsoft Excel. The questions that utilized multiple choice and the Likert range were scored,
while the write-in data were grouped into categories.

RESULTS

The results of the teachers' demographic section of the questionnaire are listed below. Of these
respondents, eighteen were female, with four in the 20-30 age range, five in the 30-40 age range, five in
the 40-50 age range, and four in the 50-60 age range. After completing the demographics questions, the
participants answered the remainder of the questions about the implementation of STEM.

The results of the survey's eighteen teachers' demographic section are listed here. Since teachers in the
southern states of the USA were assigned to teach different levels, the participants™ grade levels varied.
Among the eighteen, there was a distribution of the grade levels they teach. This distribution can be seen
in Figure 1. Of the eighteen, fifteen (83.3%) respondents received their master's degree as their highest
education, two (11.1%) received their bachelor's degree, and one (5.6%) was in the process of
completing her master's degree at the time of the survey. Of these eighteen, twelve (66.7%) did not
receive formal STEM training as a preservice teacher, while six (33.3%) did. Similarly, thirteen (72.2%)
respondents had completed professional development concerning STEM education since becoming an
in-service teacher. In comparison, five (27.8%) did not.

Figure 1.
Participants Grade Level
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Following, the participants answered the remaining questions about the implementation of STEM.
Thirteen (72.2%) of the respondents mentioned their implementation of integrated STEM education in
the classroom, while five (27.8%) did not. However, many respondents indicated they incorporated
STEM into the classroom at different times, as seen in Figure 2.
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Figure 2.
Integration in the Classroom

m Every day STEM

mOnce a week STEM
Once a month STEM

m Rarely STEM

B Never STEM

After examining the initial results of the study, the researchers were able to analyze the participants'
responses closely. The respondents’ answers for their varying backgrounds in STEM education and their
varying integration were reflected in their answers in the remainder of the survey. As seen in Figure 2,
the participants varied in integrating STEM into the classroom. Most teachers reported that they rarely
or once a month integrate STEM into the class. A small number of the teachers, %5, have never used
integrated STEM in the classroom. Moreover, 34% of the teachers integrate STEM once a week, while
5% of the teachers use it daily.

Problem-based learning (PBL) is vital to STEM education and the engineering design process. PBL
learning is covered with ill-structured learning challenges where multiple outcomes can occur. The
survey guestionnaire asked the participants multiple questions concerning how confident they felt using
problem-based learning in STEM classrooms. Most participants responded yes when asked if they used
PBL in the classroom. Fourteen (77.8%) answered that they used PBL, while four (22.2%) responded
that they did not.

When examining the responses to questions about PBL, the teachers seemed to exhibit a strong
understanding and high confidence level. As PBL is an integral STEM technique and a great way to
integrate the engineering design process, the researchers assumed that those confidence levels would
carry over to responses regarding the engineering design process. However, this was not the case. When
asked if they utilized the engineering design process in the classroom, thirteen (72.2%) of the
respondents responded no, and only five (27.8%) answered yes.

Then, the participants provided varying responses to the questions related to elementary teachers
confidence in understanding the engineering design process and problem-based learning (See Table 1).

As seen in Table 1, elementary teachers™ confidence in understanding the engineering design process,
project-based or problem-based learning varied. Most teachers responded that they seek better ways to
integrate STEM into their classrooms. Of these respondents, 5.6 % of the teachers strongly agreed, 22.2
% of the teachers agreed, and 61.1 % of them were neutral. Only 11.1 % of teachers strongly disagreed
with this statement. Notably, by combining the teachers who responded that they strongly agree or agree
to integrate STEM, only 38.9% expressed their confidence in teaching integrated STEM. On the other
hand, 33.3% of the teachers were indecisive about their capacity to teach integrated STEM.
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Table 1.
Teachers® Responses about the Engineering Design Process and Problem-Based Learning
. Strongly . Strongly

Question Disagree Disagree Neutral Agree Agree
I makg an effort to contl_nually find better ways to 11.1% 0% 61.1%  22.2% 5.6%
teach integrated STEM in my classroom.
I am confident in my ability to teach integrated
STEM curriculum and activities effectively. 11.1% 16.7%  33.3% 22.2% 16.7%
Even if | try very hard, | am not able to teach
;r;;grated STEM as well as some other subject 5 6% 333%  333% 16.7% 11.1%
| feel confident in my understanding of the
engineering design process. 38.9% 27.8% 11.1% 5.6% 16.7%
| feel confident in my understanding of the problem
or project-based learning. 0% 16.7%  27.8% 33.3% 22.2%
I am comfortable using ill-structured problems
(problems with many correct answers) with my 0% 5 6% 29206 A44.4% 27 8%
students.
I am confident that | can answer students’ questions 0 o o 0 0
during integrated STEM lessons and activities. 0% 22.2% 27.8%  33.3% 16.7%
I am comfortable not always knowing the answers to
the STEM challenges or problems that | present to 0% 111%  22.2%  38.9% 27 8%

my students.

Problem or project-based learning and integrated

STEM requires the teacher to present design

problems where the solution is unknown. As a 5.6% 389% 38.9% 11.1% 5.6%
teacher, this causes me some anxiety.

In comparison, a total of 27.8% of the teachers were not confident about their skills to teach integrated
STEM and other subjects; that was calculated by combining the teachers who responded that they
disagreed or strongly disagreed with integrating STEM. Most teachers were questioning their capacity
to teach integrated STEM. Of these respondents, 11.1% of the teachers strongly agreed, 16.7% agreed,
and 33.3 % were neutral. Only 33.3% of the teachers disagreed, and 5.6% strongly disagreed.
Respondents indicated they were not confident in understanding the engineering design process but did
not use it.

Furthermore, most teachers were not confident about their understanding of the engineering design
process, including determining and researching the problem, planning possible solutions, choosing the
best solution, building a prototype, testing a prototype, redesigning a prototype, and sharing results with
the audience. Of these respondents, 38.9% of the teachers strongly agreed, and 27.8% disagreed. Only
11.1% of them were neutral, 5.6% disagreed with it, and 16.7% strongly disagreed.

Additionally, most teachers have confidence in their understanding of the problem or project-based
learning. From participant teachers, 22.2% of the respondents strongly agreed, 33.3% agreed, and 27.8%
were neutral. Only a limited number of participants, 16.7%, replied as disagree, have no confidence in
their understanding of the problem or project-based learning, and understanding of the problem.

Through this analysis, points of discussion and implications can be drawn from the participant's
responses to answer the research's guiding questions. Over 70% of the participants felt comfortable
using ill-structured problems with their students. Nevertheless, most teachers were comfortable not
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knowing the answers that they posed during the STEM challenges. Only 11.1% lack confidence in
STEM challenges that can be solved through different solutions. Surprisingly, though teachers'
backgrounds in STEM, project, and problem-based STEM are limited, teachers did not feel anxious
about using design problems where teachers do not know the answer, project, or problem-based STEM
in the classroom. In this study, teachers highlighted their position by marking strongly disagree (5.6%)
and disagree (38.9%) in the survey. While 38.9% of them were indecisive, the rest of the participants,
%16.7 who selected their position as strongly agree (%5.6) and agree (%11.1), mentioned that the use
of design problems while implementing project or problem-based STEM in the classroom, they felt
anxious. Based on the results, teachers who have higher self confidence in their ability to teach integrated
STEM and previous formal training tend to use integrated STEM more often than others with no or less
STEM education training. This result will be further delineated in the discussion section below.

DISCUSSION

This study explored how elementary teachers perceive their ability to implement STEM in the
classroom. The researchers gained insights into these topics using the STEM Efficacy Survey from the
participants' responses. The findings we obtained from this study indicated that most participants had
confidence in their understanding of Problem-based learning (PBL) and were unwilling to apply the
engineering design process in the classroom because of their limited exposure to engineering design
process. Many of the teachers indicated that they had some limited training in STEM, whether in
preservice teacher education or as in-service teachers. The teachers with previous training in STEM
have a tendency to implement STEM in the classroom more often than teachers without previous
training. This conclusion has similarities with the previous literature (Shernoff et al., 2017). Teachers
struggle with the iterative nature of engineering design and engineering design steps (Mesutoglu &
Baran, 2020). Thus, teachers should be exposed to engineering design experiences as learners and
teachers (Capobianco et al., 2022). The results of the study indicated a need for improvement for those
teachers who claimed their lower confidence in the engineering design process application. Even if
teachers have more efficacious views than vogue views about engineering design process and STEM
education, elementary teachers should receive formal STEM training to robust their understanding and
confidence in STEM (DeCoito & Myszkal, 2018).

The teachers with the most previous formal STEM training experience tend to trust more on their
abilities to integrate STEM. This finding echoed past studies that teachers' confidence and beliefs in
their abilities to teach integrated STEM change after participation in STEM training, and teachers'
confidence and beliefs affect their classroom implementation (DeCoito & Myskal, 2018). These
previous STEM training opportunities opened the door for STEM integration, as many respondents
indicated that they are willing to integrate STEM more often. This finding is consistent with the findings
from Margot and Kettler's (2019) study. Margot and Kettler (2019) pointed out that participation in
STEM professional development facilitates teachers' learning of integrated STEM concepts. STEM
professional developments also enhance teachers' understanding of STEM and show them how to use
STEM integration to teach their subjects (Wang et al., 2011). Since preservice teachers' and in-service
teachers' previous STEM experiences, personal interests, and disciplinary backgrounds are essential
factors for developing integrated STEM lessons, teaching method courses or professional developments
should support be offered to both teachers and preservice teachers (Shernoff et al., 2017; Ryu et al.,
2019).

Problem-based learning (PBL) is vital to STEM education and the engineering design process
(Daugherty & Carter, 2017). PBL learning is covered with ill-structured learning challenges where
multiple outcomes can occur. The study assessed participants' confidence levels while applying PBL in
the classroom. Most participants were confident in their understanding of PBL and mentioned their use
of PBL in STEM classrooms. These important findings support previous research findings that STEM
professional development opportunities and STEM learning experiences from teacher preparation affect
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teachers' instructional practices, attitudes, beliefs, confidence, and knowledge of STEM (Ciftgi et al.,
2022; Gardner et al., 2019; Hasim et al., 2022; Lange et al., 2022).

To effectively implement STEM PBL, teachers should understand its rationale and consider how STEM
PBL will be applied in the classroom (Han et al., 2015). While implementing STEM PBL in the
classroom, teachers may need to pose questions that may have many correct answers. Therefore,
teachers may be presented with questions or responses that they do not always know how to answer. In
the study, teachers' comfort level was asked about not always knowing the answers to the STEM
challenges they presented to students. As a teacher, it can be uncomfortable or unnerving not to know
all the answers. For this reason, the researchers assumed that most teachers' responses would have
anxiety feeling. Surprisingly, over half of the respondents were comfortable with not knowing all the
answers. Similarly, many participants were content with presenting design problems with an unknown
solution. These results might be related to how teachers value STEM education. Park et al. (2017) found
that teachers who value STEM education have more confidence and comfort when implementing STEM
and engineering design processes as teachers' STEM teaching experience increases. This study showed
that teachers were generally confident and comfortable utilizing PBL in the classroom. As PBL is an
effective way to integrate STEM, this finding shows that the more confident teachers are, the higher the
chance of using integrated STEM education in the classroom (Widowati et al., 2021).

Furthermore, the PBL is an integral STEM technigue and a great way to integrate the engineering design
process. In the study, the researchers assumed that those confidence levels would carry over to responses
regarding the engineering design process. However, this was not the case. Many respondents indicated
that they did not apply the engineering design process in the classroom, though they claimed they felt
confident in their understanding of the engineering design process. Teachers' unwillingness to apply the
engineering design process may indicate that implementing STEM in the elementary classroom may
bring different challenges for teachers. Integrating engineering design into a curriculum requires
teachers to understand the nature of the engineering design process (Hammack & lvey, 2017). Though
engineering design is a systematic and iterative process to solve problems, teachers think of the
engineering design process as linear rather than iterative (Mesutoglu & Baran, 2020; Ozkizilcik &
Cebesoy, 2024). They also struggle with engineering design steps, including identifying the problem.
Therefore, teachers should develop a more profound knowledge of engineering design in a STEM
context (Mesutoglu & Baran, 2020). Participating in engineering design activities will help teachers
understand engineering design and gain experience in integrated STEM (Ozkizilcik & Cebesoy, 2024).
Increasing exposure and understanding of the engineering design process will likely increase STEM
implementation (Hynes, 2012; Mesutoglu & Baran, 2020).

Limitations

A few factors that limited the effectiveness of this study were the unprecedented COVID-19 pandemic,
the small sample size—which was also impacted by the pandemic, potential response bias, and a clear
need for further research.

When the survey was open to responses, COVID-19 affected schools and teacher workload in the
schools where the survey was implemented. Along with the unprecedented times of the pandemic, the
geographic region where the study was completed was experiencing an abnormal winter storm that led
to power outages and closed schools during the survey implementation. The researchers believe these
two abnormalities may have been attributed to the lower response rate.

Furthermore, after the pilot test was issued, one of the participants shared in a discussion with the
researchers that it was difficult to answer questions like the ones in the survey, as they require one to be
introspective and honest. When answering questions and self-reporting, there is always a risk present as
it requires the respondent to interpret the question, understand what it is asking, and then answer the
question (Widhiarso, 2014).
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Additionally, self-reporting poses a risk that respondents may have response bias. Smith (2014)
discussed that "response biases occur when respondents complete rating scales in ways that do not
accurately reflect their true responses. They occur especially among responses to Likert scales that ask
the respondent to agree or disagree with various statements™ (p. 5539). For this reason, the researcher
suggests that readers analyze the study results with scrutiny, as respondents may have exaggerated
responses to the Likert scale questions.

This response bias may also occur due to how females perceive their abilities. Studies have shown that
girls' and women's confidence in STEM does not always have to do with their actual ability but how
they perceive it (Rittmayer & Beier, 2008). While they may not feel confident about certain STEM
subjects, there is a possibility that their abilities may be stronger than they realize. Therefore, because
all the participants in this study were women and girls and women are more likely to hold low efficacious
views towards STEM, they may reflect their attitudes but not their actual ability. Male teachers should
be added to another study to capture teachers' prior STEM learning, their self-efficacy, and their relation
to the implications of integrated STEM in the classroom.

Finally, the study examined the possible link between teacher preparation, such as university courses
and professional development, and teachers' self-efficacy toward implementing STEM. However, as
stated in prior research, a person develops attitudes and efficacious views toward STEM at a young age
(Daugherty & Carter, 2017; Lubienski et al., 2013). Therefore, assuming that a teacher's efficacy is
formed solely due to their teacher preparation, presumably in their 20s, well after their interest levels
have been established, would be imprudent. Therefore, while this study examines the intended research
guestions, it may not provide a comprehensive picture of how self-efficacy is formed and its effects on
STEM implementation.

With these limitations in mind, the researchers can more clearly evaluate the data collected from the
study. Additionally, the researchers can make recommendations using the data collected.

Recommendations

The researchers propose several recommendations for further training and research on the effects of
teacher self-efficacy on STEM implementation. As the study points to the positive impact of STEM
interventions on students, it is vital to explore this link to develop compelling STEM opportunities for
teacher professional development and STEM-focused teacher education interventions (Claymier, 2014;
Dejarnette, 2012; Havice, 2015; Smithsonian Science Education Center, 2016).

After examining the data from the participants' responses, the researchers also recommend more
exposure to STEM curricula to increase self-efficacy. As Rittmayer and Beier (2008) discussed, there
are four primary sources on which a person's self-efficacy is based: mastery experiences, vicarious
experiences, social persuasion, and physiological reactions.

One of the participants answered that a barrier to STEM integration was "a complete lack of resources."
By increasing exposure to STEM curriculum and opportunities for mastery experiences, teachers will
likely feel more equipped to integrate STEM. Therefore, professional teacher developers should design
integrated STEM materials and professional development opportunities for teachers in a manner where
they can experience integrated STEM from a student perspective. Furthermore, policymakers and
administrators should also develop a budget that provides minimal tools and materials because
integrated STEM requires additional tools and materials, including engineering supplies and tools for
building, making, and coding, such as wood, plastic, and numeric coding systems.

Another significant result was the teacher responses associated with the engineering design process.
Many participants did not utilize the engineering design process and were not confident in understanding
the engineering design process. One limiting factor affecting perceived STEM self-efficacy might be
teachers™ engineering design content knowledge (Love & Hughes, 2022). Since engineering design
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requires integrating multiple subjects such as mathematics, science, and technology, teachers find
engineering design challenges complex and feel untrained in engineering design content and practices
(Moore et al., 2014). Therefore, interventions or professional development programs should be
developed to inform teachers of the concepts of the engineering design process and increase that
understanding. Since teachers feel confident in project-based learning, project-based learning might be
combined with the engineering design process while developing professional development programs.
By doing this, the utilization of the engineering design process will likely increase.

Additionally, this study was distributed virtually to a random pool of teachers across one geographic
region of the United States. This diverse and random pool served several purposes of the study; however,
without a personal connection, the participant pool was less responsive to the researchers' emails. For
this reason, the researchers recommend distributing the survey to a pool with higher incentives to
respond in hopes of receiving a higher response rate. The researchers also recommend redistributing the
survey now that many of the restrictions associated with the pandemic lockdowns have ended in hopes
of receiving a higher response rate.

As discussed in previous research, STEM is heavily male-dominated, with women making up only 28%
of the workforce (Lubienski et al., 2013). As women tend to hold lower efficacious views towards
STEM, the researchers hoped to see how male responses to the survey may have varied from female
respondents (Lubienski et al., 2013; Rittmayer & Beier, 2008). Even though the researchers purposefully
included male contacts on the participant list, 100% of the respondents were female. For this reason, the
researchers suggest re-issuing this study with a larger sample of male educators to compare their
responses to those of their female colleagues.

Finally, the research findings illustrate that efficacy may not always reflect actual ability. Hence, the
researchers suggest a two-part study. In this study, teachers would complete the survey, be observed
while implementing STEM in the classroom, and their practices would be analyzed to determine
teachers STEM self-efficacy. This two-phase study would provide a more detailed and realistic
depiction of how one person's views of their ability reflect their actual performance.
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APPENDICES

Appendix 1: STEM Efficacy Instrument

Dear Elementary Teachers,

This scale has been designed to determine your STEM self-efficacy. Please indicate the degree to which
you agree or disagree with each statement:1 indicates strongly disagree, a 3 undecided, and a 5 strongly

agree.

Please answer the demographic questions first, and then you can move on to Sections Il and IlI.

Section I. Demographic Information

1.

7.

Gender:

() Male

() Female

() Prefer not to say

Age range:
a. 20-30
b. 30-40
c. 40-50
d. 60+

Grade you currently teach: (write in question) ...............cccoeeeivinnn.
Subjects you currently teach: (write in question) ..............cooeeernnen

Type of district where employed:
a. Urban

b. Suburban

c. Rural

d. Virtual

Years of Teaching Experience:
a. 1-3

b. 4-10
c. 11-20
d. 20+

Highest Level of Education Received (write in question) .................cceueuene..

Section I1.

8.

As a preservice teacher, did you receive formal training in STEM education?
() Yes
() No

If you answered yes to the previous question, to what extent? (Answer N/A if previous answer
was no)

University courses

In-service programs

Degree programs

Other professional development

N/A

®o0 o
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10. Since becoming an in-service teacher, have you completed any professional development

11.

12.

13.

14.

classes concerning STEM education?
() Yes
() No

Do you currently teach an Integrated STEM curriculum?
() Yes
() No

Approximately how often do you integrate STEM into the classroom?
() Every day

() Once a week

() Once a month

() Rarely

() Never

Do you utilize the engineering design process in the classroom?
() Yes
() No

Briefly describe what you believe Integrated STEM looks like in the classroom (write in
0 L] 1101 1) P

15. Do you utilize problem-based learning in the classroom?
() Yes
() No
Section Il1.
No | Sentence oo |olc|> o
s |%2(3|85s
L3 |€ |38 | |oa
< | 8 | & <
o
16 | I am confident in my ability to teach integrated STEM curriculum and
activities effectively.
17 | Even if | try very hard, | am not able to teach integrated STEM as well as
some other subject areas.
18 | I am confident in understanding the engineering design process.
19 | I feel confident in my understanding of problem-based learning.
20 | I am comfortable using ill-structured problems (problems with many
correct answers) with my students.
21 | I 'am confident that | can answer students' questions during integrated
STEM lessons and activities.
22 | I am comfortable not always knowing the answers to the STEM challenges
or problems that I present to my students.
23 | Problem based learning and integrated STEM requires the teacher to
present design problems where the solution is unknown. As a teacher, this
causes me some anxiety.
24 | 1 make an effort to continually find better ways to teach integrated STEM
in my classroom.
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TURKCE GENISLETILMIS OZET

Ogrencilerin yaratici diisiinmesini saglamak, problem ¢dzme becerilerini gelistirmek, is birligi, iletisim
gibi 21. ylizy1l becerilerini gelistirmek icin fen bilimleri, teknoloji, miihendislik ve matematigin
entegrasyonuna dayanan STEM egitimi sik¢a kullanilmaktadir (Claymier, 2014; Stohlmann vd., 2012).
STEM egitimi ile dort disiplin entegre edilirken, 6grencilere yaparak ve yasayarak ¢grenme ortami
sunularak 21. yiizyil becerilerini gelistirecekleri 6grenme deneyimleri saglanmaktadir (Daugherty vd.,
2022). Ayrica STEM egitimi 6grencilerin STEM disiplinleriyle ilgili bilgilerinin artmasina ve bu
alanlar1 meslek olarak belirlemelerine de etki etmektedir (Autenrieth vd., 2017). STEM disiplinlerinin
etkili bir sekilde entegre edilerek Ogretilmesinde Ogretmenler kritik bir role sahiptir. Bu sebeple
Ogretmenlerin hizmet 6ncesi donemde ve profesyonel meslek hayatinda hizmetici egitimler ile STEM
egitimi ile ilgili bilgi ve becerileri kazanmalar1 gerekmektedir (Radloff & Guzey, 2017). Alan yazinda
ogretmenlerin STEM disiplinlerinin entegrasyonuna yonelik kendilerini yetersiz gordiikleri ve STEM
egitimiyle ilgili yeterli bilgiye sahip olmadiklar1 belirtilmektedir (Akaygiin & Aslan-Tutak, 2016).
Ayrica Ogretmenler cogu zaman bilgi ve beceri sahibi olduklart STEM disiplinlerini &gretme
egilimindedirler (Kelley vd., 2020). Bu nedenle STEM &gretimiyle ilgili kendi becerilerine giiven
duymadiklarinda 6grencilerin STEM alanlartyla ilgili deneyimlerini de sinirlamaktadirlar (Kelley vd.,
2020).

Ogretmenlerin STEM egitimi ile ilgili bilgi ve becerilerini, STEM alanlarindaki becerilerine iliskin
inang, tutum ve algilarint almis olduklar1 STEM egitim uygulamalar etkilemektedir (Kelley vd., 2020).
STEM egitimine katilan 6gretmenlerin 6z-yeterliklerinde artis gdzlemlenirken, sinif uygulamalarinda
STEM egitimlerine de yer verdikleri gozlenmektedir (Gardner vd., 2019). Bunun yaninda 6gretmenler
STEM egitiminin uygulanmasina yonelik sinif yonetimi, farkli disiplinlerle ilgili bilgi eksikligi gibi
farkli kaygilar tasimaktadirlar (Geng vd., 2019). Bu sebeple 6gretmenlerin ozyeterliklerini arttirmaya
yonelik mesleki gelisim firsatlar 6gretmenlere sunulmalidir (Geng vd., 2019). STEM ozyeterligi yiiksek
olan 6gretmenler STEM egitimini siniflarina etkili bir sekilde uyarlamakta ve smiflarinda daha uzun
stire uygulamaktadirlar (Rittmayer & Beier, 2008). Alan yazinda ilkokul dgretmenlerinin fen bilimleri
ve matematik Ogretmenlerine kiyasla STEM ile ilgili Ozyeterliklerinin daha diisikk oldugu
vurgulanmaktadir (Catalano, 2019). Bu sebeple ilkokul 6gretmenlerine miihendislik, miihendislik
tasarim siireci, STEM disiplinleriyle ilgili alan bilgisi ve entegrasyon bilgisi kazanabilecekleri mesleki
gelisim firsatlart sunulmalidir. Bu sebeple bu calismada ilkokul 6gretmenlerinin STEM egitiminin
Ogretimine yonelik 6z-yeterlik algilarini belirlemek amaglanmustir.

Arastirmada tarama (survey) yontemi kullanilmigtir. Tarama yontemi olaylarin, objelerin ve gruplarin
ne oldugunu betimlemeye, agiklamaya ¢aligan arastirmalarda kullanilir (Biiytlikoztiirk, 2015). Calismada
veri toplama araci olarak aragtirmacilar tarafindan gelistirilmis olan STEM Yeterlik Anketi
kullanilmistir. STEM Yeterlik Anketi birinci aragtirmaci tarafindan gelistirilerek, STEM egitimi
alaninda uzman iki kisiden goriis alinmistir. Uzman gorisleri dogrultusunda ankette Onerilen
degisiklikler yapilmistir. STEM Yeterlik Anketi 24 sorudan olusmaktadir. Ug béliimden olusan anketin
ilk kisminda 6gretmenlerin demografik bilgileriyle ilgili sorular yer alirken, ikinci kistmda smif igi
STEM uygulamalarina y6nelik sorular bulunmaktadir. Anketin son kisminda ise 6gretmenlerin STEM
egitimine yonelik algilarii belirlemeye yonelik sorular yer almaktadir. STEM Yeterlik Anketi orta
Amerika’da calismakta olan 100 ilkokul 6gretmeninden rastgele olusturulmus bir gruba c¢evrimigi
dokiiman (Google Form) olarak gonderilmistir. Ancak pandemi kosullar1 nedeniyle ¢alismaya sadece
18 6gretmen katilim saglamistir. Bu anket ile 6gretmenlerin STEM konusundaki ge¢mis deneyimleri,
STEM egitimini smiflarinda uygulamaya iligkin inanglar1 ve ilkokul siniflarinda STEM egitiminin
Ogretimine yonelik Ozyeterlik algilar1 belirlenmistir. Caligmaya katilan kadin 6gretmenlerin egitim
diizeyleri (lisans, yiiksek lisans gibi) ve yas araliklar1 degisiklik gostermektedir. 12 katilimcr lisans
doneminde STEM egitimine yonelik herhangi bir STEM egitimi almamisken, 6 Ogretmen lisans
egitimlerinde STEM ile ilgili dersleri almiglardir. Profesyonel olarak 6gretmenlik meslegine basladiktan
sonra ise 13 dgretmen hizmet i¢i egitime katildigini, 5 6gretmen ise herhangi bir egitime katilmadigini
belirtmigtir. Ogretmenler ilkokul diizeyinde farkli diizeylerde 6gretim yapmaktadirlar. Calisma
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kapsaminda toplanan bulgularin analizi sonucunda ¢aligmaya katilan kadin 6gretmenlerin birgogunun
(72%) simuflarinda STEM egitimini uyguladiklar1 belirlemistir. Baz1 6gretmenler (5%) ise derslerinde
en az iki disiplinin entegrasyonunu temel alan STEM derslerine her derste yer verdiklerini belirtmistir.
Her ne kadar 6gretmenler siniflarinda STEM uygulamalarina yer verseler de 6gretmenlerin bazilar
(27,8%) STEM egitimiyle ilgili kendilerini yeterli hissetmediklerini dile getirmislerdir. Katilimcilarin
cogu (77,8%) smiflarinda problem tabanli STEM uygulamalarina yer verme konusunda kendilerini
yeterli bulurken, bazi katilimcilar (22,2%) ise kendilerini yetersiz hissettiklerini belirtmislerdir. Bunun
yaninda milhendislik tasarim siirecini siniflarinda uygularken 6gretmenlerin ¢ogu (72,2%) kendini
yetersiz hissederken, baz1 6gretmenler (27,8%) ise kendilerini yeterli bulduklarini dile getirmislerdir.
Katilimeilarin ¢ogu (72,2%) siniflarinda birden fazla ¢6ziimii olan giindelik hayat problemlerini
kullanmakta kendilerini yeterli hissettiklerini sdylemistir. Bu arastirmadan hareketle, arastirmacilar
STEM egitimiyle ilgili daha fazla egitimi olan 6gretmenlerin STEM 0&zyeterlik algilarinin daha yiiksek
oldugunu ve smiflarinda daha fazla STEM egitim uygulamalari yapmaya yatkin olduklarim
gozlemlemistir. Bu calismada bazi simirliliklarda bulunmaktadir. Calisma pandemi doneminde
gergeklestirildiginden hedeflenen katilimc1 sayisina ulasilamamustir. Kiigiik bir orneklem ile
gergeklestirilen bu calismanin gelecek calismalarda biiyiilk 6rneklemler yapilmasi Onerilmektedir.
Ayrica Ogretmenlere hizmetici STEM egitimleri verilerek katilimcilarin STEM egitimiyle ilgili
ozyeterlik algilarinda nasil bir farklilagsma oldugunun arastirilmasi da dnerilmektedir. Calismaya sadece
kadin 6gretmenler katilim gosterdiginden planlanacak ¢alismalara erkek 6gretmenlerinde dahil edilerek
kadin ve erkek oOgretmenlerin STEM Ozyeterlik algilarindaki farklilagmanin belirlenmesi de
onerilmektedir.
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