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Abstract 

Student academic success is key to education. The problem was not all middle school students, 

grades 6–8, across southeastern South Carolina were performing at a level of academic readiness 

for the next grade level. The study filled gaps in the literature by examining participants’ 

perceptions of science, technology, engineering, and mathematics (STEM) initiatives on 

academic success of middle school students. The purpose was to explore perceptions of the 

effectiveness STEM initiatives on student academic success at three middle schools in 

southeastern South Carolina. Constructivist Learning Theory was the main theoretical 

framework of the study, along with Zone of Proximal Development and Transformational 

Leadership. Research questions were based on skills learned, STEM experiences, and strategies 

used at each school. Fifteen participants completed a questionnaire and were interviewed. 

Responses were evaluated as a whole. The questionnaires were completed through 

SurveyMonkey, while the interviews were completed over the phone. Responses were 

transcribed, and thematic analysis was used to identify six themes in the data: academic 

achievement, how critical thinking was fostered, long-term impact for students, implementation 

strategies, challenges in implementation, and the needs of teachers to implement initiatives. 

Ninety-three percent of the participants perceived STEM benefits all students by fostering 

critical thinking and problem-solving skills and provided real-world situations in the classroom. 

Recommendations were made for state and district education agencies, school principals, and 

college teacher preparation programs. 

Keywords: STEM, STEM education, perceptions of STEM, middle schools, best 

practices, constructivism learning theory, transformational leadership 
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Chapter 1 

Science, technology, engineering, and mathematics (STEM) has been the basis for 

breakthroughs, technological innovations, and inventions throughout American history (National 

Science & Technology Council, 2018). STEM education is an interdisciplinary approach to 

learning which ties rigorous academic concepts with real-world lessons (Bess, 2019). Students 

apply STEM in contexts that connect school, community, work, and global enterprise (Bess, 

2019).  

Believed to be vital in promoting innovation, efficiency, and general economic growth, 

STEM education is perceived as crucial throughout many countries as it is believed to be vital in 

promoting innovation, efficiency, and general economic growth (English, 2017). Mounting 

global attention has focused on STEM initiatives because these skills have been in higher 

demand, not only in STEM careers but in various other occupations (English, 2017). 

Students are the future workforce (Mand Labs, 2020). Students ought to be exposed to 

STEM to be fully prepared and qualified for future STEM vacancies (Mand Labs, 2020). Studies 

have shown South Carolina ranked 44th of the 50 states in education (WLTX, 2020). The case 

study could provide insights to other administrators, based on the perceptions of educators who 

were part of a school that implemented some sort of STEM initiative. 

Best practices for effective STEM education include the integration of mathematics and 

science (Margot & Kettler, 2019). By providing integrated teaching and STEM career 

exploration, eighth grade students were encouraged to succeed in school and consider STEM-

related careers in the future (Kier & Blanchard, 2020). The potential benefits of further study 

allow other schools to see the advantages of implementing STEM initiatives. Major sections of 

Chapter 1 consist of the background of the problem, statement of the problem, the purpose of the 
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study, the significance of the study, research questions, theoretical framework, definitions of 

terms, assumptions, scope and delimitations, limitations, and chapter summary. 

Background of the Problem 

The background of the research problem was focused on the idea of whether or not South 

Carolina was to be pertinent in the workforce of the future, implementing quality STEM 

education in middle school was imperative (Bicer et al., 2015). The problem focused on how 

vital teaching STEM is in grades K–12. By developing interest, students were encouraged to 

succeed in school and pursue STEM-related careers (Bicer et al., 2015). 

The first person who introduced and supported the notion of the ineffectiveness of 

teaching with the traditional lecture style was Dr. Donald Bligh (Fendos, 2018). Research 

showed the sooner educators tapped into children’s abilities and encouraged their wonders about 

the world by starting a foundation for STEM education, the more successful they were later in 

life (Mand Labs, 2020). Empirical evidence showed the United States began to get away from 

lecture-based education to support a more interactive, student-centered education (Fendos, 

2018). 

No matter where students live, their academic achievement, or their social background, 

students should have access to STEM-based instruction at school (Bicer et al., 2015). Traversing 

the current STEM plans was challenging for states and schools but suggesting ways to advance 

STEM education was even more problematic (English, 2017). As integrated disciplines, STEM 

enhances the processes through which humans navigate life by expanding how people interact 

with each other, the approach by which people live life, and the different ways in which people 

find significance in the world (Johnson et al., 2018). 

According to the Nation’s Report Card (as cited in Newman et al., 2015), approximately 
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three-fourths of eighth-graders in the United States in 2012 demonstrated a basic knowledge of 

mathematics. Only about one-third were performing at proficient or grade level on standardized 

exams. In 2017, two-fifths of the U.S. fourth-grade students who attended public schools scored 

at or above the proficient level in math, and one-third of eighth-graders did the same in public 

schools (National Assessment of Educational Progress [NAEP], 2017). 

A gap existed in the research. Little has been studied related to STEM education in 

middle schools, with most of the research being conducted in grades 9–12 (Blotnicky et al., 

2018). Few studies have investigated the perceptions of the effectiveness of STEM initiatives on 

academic success in middle school (English, 2016). 

Statement of the Problem 

The problem was not all middle school students, grades 6–8, across southeastern South 

Carolina, performed at a level of academic readiness for the next grade level. According to the 

results of South Carolina standardized tests from 2019, students who attended a school with 

STEM initiatives were more likely to score at a level of readiness for the next grade level (South 

Carolina Department of Education [SCDE], 2019b). Approximately 290 schools in South 

Carolina serve middle school students, but fewer than 60 schools had STEM initiatives or 

programs (Carolina School Hub, 2020). 

A 15-year meta-analysis on the advantages of hands-on learning, which included 57 

studies, 13,000 students, and 1,000 classrooms, showed students who participated in activity-

based curriculum performed up to 20% higher than students who used traditional or textbook 

curriculum (Mand Labs, 2020). Few studies have investigated the perceptions of the 

effectiveness of STEM programs on student academic success (English, 2016). Examples of 

ways to teach STEM concepts in schools were the focus of most articles written. How educators 
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felt STEM education impacted academic achievement, especially across the board and 

integrating all subject areas, had not been a focus of research. Many teachers believed 

themselves incompetent to teach STEM (Yildirim & Türk, 2018). 

Purpose of the Study 

The goal of the study was to discover and understand how school educators perceived the 

effectiveness of STEM initiatives on student academic success. The purpose was to explore 

perceptions of the effectiveness STEM initiatives on student academic success at three middle 

schools in southeastern South Carolina. In-depth understanding of the perceptions of the 

educators involved in the study was needed. 

As a form of research methodology, a qualitative case study allowed for a description of 

the perceptions of educators to gain subjective and pure perceptions of the real-world 

experiences of the participants with accuracy (Koopman, 2017). The case study explored the 

perceptions of educators of the effectiveness of STEM initiatives on student academic success in 

middle schools in southeastern South Carolina. The rationale for using the research design of a 

case study was to explain how and why STEM initiatives were effective on student academic 

success, based on the perceptions of educators.  

The goal of the study was to explore how participants felt the STEM initiatives impacted 

student academic success. Study participants were educators from three middle schools in 

southeastern South Carolina. All three middle schools provided STEM initiatives for students in 

the school. Participants from three middle schools in three districts were used, along with 

teachers from different grade levels who taught different subject areas and administrators and 

instructional coaches. 

Significance of the Study 



EDUCATOR PERCEPTIONS OF STEM EDUCATION 17 

 

By expanding awareness of the various ways to implement STEM initiatives in middle 

schools, the study expanded an understanding of teaching the importance of STEM education 

and the effectiveness of STEM initiatives on student academic success. Studies showed students 

exposed to STEM education at an early grade level performed better in math and science later on 

in school (Mand Labs, 2020). The research could expand the perceptions of educators of the 

impact of STEM education on middle school students’ academic success (Neubauer et al., 2019). 

High-quality learning environments nurture a lifelong interest in STEM (Mand Labs, 

2020). STEM education provides students with a structure to encourage students’ natural 

disposition to question, build, and explore. Students’ natural disposition to question, build, and 

explore validates why STEM education ought to be introduced in all elementary schools and 

offered in all middle schools for all students across the United States (Mand Labs, 2020). 

As less than 25% of public middle schools in South Carolina had STEM initiatives, the 

study results may lead to curriculum policy changes and improved professional practices 

(Carolina School Hub, 2020). Fendos (2018) discussed the importance of inquiry-based learning 

through STEM education. By describing STEM initiatives through the perceptions of educators 

who were involved in the initiatives daily, other school administrators may decide to start STEM 

initiatives (Stahnke et al., 2016). 

By implementing STEM initiatives in middle schools, teachers’ professional practice 

improved (Johnson et al., 2018). STEM teachers need multidisciplinary knowledge (El Nagdi et 

al., 2018). There is a unique set of pedagogical applications which help fulfill a strong STEM 

integration curriculum (OwlGen, 2020). 

Social changes impact the way humans interact, and the different relationships alter 

cultural and social organizations over time, providing weighty results for society (Dunfey, 2019). 
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The responsibility of education as an agent of social transformation is highly accepted (OwlGen, 

2020). Schools as institutions have improved over time due to many social developments 

throughout history (Dunfey, 2019). 

In an attempt to maintain a lead in most fields in the globalized world, the United States 

needed to implement high-quality STEM education in schools but were slow to do so (El Nagdi 

et al., 2018). Reports showed U.S. students had been falling behind in performance on 

international tests, particularly in science and mathematics, since 1985 (El Nagdi et al., 2018). 

Policymakers were calling for integrated considerations to STEM education in grades K–12. 

Implications of the study informed both schools and policymakers to implement STEM 

education in most, if not all, schools across the United States. 

Research Questions 

Exploring the perceptions of the effectiveness of STEM initiatives on student academic 

success at three middle schools in southeastern South Carolina was the purpose of the case study. 

The following research questions guided the study: 

Research Question 1: What did middle school educators feel were the benefits students 

received from participating in STEM programs based on the results of the standardized tests for 

the state?  

Research Question 2: How did educators describe the experiences of students while 

participating in STEM initiatives? 

Research Question 3: How did educators perceive strategies of STEM education to be 

effective in helping middle school students achieve academic success?  

Theoretical Framework 

Many changes throughout the world have led to a shift in students’ capabilities (Tan et 
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al., 2017). The shift created what scholars called 21st-century learners (Tan et al., 2017). 

Students went from solely obtaining knowledge to needing to have a mastery of the 

implementation of 21st-century skills (Barak, 2017). Key elements of the theoretical framework 

were constructivism, zone of proximal development, and transformational leadership. 

Constructivism is centered on a hands-on approach to learning, as is STEM education (Nugroho 

& Wulandari, 2017). Zone of proximal development is the theory students learn from each other 

through social engagement and culture (Sharkins et al., 2017). Transformational leaders wanted 

positive changes to occur in schools and supported innovative ideas (Kouni et al., 2018). 

According to Lamm et al. (2016) leadership in the school needed to accept a STEM program to 

significantly affect a school. 

Constructivism incorporates an inquiry-based learning style, consisting of project-based 

learning, which makes the classroom student-focused (TES Editorial, 2018). For students to 

succeed in school, leaders needed to make sure the focus was on the students (Young et al., 

2017). When students were allowed to take an active role in learning, STEM education allowed 

students to become excited about learning and STEM careers (Kouni et al., 2018). 

Project-based learning and the engineering design process are critical components of 

STEM education, built on the constructivist learning theory (Johnson et al., 2018). The skills 

learned create scientifically literate students (Next Generation Science Standards, 2020). The 

engineering design process has a similar progression of steps engineers use in real life (National 

Aeronautics and Space Administration, 2018). The steps to a successful operation were to ask 

questions, imagine different solutions, plan two or three designs, create and test a model, and 

improve the model based on the testing step results (National Aeronautics and Space 

Administration, 2018).  
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The phenomenon of the study was grounded on the participants’ perceptions, which 

allowed for a comprehension of the participants’ meaning regarding personal experiences with 

STEM implementation (Clark & Vealé, 2018). The research questions of the study helped 

describe perceptions of the effectiveness of STEM initiatives on student academic success on 

middle school students. Open-ended questions guided the questionnaire responses, and the 

interview responses allowed the educators to describe the importance of hands-on learning 

through STEM education (Creswell & Poth, 2018). For leaders to see the full potential of the 

STEM program for students, schools needed to fully implement STEM education (Iqbal et al., 

2016). 

Constructivism learning theory was the main theoretical framework used, along with 

zone of proximal development and transformational leadership. Constructivism was chosen 

based on the applicability to STEM education (Huet, 2018). STEM education and constructivism 

are active learning approaches, as is the zone of proximal development (Barak, 2017). A second 

facet within the theoretical framework was transformational leadership (Lamm et al., 2016). 

Transformational leadership allowed for an acceptance of STEM initiatives, as leadership 

positively affected education and staff development (Lamm et al., 2016). 

Definitions of Terms 

The following definitions in describing the qualitative case study are needed. A clear 

identifiable definition of each word or phrase developed an understanding of the concepts 

described. 

College and Career Readiness. College and Career Readiness is a classification for a 

student who is ready for college, careers, life, and the future is college and career ready 

(Achieve, 2020). 
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Exceeded Expectations on Standardized Test. When a student scores exceeded 

expectations on the state test, the indication is the student is well prepared for the next grade 

level and is college and career ready (SCDE, 2019a). 

Met Expectations on Standardized Test. When a student scores met expectations on the 

state test, the student is prepared for the next grade level and on track for college and career 

readiness (SCDE, 2019a). 

Proficient Level of Academic Readiness. When a student scores at the proficient level on 

an assessment, the student demonstrated strong academic performance and competency in the 

subject matter (NAEP, 2020). 

Project-Based Learning. Project-based learning is a teaching method in which students 

learn by being actively engaged in real-world and interest-based projects (Buck Institute for 

Education, 2020). 

Raw Score. A raw score is an unaltered or untransformed score; how many items were 

answered correctly on a test (Klein, 2019). 

Related Arts. Nonacademic classes from which students choose (e.g., band, chorus, art, 

Spanish, engineering, physical education) (South Carolina Department of Education, 2021). 

Science, Technology, Engineering, and Mathematics (STEM) Education. STEM 

education is an interdisciplinary approach to learning in which rigorous academic concepts are 

coupled with real-world lessons as students apply STEM in contexts which make connections 

between school, community, work, and the global enterprise (Bess, 2019). 

Transformational Leadership. A leadership style in which the leader encourages, 

motivates, and inspires employees to be innovative and create a change which can help develop 

and form the future success of the company (White, 2018). 
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Assumptions 

Assumptions in research studies are beyond one’s control but were still needed to ensure 

the credibility of the study (Wolgemuth et al., 2017). Assumptions were believed to be correct 

for a specific purpose, which allowed the research study to produce valid results (Theofanidis & 

Fountouki, 2018). The section includes a description of the assumptions used in the study. 

The first assumption was the educators completing the questionnaire and interview 

questions had STEM education experiences. All three schools chosen for the research had STEM 

initiatives. To be eligible for study inclusion, participants must have had at least three years of 

teaching experience, worked at the present school site for at least two years, had an 

understanding of the STEM initiatives at the school, had direct knowledge or experience of 

STEM students and could explain and discuss student academic success in the classroom. Use of 

a purposive sample that met these inclusion criteria confirmed the participants had similar 

experiences within the study.  

Another assumption in the study was the philosophical assumption which states reality 

happens by individuals interacting within their social world (Wolgemuth et al., 2017). The 

experiences of the participants were described to give meaning to their perceptions through the 

expression of answers (Horrigan-Kelly et al., 2016). The accepted assumption made in the open-

ended questionnaires and interview questions was participants would give authentic responses 

(Theofanidis & Fountouki, 2018). The experiences about the effectiveness STEM education had 

on student academic success were described through the lenses of the experiences of the 

participants (Horrigan-Kelly et al., 2016).  

The idea that STEM education is essential and vital in education was the third assumption 

in the study. The importance of STEM education grew over the years (Johnson et al., 2018). 
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Since 2015, more schools have realized the importance and have started to implement STEM 

initiatives (Johnson et al., 2018). Without the assumption of the future importance of STEM 

education, the study would not have been necessary. 

Scope and Delimitations 

Limitations set in place in a study were the scope and delimitations (Theofanidis & 

Fountouki, 2018). Several scope and delimitation factors were applied in the study. The initial 

factor was the choice of the research problem. The variable of interest and aspiration to have 

more students achieve academic success through STEM initiatives across South Carolina was the 

focus of the study. 

The use of purposive sampling for participant selection was a delimitating factor. In order 

to take part in the research study, participants had to meet the inclusion criteria. In a case study, 

the number of participants is dependent on the saturation of the information (Creswell & Poth, 

2018). This study involved 15 purposefully selected participants. Saturation was used as a 

criterion to discontinue data collection. The saturation of data occurs at the point when new data 

does not add any new information (Saunders et al., 2018).  

Three research questions guided the study. A questionnaire consisting of 10 open-ended 

questions, and an interview consisting of 10 questions were created based on the variable of 

interest. Five subject-matter experts field-tested the questions for the questionnaire and 

interview. Qualitative questions helped to gain an understanding of each person’s point of view.  

Limitations 

Restrictions concerning research design and methodology are limitations of a study 

(Theofanidis & Fountouki, 2018). The limitations of the research study are beyond one’s control 

(Theofanidis & Fountouki, 2018). The study had several potential limitations. The participants’ 
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number of employment years at the school was the first limitation. Participants needed to have 

enough teaching experience and time served at the present school site to make reliable inferences 

and observations (Creswell & Poth, 2018). The limitation excluded some teachers at the schools 

from participating in the study as some teachers did not have at least two years of experience at 

the school site. Participants needed to have experienced the STEM initiatives phenomenon at the 

school site long enough to understand the phenomenon (van Manen, 2014). Participants also had 

to have had an understanding of the STEM initiatives at the school, direct knowledge or 

experience with STEM students, and could explain and discuss student academic success in the 

classroom. 

Another limitation of the study was the methodology chosen, which was a case study. 

There could not have been a complete replication of the study for verification purposes due to the 

chosen methodology. The participants’ viewpoints and perceptions at certain schools were the 

basis of the study (Anczyk et al., 2019). The study recorded the perceptions of 15 educators from 

three specific middle schools; therefore, the results could not be generalized to the larger 

population. 

Chapter Summary 

The background of the research problem was focused on the idea that if South Carolina 

were to be relevant in the workforce, quality STEM education was imperative (Bicer et al., 

2015). The problem was not all middle school students across southeastern South Carolina 

performed at a level of academic readiness for the next grade level. According to South Carolina 

standardized tests, students who attended a school with STEM initiatives were more likely to 

score at the level of proficiency (SCDE, 2019b). 

The purpose of the case study was to explore the perceptions of the effectiveness of 
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STEM initiatives on student academic success at three middle schools in southeastern South 

Carolina. The study was significant due to the lack of research conducted on the perceptions of 

educators on the effectiveness of STEM initiatives on student academic success. The theoretical 

framework of the study was a combination of constructivism, zone of proximal development, 

and transformational leadership, which guided and supported the study. Three assumptions were 

applied to the study and were needed to ensure the relevance of the study.  

The next chapter consists of the literature search strategy and theoretical framework. 

Chapter 2 includes a synthesis of the literature on academic problems in education and the 

significance of STEM education. Best practices in education, the impact of STEM education 

implementation, and different perceptions of STEM education are discussed. The future of 

STEM education and gaps in the literature are also a part of Chapter 2. The chapter concludes 

with a summary. 
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Chapter 2: Literature Review 

The problem was not all middle school students, grades 6–8, performed at a level of 

academic readiness for the next grade level across southeastern South Carolina. According to 

South Carolina standardized tests, students who attended a school with STEM initiatives were 

more likely to score at the level of proficiency (SCDE, 2019b). The background of the research 

problem was focused on the importance of the future workforce of South Carolina. If South 

Carolina were to be relevant in the workforce, quality STEM education in school was imperative 

(Bicer et al., 2015). The purpose of the study was to explore the perceptions of the effectiveness 

of STEM initiatives on student academic success at three middle schools in southeastern South 

Carolina.  

When best practices are used in education, students reap the benefits (Bicer et al., 2015). 

Best practices for effective education included integrating mathematics and science for teaching 

STEM (Margot & Kettler, 2019). Teaching STEM in grades K–12 is vital to develop an interest 

in students in one of the STEM-related subjects (Bicer et al., 2015).  

Through teaching integrated STEM in grades K–12, students are encouraged to succeed 

in school and consider a STEM-related career in the future (Kier & Blanchard, 2020). STEM 

schools are necessary for students, no matter where students live, the academic achievement or 

social background of the student (Bicer et al., 2015). A gap existed in literature as little research 

had been conducted on STEM education in middle schools, with most of the research being 

conducted in grades 9 – 12 (Blotnicky et al., 2018). 

The literature search strategy and theoretical framework begin Chapter 2. The research 

literature review consists of explorations of the academic problems in education, the significance 

of STEM education, best practices in education, and STEM education. The different perceptions 
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of STEM education are then discussed, along with the future of STEM education. The chapter 

closes by describing gaps in the literature as well as a chapter summary. 

Literature Search Strategy 

The research reviewed for the study was obtained from peer-reviewed journals, books, 

articles, and primary sources. The literature search strategy section presented the tools and 

strategies used to search for, find, and document articles pertinent to studying the 

implementation and perceptions of STEM education. Identified search engines and databases 

used in the study and an included list of the keywords utilized in the literature search are in the 

section. 

The literature included in the seven major sections of the literature review was from 

various resources accessed through the American College of Education (ACE) library. The 

library resource allowed for searches into peer-reviewed articles and educationally sound articles 

and research studies related to the terms relevant to the research study. Furthermore, resources 

were found using Google Scholar when supplemental articles or corroboration were required, or 

when full texts were unavailable through the ACE library. Books by experts in the field of theory 

and STEM education were purchased or borrowed. 

Key words searched during the study were exclusive to the two primary concepts covered 

throughout the literature review: the conceptual framework and the research literature review. 

The conceptual framework required searches using the following terms: constructivism, hands-

on learning, project-based learning, Von Glasersfeld, Bloom’s taxonomy, constructivism 

learning theory, experiential learning, David Kolb, Lev Vygotsky, zone of proximal development 

(ZPD), and conceptual framework. The literature review required searches using the following 

terms: science, technology, engineering, and mathematics; science, technology, engineering, and 
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mathematics education; integrated curriculum; student perceptions; teacher perceptions; 

education; middle school; motivation; multidisciplinary; importance of science, technology, 

engineering, and mathematics education; effect of science, technology, engineering, and 

mathematics education; teaching; opinions of science, technology, engineering, and mathematics 

education; best practices in education; and science, technology, engineering, and mathematics 

strategies. 

Theoretical Framework 

Many changes throughout the world have led to a shift in students’ capabilities (Tan et 

al., 2017). This shift has created what scholars call 21st-century learners (Tan et al., 2017). 

Students have gone from solely obtaining knowledge to needing to have a mastery of 21st-

century skills (Barak, 2017). The constructivist learning theory was one of the influential 

philosophies in education for the 21st century (Krahenbuhl, 2016). Leadership in the school must 

offer STEM programs to significantly impact student learning (Lamm et al., 2016). 

Constructivist Learning Theory 

The study was based upon the constructivist learning theory (Akron & Aşiroğlu, 2018). 

The foundation of constructivism is the idea students learn by doing and actively constructing 

knowledge rather than being told the information (Barak, 2017). One of the main approaches in 

education is constructivism. Constructivism is student-centered and STEM education is built 

upon student-centered learning (Huet, 2018). Putting the child at the center of the learning while 

incorporating inquiry-based learning and completion of projects are the foundations of 

constructivism (TES Editorial, 2018). 

State and national guidelines in science changed the teaching methods and practices in 

the classroom (Barak, 2017). The focus of education is on the constructivist learning theory, 
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which allows educators to aid students in deep learning and abstract thinking (Barak, 2017). For 

students to succeed in school, the focus needs to be on the students (Kwon et al., 2021). The 

concept around constructivism consists of learning as an active and constructive development 

and is focused on learning and teaching through experiences (Nugroho & Wulandari, 2017). 

In a classroom, based on the constructivist learning theory, students discuss open-ended 

questions and find answers and explanations to real-world problems (Sharkins et al., 2017). Jean 

Piaget was a Swiss psychologist known for his constructivist theory of learning (Smith, 2017). 

The beliefs of Piaget were around the idea in which students’ interactions with the world actively 

constructed knowledge through engaging in hands-on learning and exploration (Csizmadia et al., 

2019). Under the constructivist theory, the educational discussion focuses on student-centered 

education (Krahenbuhl, 2016). 

Piaget considered intellectual development a method of adaptation or adjustment to the 

world, which happened through assimilation, accommodation, and equilibration (McLeod, 

2018a). Assimilation uses existing knowledge to cope with new situations and accommodation 

occurred when the current knowledge did not work and needed to be changed to deal with the 

new situation. Equilibration keeps the learning going (McLeod, 2018a). Students found solutions 

to problems in constructivist classrooms, worked at one’s own pace, and justified thought 

processes related to how the answer was reached (Sharkins et al., 2017). 

A German philosopher, Ernst von Glasersfeld believed learners should take an active 

learning role (Riegler, 2018). The belief of Ernst von Glasersfeld was students needed to extend 

the knowledge already possessed and experienced in obtaining the new knowledge (Huet, 2018). 

The center of constructivism is on a meaning-making procedure in which students make distinct 

understandings of experiences, thereby constructing meaning in each person’s mind 
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(Krahenbuhl, 2016). Many philosophers and psychologists have had similar theories to 

constructivism throughout the years discussing education (Clark, 2018). Although the theories 

were slightly different, the overall concepts were similar, as in the constructivist learning theory 

and the zone of proximal development (ZPD) theory (Clark, 2018). 

Zone of Proximal Development 

Lev Vygotsky was a Russian psychologist whose sociocultural approach led to the 

concept of the ZPD (McLeod, 2018b). The primary basis in constructivism was Vygotsky’s 

social development theory (Clark, 2018). Vygotsky believed the ZPD was through social 

engagement and culture, which allows for a scaffolding approach in which students learn from 

each other (Sharkins et al., 2017). The social development theory of ZPD indicates social 

connections come before cognitive reasoning and assists students in discovering more profound 

meaning in new information (Sharkins et al., 2017). 

Project-based learning is a teaching method based on Vygotsky’s ZPD (Clark, 2018). 

Research suggests students learned not only content but thinking strategies by learning through 

the personal involvement of solving problems (Moallen & Igoe, 2018). Through project-based 

learning, students obtain new knowledge and skills by solving an authentic problem, question, or 

challenge (DeMink-Carthew & Olofson, 2020). 

Teachers play an essential role in the idea of Vygotsky’s approach to ZPD through 

scaffolding (Clark, 2018). Project-based learning is a teaching strategy that emphasizes learning 

through scaffolding (Jamaluddin et al., 2019). Vygotsky believed scaffolding during project-

based learning allowed for distinct stages of thinking, observing, and analyzing demonstrated by 

students (Sharkins et al., 2017). Proper leadership plays an integral role in education (Jamaluddin 

et al., 2019). 
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Transformational Leadership 

For STEM to have the most significant impact in a school, the leadership of the school 

needed to accept the program (Lamm et al., 2016). According to Kouni et al. (2018), 

international research showed when transformational leadership was applied effectively in 

schools, there was a positive effect on the conditions in the school. Supporting STEM initiatives 

equates to supporting the entire school (Chiu et al., 2015). Transformational leadership positively 

impacted teachers’ behavior and internal states, which influenced overall job satisfaction (Iqbal 

et al., 2016). Job satisfaction of a teacher affected the lives of others, especially the students, and 

a strong positive correlation existed between job satisfaction and student performance and 

progress (Iqbal et al., 2016). 

The amount of satisfaction a teacher had within the profession influenced how the teacher 

carried out the educational role and duties, reflected on the quality of the education provided to 

students (Lamm et al., 2016). Most teachers believed professional growth was based on 

transformational leadership in the educational setting (Kouni et al., 2018). Because 

transformational leadership is about relationships, the leadership generates satisfactory progress 

(Iqbal et al., 2016). Teachers reported the individuals who supported transformational leadership 

led to the most significant level of professional development, along with a high level of 

motivation (Kouni et al., 2018). 

A critical factor for solid student and teacher performance and student achievement was 

school leadership (Anderson, 2017). Transformational leadership positively forecasted a 

commitment to change within a school (Lamm et al., 2016). The leader’s character was a factor 

in the motivation of workers’ creativity (Zhang et al., 2018). The style of leadership which had 

the power to transform approaches, beliefs, and performances of workers to a level of motivation 
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to achieve the highest level of achievement and performance imaginable was transformational 

leadership (Anderson, 2017). Transformational leaders brought out the best in workers as the 

leadership focused on innovations, reform, and change and revealed the finest in teams to come 

together and problem-solve (Lamm et al., 2016).  

Research Literature Review 

The study addressed gaps in understanding (Creswell & Poth, 2018) how perceptions of 

the effectiveness of STEM initiatives impacted the academic success of the students. The 

research questions of the study were developed through the lens of the theoretical framework and 

a result of the lack of available research documenting perceptions of the effectiveness of STEM 

initiatives on student success in middle schools (Office of Innovation and Improvement, 2016). 

The research design of the study fits the context of understanding the perceptions of the 

effectiveness of STEM initiatives on student success at the middle school level. 

Academic Problems in Education 

STEM education has been a critical issue inside and outside of schools and has 

influenced student achievement in many different ways (Han et al., 2015). Studies have shown 

over half of the students in the United States were not proficient in mathematics and science 

(Bicer et al., 2015). The same studies showed students in the United States did not perform as 

well as students in other developed countries, like Singapore (Bicer et al., 2015). According to 

the 2015 Programme for International Student Assessment (PISA), students in the United States 

ranked 38th out of 71 countries in math and science (Desilver, 2015). The Trends in International 

Mathematics and Science Study (TIMSS) tested students every four years in grades four and 

eight, since 1995 (Desilver, 2015). The study showed in 2015, 10 countries out of 48 had 

statistically higher average scores in math for fourth graders in the United States while seven 
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countries had higher average scores than fourth-graders in science and eighth-graders in math 

and science in the U.S. (Desilver, 2015). 

Other countries exceeded the United States in STEM-related bachelor’s degrees, with 

only 33% of students in the United States studying a STEM-related field, compared to 

approximately 63% of students in Japan (Newman et al., 2015). Across the United States, 

students were falling behind other industrialized countries in STEM participation and 

performance (Congressional Research Service, 2018). 

Public schools were created for all students in the United States to have the same access 

to quality education, but in the 21st century, not all schools offered the same type of education 

(Bottia et al., 2018). What college or university a student attended, or whether they decided to 

attend college, depended on the qualifications and courses offered by their previous middle and 

high schools (Thiele et al., 2016). Not all public schools across the United States provided the 

same curriculum or the same opportunities for students, especially when looking at low-income 

families compared to wealthy families (Bottia et al., 2018). 

History of the Nation’s Report Card (United States) 

Some believed the nation’s primary way to survive was if the people were appropriately 

educated (Bottia et al., 2018). NAEP test scores were released as the Nation’s Report Card and 

measured what students in the United States knew and could do in different subject areas in 

grades 4, 8, and 12 (NAEP, 2020). Brown (2019) revealed the concept of a national assessment, 

which began with Francis Keppel in 1964, then-U.S. Commissioner of Education. Keppel 

realized there was a need for a national assessment to provide data regarding students’ 

knowledge, skills, and abilities (NAEP, 2020). The same year, 1964, the formation of the 
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Exploratory Committee for the Assessment Progress of Education occurred. In 1969, the 

successful administration of the NAEP test happened for the first time (Brown, 2019). 

Students across the United States take the NAEP test every year in mathematics and 

reading and the state assessment is required by all states (NAEP, 2020). The NAEP (2018) was 

different from the state assessment. States tested grade-level content based on the standards of 

the individual state. The NAEP test, which was the same across states, was given in all states in 

the U.S. to provide a standard evaluation of achievement (U.S. Department of Education 

[USDE], 2015). 

According to the USDE (2015), there were three levels of scoring for student 

achievement. Basic indicated the student had partially mastered prerequisite knowledge and 

skills necessary to be proficient at the current grade level (USDE, 2015). Proficient indicated the 

student had a solid academic ability for the grade level and had demonstrated mastery in the 

subject area (USDE, 2015). The highest level, advanced, indicated the student was above grade 

level in performance (USDE, 2015). 

Mathematics and Reading Scores 

For the Nation’s Report Card, the mathematics and reading results were available yearly 

for national, state, and district jurisdictions (National Assessment Governing Board, 2019). 

Newman et al. (2015) reported, according to the Nation’s Report Card, approximately 73% of 

eighth-graders in the United States in 2012 demonstrated a basic knowledge of mathematics, and 

only about 35% were performing at the proficient level. When the scores were released, South 

Carolina ranked 41st out of 50 for mathematics and reading, with only 26% of eighth-grade 

students in mathematics and 28% of eighth-grade students in reading scoring at the proficient 

level (Selbe, 2016). In 2015, 40% of the U.S. fourth-grade students and 33% of the eighth-
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graders who attended public schools scored at or above the proficient level in math in public 

schools (NAEP, 2017). 

The federal government announced the scores in reading and mathematics for students in 

grades 4 and 8 (National Assessment Governing Board, 2019). There were many changes in the 

scores in rankings in 2017 (Chingos et al., 2019). Of the five states which improved and moved 

up the rankings the most, four were in the South, with South Carolina moving up by 56 points 

(National Assessment Governing Board, 2019). When the scores were released, states were 

ranked based on the mean percentage of students in grades 4 and 8 who scored proficient or 

higher on the mathematics and reading assessment (Selbe, 2016). 

Raw scores were adjusted for the following factors: age, race or ethnicity, special 

education status, English language learner status, and free and reduced-price lunch eligibility 

(Blagg et al., 2020). After the adjustments for eighth-grade mathematics, South Carolina ranked 

19th, up from 26th two years earlier (USDE, 2019). In reading, South Carolina ranked 15th, up 

from 32nd two years earlier (USDE, 2019). For eighth-grade mathematics, before adjusting 

scores for the factors mentioned earlier, South Carolina ranked 39th of the 50 states (USDE, 

2019). Overall, for the United States, 34% of eighth-grade students scored proficient or higher in 

mathematics and reading (USDE, 2019). 

In South Carolina, middle school students took the South Carolina College- and Career-

Ready Assessments for English language arts (ELA) and mathematics annually (SCDE, 2019b). 

With the South Carolina College- and Career-Ready Assessments, test questions aligned with the 

South Carolina state standards in mathematics and ELA (SCDE, 2019b). The standards guided 

the teaching and expectations of what students learned each year in mathematics and ELA 
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(SCDE, 2019b). An average of 38.6% of middle school students met or exceeded expectations in 

mathematics and ELA (SCDE, 2019b). 

For sixth-graders, 43.9% met or exceeded expectations in mathematics, and 41% met or 

exceeded expectations in ELA (SCDE, 2019b). In seventh grade, 35.3% of the students met or 

exceeded expectations in mathematics, and 44% met or exceeded expectations in ELA (SCDE, 

2019b). With the eighth-grade students, 36.6% met or exceeded expectations in mathematics, 

and 44.6% met or exceeded expectations in ELA (SCDE, 2019b). 

For some schools with a school-wide STEM initiative, the South Carolina College- and 

Career-Ready Assessments scores looked different than the scores of the state as a whole 

(SCDE, 2019b). Test scores for one middle school in southeastern South Carolina without a 

STEM program showed 18.5% of the students met or exceeded expectations in mathematics, and 

22.8% met or exceeded expectations in ELA. At another middle school in southeastern South 

Carolina with a school-wide STEM, 47% of the students met or exceeded expectations in 

mathematics, and 44.3% met or exceeded expectations in ELA. At a third middle school in 

southeastern South Carolina with a school-wide STEM program, 41.4% of the students met or 

exceeded expectations in mathematics, and 56.9% met or exceeded expectations in ELA. 

Science Scores 

Unlike the mathematics and reading NAEP tests, the science results were only available 

every four years from the national and district jurisdictions. However, the availability by state 

jurisdiction varied by year (NAEP, 2020). Across the United States, the science scores for most 

student groups in grade 8 were higher than six years prior (National Assessment Governing 

Board, 2015). 

Compared to six years prior, scores in physical science, life science, and Earth and space 
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sciences were higher for students in grade 8 (National Assessment Governing Board, 2015). 

Overall, for the United States, 34% of eighth-grade students scored proficient or higher in 

science (USDE, 2019). Even though less than 40% of eighth-graders scored proficient or higher, 

there was still an increase from years prior (USDE, 2019). 

For the state assessments in South Carolina, middle school students took the South 

Carolina Palmetto Assessment of State Standards (SCPASS) for science in grade 6 annually 

(SCDE, 2019b). With the SCPASS, test questions aligned with the South Carolina state 

standards in science (SCDE, 2019b). The standards guided the teaching and the students' 

learning expectations each year in science (SCDE, 2019b). 

In years past, across South Carolina, sixth- and eighth-grade students took the South 

Carolina state assessment in science (SCDE, 2019b). Of all students tested in sixth and eighth 

grades, 47.3% met or exceeded expectations in science (SCDE, 2019b). Students in seventh 

grade did not take the SCPASS for science (SCDE, 2019b). 

For some schools with a STEM school initiative, the scores for the SCPASS in science 

were better than the state average (SCDE, 2019b). At one middle school in southeastern South 

Carolina, test scores showed 26.9% of sixth- and eighth-graders met or exceeded expectations in 

science. At another middle school in southeastern South Carolina with a school-wide STEM 

initiative, 52.5% of the students met or exceeded expectations in science. At a third middle 

school in southeastern South Carolina with a school-wide STEM initiative, 49.5% of the students 

met or exceeded expectations in science. 

Trends and Accountability 

Since the mid-1990s, school accountability systems had become a central focus of 

education reform in the United States (Dizon-Ross, 2020). When looking at U.S. test scores 
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holistically from 2005 to 2019, little to no progress had been made (Chingos et al., 2019). Since 

2009, mathematics scores of eighth-graders dropped by one point, and reading scores remained 

the same for the entire decade (Chingos et al., 2019). In New York City, low-performing schools 

receiving a failing grade for one school year improved performance the following year (Dizon-

Ross, 2020). 

National statistics revealed contrary ideas in terms of student academic achievement. A 

worrisome trend across the United States indicated scores dropped among low-performing 

students. In 2000, low-performing students started to show gains. Since 2009, the only group of 

students to achieve marginal gains were students in the top 10th percentile (Chingos et al., 2019). 

Many scholars believed teachers would want to teach in public schools where student 

achievement improved (Banerjee et al., 2017). Teachers value achievement and welcome school 

changes which support achievement improvements for students (Dizon-Ross, 2020). For some 

low-performing schools, there were two possibilities (Saw et al., 2017). Some identified schools 

were labeled low performing while placing others on a watch list, and some had resources and 

funding withheld or were forced to close (Saw et al., 2017). The commitment of the USDE to 

public schools and increasing achievement was indicated by setting goals (Dizon-Ross, 2020). 

Setting goals for science achievement as well as ELA and mathematics was a step in the right 

direction to improve education (Achieve, 2017). 

The Significance of STEM Education 

STEM is an educational approach to integrate the disciplines into 21st century skills 

(Yildirim & Türk, 2018). Thought to be crucial to encourage innovation, inventions, 

productivity, and economic growth, STEM was vital (English, 2017). The goal of schools in 

South Carolina is to produce 21st-century learners (SCDE, 2021). 
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The National Science Foundation created STEM education to provide all students with an 

education, including critical thinking and problem-solving skills, especially for underrepresented 

students (James & Singer, 2017). Some were concerned education could not keep up with the 

new demands and requirements of the 21st century (Meyer & Norman, 2020). The agreement in 

literature and research leaned toward integrating an assortment of STEM concepts as a practical 

and worthwhile effort to introduce to students in grades K–12 (James & Singer, 2017). 

The importance was for students across the United States to solve the problems of 

tomorrow (Morrow, 2020). The U.S. Department of Commerce (as cited in Engineering for Kids, 

2016) reported STEM careers were increasing at a rate of 17%, while other careers were only 

growing at a rate of 9.8%. Students who participated in STEM education in the K–12 setting had 

an advantage if choosing not to attend college after high school and an even more significant 

advantage if choosing to attend college, particularly in a STEM-related field (James & Singer, 

2017). Students had an increased civic engagement through STEM education, while learning to 

persevere to receive good grades (James & Singer, 2017). 

 The responsibility of school districts was to make sure each child had a worthwhile, 

quality learning environment (Morrow, 2020). STEM education provided a quality learning 

environment and produced students who knew how to think critically and problem-solve 

(Engineering for Kids, 2016). Furthermore, STEM education allowed the next generation of 

students to become innovators (Engineering for Kids, 2016). 

The youth are the workers of tomorrow and need a variety of skills (Poth, 2019). Schools 

need to prepare the youth to develop the skills necessary to solve problems with the knowledge 

taught and to know how to collect data and evidence to make decisions and evaluate information 

(Morrow, 2020). Results from international standardized testing and data from employment 
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vacancies showed students in the United States had a deficiency in mathematics and science 

skills (Israel, 2017, as cited in Ash et al., 2020). 

Genuine STEM education provides a vision that gives every student the opportunity to 

gain STEM-related goals (Holmlund et al., 2018). Innovation and improvements lead to new and 

improved products and support the economy (Engineering for Kids, 2016). Innovation permeates 

all aspects of one's life, as people are experiencing new and improved technology all of the time. 

STEM activities allow students to find different and creative solutions to real-world problems 

(Ozkan & Topsakal, 2017). 

Best Practices in Education 

The Profile of a South Carolina Graduate requires graduates to have world-class 

knowledge (SCDE, 2019b). World-class knowledge includes rigorous language arts and 

mathematics standards for career and college readiness and knowledge of multiple languages, 

STEM, arts, and social sciences (SCDE, 2019b). By exposing students to how STEM helps solve 

real-life problems, students start appreciating the numerous opportunities STEM skills unlock for 

the students in the future (Holmlund et al., 2018). 

Decrease Achievement Gaps 

STEM-based schools intended to decrease the achievement gaps in mathematics and 

science and improve standardized test scores of all K–12 students (Bicer et al., 2015). Schools 

implementing STEM programs produced better-prepared students for the future and improved 

the STEM-related workforce by creating innovators (Holmlund et al., 2018). Educators needed 

to produce 21st-century learners who knew basic science and mathematics (Bicer et al., 2015). 

School turnaround is the concept of a quick improvement in student achievement in low-

performing schools (VanGronigen & Meyers, 2019). The topic of school turnaround was critical 
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in K–12 public education. Students learn differently; consequently, several different teaching 

modes were required to reach individual student’s needs, which allowed for improved student 

achievement (Leasa et al., 2020). 

Hands-On Learning 

 Best practices in teaching are centered around the concepts of STEM education (Aquino, 

2017). The practices include using meaningful and engaging activities, which allow students to 

examine the problem in many ways and learn through failure with the engineering design 

practices and experiences (Estapa & Tank, 2017). Teaching mathematics and science through 

student-centered activities, which encourages communication and teamwork, is an imperative 

concept in STEM education (Estapa & Tank, 2017). Crossing boundaries of different school 

subjects is the basis for integrating STEM education (English, 2016). Teachers needed to make 

learning active because students learned more and remembered more from doing than listening 

(Aquino, 2017). 

John Dewey was an American philosopher who visualized what was to be known as 

experiential learning (Cherry, 2020b). Known for his leadership in the progressive movement in 

education in the United States, Dewey was a proponent of learning by doing (Beard, 2018). The 

driving force behind John Dewey’s educational views was his belief if teachers can relate school 

to life, then all studies will be correlated and meaningful for students (Masterson, 2016). 

Learning by and through experiences was a new kind of education in Dewey’s time (Pascucci, 

2016). 

In 1984, David Kolb adopted the idea of learning by doing (Cherry, 2020a). Kolb was an 

American educational theorist known for his work in experiential learning (Cherry, 2020a). 

Experiential learning has a four-cycle component: experiencing, reflecting, thinking, and acting 
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(Kolb & Kolb, 2018). Research showed learning needed to be focused on the student and be 

engaging (Watson et al., 2019). 

According to Kolb, experiential learning was interdisciplinary and facilitated students to 

create knowledge through experience (Kolb & Kolb, 2018). Learning is a continuous cycle, 

including concrete knowledge, reflective observations, abstract conceptualization, and active 

experimentation (McLeod, 2017). Kolb believed knowledge came from the grasping of 

experiences and transformed understandings (Cherry, 2020a). 

There are two main ways of understanding experience, and both are profoundly different: 

concrete experience and abstract thinking (Kolb & Kolb, 2018). Students ought to understand 

experiences concretely and then abstractly (Kolb & Kolb, 2017). After the student experiences a 

concept concretely, the student reflects on and observes the experience (Kolb & Kolb, 2017). As 

seen in Figure 1, the learner then moves into abstract conceptualization to grasp the learning 

experience and finally transforms the learning into active experimentation (Kolb & Kolb, 2017). 
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Figure 1 

Processing and Perception Continuum 

 

From Kolb’s Learning Styles and Experiential Learning Cycle, by S. McLeod, 2017. Copyright 

2020 by Simply Psychology. Reprinted with permission (see Appendix A). 

The optimization of the brain is for experiential learning and going through the cycle 

promotes student learning (Kolb & Kolb, 2018). When students realized what they were learning 

mattered, they became more engaged in the process of learning (Ngo, 2021). Students developed 

self-satisfaction, knowing the knowledge and skills learned led to important ends (Widya & 

Rahmi, 2019). Asked through a study by Segalàs et al. (as cited in Watson et al., 2019), 

educational experts discussed the most beneficial active method for maintaining and retaining 

learning in students. Eighty-eight percent of the educators in the study supported project-based 

and hands-on learning as the preferred method of instruction (Watson et al., 2019). 

Bloom’s Taxonomy 

The motivation to learn helped to regulate students’ academic success in school (Ngo, 
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2021). STEM education allowed students to become motivated about learning and allowed the 

students to have the opportunity to take an active role in learning (Ngo, 2021). Benjamin Bloom 

was an American psychologist who developed a theoretical framework of mastery learning, 

which became known as Bloom's Taxonomy, and the revision of Bloom's Taxonomy took place 

in 2001 (Verenna et al., 2018). The framework measures the complexity of thinking as it 

considers student learning (Verenna et al., 2018). 

To reach the highest level of learning, synthesizing, students originate, integrate, and 

combine ideas into a product, plan, or proposal of something new (Armstrong, 2018). 

Synthesizing in the classroom includes students who generate various solutions, formulate 

solutions, and then implement action plans (Arneson & Offerdahl, 2018). Bloom believed 

mastery at each level of the taxonomy was the aptitude to complete reasoning achievement at the 

level of learning (Verenna et al., 2018). 

The taxonomy was built on a hierarchical structure and implied, for students to 

successfully reach one level of Bloom's taxonomy, the student had to at least partially master the 

primary level (Verenna et al., 2018). To reach the second-highest level of learning, evaluating, 

the student makes a judgment based on criteria and standards (Armstrong, 2018). In the 

classroom, students evaluate and incorporate justifying a decision or course of action by 

checking, hypothesizing, critiquing, experimenting, and judging (Armstrong, 2018). 

Bloom's levels of evaluating and creating were the STEM concept of teaching and 

learning (Baharin et al., 2018). Because students came to the classroom with a wealth of 

previously learned knowledge, the teacher's responsibility was to use the previous knowledge as 

a basis for new knowledge (Holmlund et al., 2018). The learning process should be a process of 

initiative and construction of knowledge (Darling-Hammond et al., 2020). Constructivism 
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supports Bloom's levels of taxonomy (Estapa & Tank, 2017). According to the Constructivist 

Learning Theory, various resources, encounters, and situations build new knowledge for students 

(Barak, 2017). 

Impact of STEM Education 

The school environment and supportive relationships with supervisors and colleagues 

positively affect a teacher’s work within a school (Kiran & Sungur, 2018). The culture around 

the importance and integration of STEM education allows education to occur through innovative 

learning (Kelley & Knowles, 2016). Studies showed STEM positively affected the students’ 

learning, attitudes, and perceptions toward STEM (Baran et al., 2019). When teaching STEM, 

students had a higher attendance rate for mathematics and science classes and higher test scores, 

all while demonstrating a higher level of engagement in class (Walker et al., 2018). 

Students in classrooms where there is an integration of STEM showed positive academic 

gains (Kelley & Knowles, 2016). Effective STEM education is imperative for students’ future 

success. The education helped students learn how to gain conceptual knowledge of 

understanding and to transfer the knowledge to other situations (Darling-Hammond et al., 2020).  

Perceptions of STEM Education 

A priority in education since 2015 has been the push to produce students who were able 

to become 21st-century learners and educationally prepared for STEM jobs (Preston, 2018). For 

21st-century learning to occur, schools equipped students with the ability to participate in a 

multifaceted world (Benade, 2015). There are many different perceptions when it comes to 

STEM education. 

Student Perceptions of STEM Education 

Students are affected daily by STEM education (Darling-Hammond et al., 2020). STEM 
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activities allowed students to find different and creative solutions to real-world problems (Ozkan 

& Topsakal, 2017). The world was in a new period in which students should have been proficient 

in STEM areas, even as young as early elementary (Raby, 2015). A student’s self-assurance was 

imperative with any attempt to improve or increase the student’s interest and achievement in 

STEM education (Dubriwny et al., 2016). 

In a study conducted with 37 seventh graders in a public school, the students participated 

in nine different science, technology, engineering, arts, and mathematics (STEAM) activities 

during a unit of instruction (Ozkan & Topsakal, 2017). Students who participated in the STEAM 

activities had positive perceptions and saw the learning as enjoyable and exciting, with few 

negative views about the activities (Ozkan & Topsakal, 2017). Although students found the 

learning enjoyable, STEM was challenging; therefore, they had a greater sense of 

accomplishment of the success achieved (Pittinsky & Diamante, 2015). 

Goal setting helps a person decides what to do with one’s life dreams, which is 

motivation (SaiRaman, 2019). Motivation allows a person to stop asking questions and looking 

for excuses and sets the person in the direction toward working for a goal (Cook, 2017). Goals 

take people step by step in the direction of a dream, and if asked, most people have a dream for 

achievements in life (SaiRaman, 2019). STEM activities changed a student’s attitude toward 

STEM (Sarı et al., 2018). STEM activities increased attitudes toward STEM and increased 

students’ creativity while improving student motivation (Ugras, 2018). 

Out-of-School Programs 

Schools across the United States involved different partners in ensuring students had 

access to high-quality STEM programs, like public libraries, museums, and after-school 

programs (Afterschool Alliance, 2020). After-school programs became more popular, which 
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allowed over 10 million students in the United States to participate in the programs annually 

(Brasili et al., 2017). These after-school programs allowed students to participate in STEM 

programs, which helped the students succeed in school (Afterschool Alliance, 2020). Academic 

achievement gains during the school day were related to out-of-school programs in STEM 

(Cutucache et al., 2018). Of the approximately 10 million students who took advantage of after-

school programs, approximately 69% were in a program that offered some STEM program 

(Brasili et al., 2017). 

Out-of-school programs were smaller in size than regular classrooms, with a smaller 

teacher-to-student ratio. Smaller class sizes drastically improved the academic achievement of 

students (Xie et al., 2015). Depending on the school or school district, out-of-school programs 

occurred before school, after school, during the summer, or during holiday breaks. The out-of-

school programs provided excellent opportunities for students to learn and develop 21st-century 

skills (Cohen et al., 2019). Schools offering out-of-school STEM programs, especially in the 

summer, reduced educational inequalities associated with socioeconomic status (Xie et al., 

2015). 

A study of an out-of-school STEM program by Baran et al. (2019) presented the 

perceptions of 40 sixth-grade students who participated in the program. The study explored how 

the students involved valued the hands-on concept in the STEM activities (Baran et al., 2019). 

The activities provided the students an opportunity to participate in design challenges, which 

sparked an interest in STEM careers (Baran et al., 2019). There was enthusiasm from the 

students about STEM concepts by providing opportunities for students to participate in out-of-

school programs. Many of the programs provided a more hands-on approach than the students 

would have received during the school day (Cutucache et al., 2018). 
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Teacher Perceptions of STEM Education 

The school culture influences how teachers perceive different programs, curricula, and 

ideas (Schleicher, 2018). Teacher efficacy and motivation affected students’ academic 

achievement, especially in science (Taştan et al., 2018). When a school met the needs of 

teachers, teachers were more effective in the classroom (Reaves & Cozzens, 2018). For a 

successful STEM education program, teachers’ perceptions were focused on the need to promote 

students’ higher-order thinking skills through the culture of the school and academics driven by 

an integrated curriculum (Darling-Hammond et al., 2020). Many schools focused classroom time 

on mathematics and reading (Wexler, 2020). 

In classrooms all over the United States, teachers were aware the science standards called 

for a more profound connection to STEM subjects (Ntemngwa & Oliver, 2018). Teachers had to 

know how to integrate STEM subjects (Ntemngwa & Oliver, 2018). Many in-service teachers 

found the process of shifting to STEM instruction hard (Margot & Kettler, 2019). In-service 

teachers often delivered instruction using traditional instructional methods instead of student-

focused methods linked to STEM pedagogy (Nowikowski, 2017). 

Reports indicated teachers had not obtained college-level preparation at a satisfactory 

level of complexity to prepare the teachers for courses required to teach (Nowikowski, 2017). 

Many teachers required technical assistance and support from experts in the field to successfully 

implement STEM subjects (Ntemngwa & Oliver, 2018). A need existed for an increase in STEM 

professionals, but research revealed many teachers were unqualified or inadequately taught how 

to teach and integrate STEM subjects (Firat & Kilinç, 2017). 

Training and professional development for teaching STEM subjects were absent (Gardner 

et al., 2019). Then, teachers generated students with poor STEM experiences and little grounding 
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to enter STEM college majors and careers (Firat & Kilinç, 2017). Teachers who chose to 

participate in STEM professional development sessions stated the sessions provided the teacher 

with more confidence and high self-efficacy in teaching STEM concepts (Nowikowski, 2017). 

Not all teachers value the importance of STEM education (Gardner et al., 2019). 

Teachers who were not comfortable and had little knowledge of STEM tended to perceive 

themselves as unable to teach the STEM activities (Margot & Kettler, 2019). Teachers who were 

comfortable with and had the education and experience to carry out STEM activities had a high-

level efficacy and enjoyed teaching through hands-on learning (Margot & Kettler, 2019). 

Barriers to STEM Implementation 

While research showed the importance of STEM education in the public school system, 

the process was not easy for all schools to effectively implement the program (Michels & 

Eijkelhof, 2019). School districts faced a crucial need to understand the hurdles and challenges 

which occurred when implementing an integrated STEM curriculum (Shernoff et al., 2017). 

Schools faced general barriers when implementing STEM education (Michels & Eijkelhof, 

2019).  

Some of the barriers included a limited number of qualified teachers to implement STEM 

disciplines, a lack of teacher professional development, and a lack of teacher investment in 

professional development (Winangun & Kurniawan, 2019). Many colleges had low enrollment 

in STEM education programs, and of the students enrolled in the program many dropped out and 

enrolled in non-STEM programs (Glaze, 2018). Approximately one-half of the students who left 

STEM programs in college enrolled in a business program. Many of the students left the STEM 

program due to a lack of preparedness in middle and high school (Olson & Labov, 2012). 

As STEM education is an integrated program, to achieve the idea successfully, it is 
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crucial to prepare preservice STEM teachers in college for teaching subjects through integrated 

approaches (Ryu et al., 2019). Motivation is key in implementing and integrating STEM 

education (Firat & Kilinç, 2017). One factor which affects motivation is effective professional 

development (Gardner et al., 2019). Staff development on effective STEM education and 

implementation improved motivation and decreased any programs' misunderstanding while 

providing the needed support to all involved (Icel, 2018). 

A significant cause in students' lack of appreciation for science careers was a deficiency 

in knowledge of what science involved (Glaze, 2018). With the implementation of STEM 

education, other foreseeable barriers included students who lacked learning integrated 

information, students with a deficiency in problem-solving skills, and students with no previous 

STEM learning and skills (Winangun & Kurniawan, 2019). Other barriers included an 

unsupportive school system, an absence of collaboration among teachers, and a lack of content 

knowledge and content delivery skills (Winangun & Kurniawan, 2019). The struggle with 

mathematical concepts and negative opinions about mathematics highly determined whether a 

student succeeded or failed (Glaze, 2018). 

To effectively implement STEM education, the teachers needed to work together, and the 

administration needed to give the program full support (Altuger-Genc & Issapour, 2015). 

Collaboration and support did not necessarily happen in all schools (Ostovar-Nameghi & 

Sheikhahmadi, 2016). Another obstacle was budget cuts within school districts (Icel, 2018). Due 

to budget cuts in many school districts across the United States, STEM programs were limited 

(Icel, 2018). 

Contrary Perceptions of STEM Education 

Not all researchers found STEM improves students’ academic performance (Kim, 2015). 
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Even though STEM careers offered above-average wages, the demand for STEM jobs was 

higher than the number of college students graduating with a STEM degree (Castleman et al., 

2017). The impact of STEM programs was different, depending on the student’s achievement 

level with which they started (Han et al., 2015). Implementation of STEM impacted lower-

achieving students more than high-achieving students (Han et al., 2015). 

Not all believed time, money, and effort should go toward STEM education in schools 

(Zaloom, 2019). Many people believed too much emphasis was on STEM education, and the 

emphasis took away from a focus on the humanities (Zakaria, 2015). In 2018, the U.S. education 

system spent over $26 billion on technology in schools, and globally, around $252 billion 

(Woodard, 2019). With the emphasis on STEM education, people believed many politicians, 

including Barack Obama, have steered students away from receiving humanity degrees, such as a 

degree in art history (Zakaria, 2015). 

The job market is constantly changing (Castleman et al., 2017). People believed colleges 

devoted time and energy to prepare students for jobs in an evasive sense, not specifically STEM 

jobs, as there were no certainty high-paying STEM jobs would still be open upon graduation 

(Zaloom, 2019). The dismissal of wide-ranging learning in college put the United States on a 

dangerous and narrow course for the future (Zakaria, 2015). 

The Future of Education 

The United States had not been producing enough qualified employees to fill STEM-

related jobs (Newman et al., 2015). By integrating STEM activities into out-of-school activities, 

like an after-school program, enough interest was developed in students to pursue STEM-related 

careers (Baran et al., 2019). Every person needs to have basic knowledge in math, science, and 

ELA (Bicer et al., 2015). 
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In the United States and many nations worldwide, the view of the need for STEM was 

critical, based on alleged or genuine shortages in the current STEM workforce and the future 

workforce (English, 2017). Initiatives in STEM education permeated educational reform around 

the world (Yanez et al., 2019). By providing STEM education, starting as young as preschool 

age, the education community opened the door for students to become lifelong learners (Office 

of Innovation and Improvement, 2016). 

Engineering education was updated and became the center of devotion in the scientific 

population in 2015 (Kislyakov et al., 2019). The employment rate for STEM jobs overtook the 

total job growth in the United States (Graf et al., 2018). Since 2015, employment opportunities in 

STEM fields increased 79%, going from 9.7 million to 17.3 million jobs (Graf et al., 2018). 

Even though STEM jobs paid beyond the national average salary, with most averaging 

approximately $87,500 annually, studies showed the most significant reason students chose a 

STEM career was endless creativity (Kislyakov et al., 2019). In 2015, the 8.6 million STEM jobs 

across the United States represented about 6% of all employment in the country, but compared to 

other jobs in the United States, STEM jobs doubled (Israel, 2017, as cited in Ash et al., 2020). 

Due to a lack of STEM preparedness, many people left the profession (Congressional 

Research Service, 2018). The trend has since changed for the better. Leading countries, including 

the United States, created strategies that improved STEM program education, with many of the 

programs aimed at including women (Kislyakov et al., 2019). 

STEM education is comprised of six core principles (Morrow, 2020). Educational 

activities which promoted planned play and risk, engagement in a group practice, and learning 

experiences geared around interdisciplinary curriculum allowed for problem solving and 

engagement (Office of Innovation and Improvement, 2016). Learning spaces, which were 
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flexible and comprehensive, allowed for innovative ways to assess learning (Office of Innovation 

and Improvement, 2016). Social/cultural environments, which supported diversity and 

opportunities for all to participate in the learning activities, allowed access to STEM education 

(Office of Innovation and Improvement, 2016). Across the United States, organizations started to 

align STEM efforts with the strategic plan of the nation (Morrow, 2020). 

By implementing the plan and core principles, schools altered access to STEM education 

for all students. All students were engaged in the learning environment (Office of Innovation and 

Improvement, 2016). When done correctly, the improvement in STEM education produced 

millions of middle- and high-paying jobs across the United States. The jobs added over $1 

trillion in annual Gross Domestic Product (Israel, 2017, as cited in Ash et al., 2020). 

By pooling resources and involvement among interested parties, opportunities for high-

quality STEM experiences reinforce the idea all students, regardless of where the students live, 

receive the necessary education to be a part of the workforce of tomorrow (Office of Innovation 

and Improvement, 2016). In 2019, the USDE revealed the department had invested almost $540 

million to support STEM education (Morrow, 2020). Studies showed, by 2020, the need for 

skilled scientists and engineers exceeded the number of qualified applicants by one million 

(Israel, 2017, as cited in Ash et al., 2020). 

Gaps in the Literature 

A gap in literature existed as little research had been conducted on STEM education in 

middle schools, with most of the research conducted in grades 9–12 (Blotnicky et al., 2018). 

While researching the literature review, many articles focused on STEM education in elementary 

and high schools. The revamping of the school curriculum to integrate STEM concepts started at 

the primary grade level and then focused on high school, college, and career placement (Roche 
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& Manzi, 2019). 

The completion of a few studies to investigate teachers’ perceptions of the effect of 

STEM programs on academic success have been done (English, 2016). The basis of many 

articles was how to teach STEM in schools, but not how educators perceived the effectiveness of 

STEM initiatives on student academic success, especially across the board by integrating all 

subject areas. Many teachers felt incompetent to teach STEM (Yildirim & Türk, 2018). 

Chapter Summary 

STEM education is centered around the Constructivist Learning Theory (Akron & 

Aşiroğlu, 2018). Transformational leadership supports the innovative ideas around STEM 

education (Lamm et al., 2016). Studies showed the implementation of STEM education 

positively affected students’ learning (Baran et al., 2019). A gap in literature existed as little 

research has been conducted on STEM education in middle schools, with most of the research 

conducted in grades 9–12 (Blotnicky et al., 2018). Few studies investigated teachers’ perceptions 

of STEM programs’ impact on academic success (English, 2016). The methodology chapter, 

Chapter 3, included discussing the research design and rationale, the role of the researcher, and 

research procedures. 
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Chapter 3: Methodology 

Exploring perceptions of the effectiveness of STEM initiatives on student academic 

success at three middle schools in southeastern South Carolina was the purpose of the case study. 

The goals of the case study were to identify how educators perceived STEM initiatives. The 

following research questions guided the study: 

Research Question 1: What did middle school educators feel were the benefits students 

received from participating in STEM programs based on the results of the standardized tests of 

the state?  

Research Question 2: How did educators describe the experiences of students while 

participating in STEM initiatives? 

Research Question 3:  How did educators perceive strategies of STEM education to be 

effective in helping middle school students achieve academic success? 

This chapter includes a description of the purpose of the study and an outline of the 

research questions addressed in the study. The case study answered the how and why questions 

and explained perceptions to understand better the impact of STEM on student academic success 

at three middle schools in southeastern South Carolina. Research design and rationale clarified 

the suitability of qualitative research for the case study. The following section described the role 

of the researcher. Research procedures described the population and sample size, 

instrumentation, program, data collection, and data preparation methods to investigate the 

phenomenon in the problem statement. The fourth section included the analytical factors to 

address the research questions using the data collected. Reliability and validity explained the 

procedures used to verify trustworthiness throughout the study and ethical procedures followed 

to communicate the procedures taken to protect the human participants. The final section was a 
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chapter summary. 

Research Design and Rationale 

The rationale for using a case study as the research design was the desired purpose to 

understand the perceptions of the effectiveness of STEM initiatives on student academic success 

at three middle schools in southeastern South Carolina (Creswell & Poth, 2018). Case studies 

explain how and why a social phenomenon works (Yin, 2018). Descriptions in qualitative studies 

gain insight into the who and what of the experiences as well as the understandings from the 

participants about a poorly understood phenomenon (Seixas et al., 2017). Qualitative-based 

research helps to understand the beliefs, experiences, attitudes, activities, and interactions of the 

participants (van Manen, 2014). 

Allowing for a thorough description of events experienced by either an individual or a 

group of people is the purpose of any case study research (van Manen, 2014). Being explanatory 

rather than interpretive, qualitative case study research signifies a commitment to studying a 

phenomenon in its normal state and ensures there is no manipulation of variables or any pretense 

of a theoretical view of the phenomenon (Seixas et al., 2017). Case studies provide an in-depth 

understanding through a description of a social phenomenon gained from participants by 

answering questionnaires and participating in interviews (Yin, 2018). 

STEM initiatives are essential to schools, and the knowledge gained was a vital part of a 

well-rounded education for every student (Office of Innovation and Improvement, 2016). The 

approach of the case study was to explore perceptions of the effectiveness of STEM initiatives 

on student success at three middle schools in southeastern South Carolina. Student academic 

success can be measured both through formative and summative assessments. Formative 

assessments can be teacher observations, while summative assessments can be unit tests or state 
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assessments (SCDE, 2021). 

Case study research has often been used in education and reveals the importance for 

others in the field to learn from the experiences of educators already in the field (Neubauer et al., 

2019). By expanding awareness of the effectiveness of STEM initiatives on student academic in 

the middle school setting, the study expanded knowledge of the importance and effect of 

teaching STEM. The research had the potential to expand the perceptions of educators 

concerning the impact STEM has on the academic success of middle school students (Neubauer 

et al., 2019). 

Qualitative Case Study Research 

Qualitative case study was an appropriate research design as educators inexperienced 

with the implementation of STEM education will be able to learn from the previous experiences 

of others (Neubauer et al., 2019). There was a need, due to a lack of research, to empower others 

through the perceptions of educators on the effectiveness of STEM initiatives on student 

academic success in middle school (Office of Innovation and Improvement, 2016).  

Research questions for the study derived from the lack of understanding regarding the 

perceptions and implementation of STEM initiatives. Case studies have emphasized concepts 

and ideas in education and explored those concepts with individuals who experienced the 

phenomenon (Creswell & Poth, 2018). Participants answered the questions and described 

experiences with STEM education. The case study research occurred in the natural state, and it 

was ideal for the study (van Manen, 2014). The study drew on the participants’ perceptions to 

allow for an understanding of the meanings the participants attributed to experiences with STEM 

implementation (Clark & Vealé, 2018). 

Role of the Researcher 
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In qualitative studies, the role of the researcher is to provide a precise and accurate 

explanation of different experiences, perceptions, and descriptions (Bradshaw et al., 2017). 

Educators provided detailed descriptions regarding the effectiveness of STEM initiatives. The 

described perceptions were elicited through an open-ended questionnaire and semistructured 

interview. Such an opportunity allowed for gainful insight through the lens of educators. All 

stages of the research plan from interviewing the educators, transcription of the responses, 

analysis and verification of data, to reporting of the conclusions, were completed methodically 

(Sanjari et al., 2014). 

The interpretation of the meanings from information shared as well as the participants’ 

experiences were made without bias. Responses to the questionnaire and interviews were used, 

which allowed for verification through two data sources. Perceptions from educators from three 

middle schools in three school districts in southeastern South Carolina which implemented 

STEM initiatives were used. There were no personal relationships with anyone from new School 

A or School C. There was a personal friendship with one teacher from School B. The educator 

chose not to participate in the study.  

There was no power or authority over any of the participants, nor were any favors or 

incentives offered for participating in the study. The trustworthiness of the data collected during 

the study was not affected by me being a teacher in School District A, nor by the friendship with 

one of the teachers at School B, since the person did not participate. Further, study information 

was not shared with the friend at School B. 

Adult human participants over the age of 18 participated in the study, and approval 

through the ACE Institutional Review Board (IRB) was obtained (Appendices B and C). 

Participant confidentiality was maintained throughout the study. The identity of the educators 
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remained confidential, as a coding system was used to prevent disclosure of participant identity. 

Each participant was assigned an alphanumeric character, and any information about participants 

was identified by this unique character. Study materials and all data obtained were securely 

stored in a locked safe and will be stored for three years. After three years, the print data will be 

shredded, and digital data will be erased. 

Research Procedures 

A qualitative case study of the perceptions of the effectiveness of STEM initiatives on 

student academic success at three middle schools in southeastern South Carolina could inspire 

non-STEM schools across South Carolina and the United States to make STEM initiatives 

available to their student populations. The findings of the study could illuminate the perceived 

benefits of implementing STEM initiatives. Each school in the study implemented STEM, 

allowing schools to see the perceptions of the effectiveness of STEM initiatives as a whole, from 

multiple viewpoints. The purpose of conducting a case study was to identify human experiences 

and grasp the nature of the experiences (van Manen, 2014). 

Case study research has been popular in education (Creswell & Poth, 2018). A case study 

was a suitable way to describe perceptions of participants regarding personal experiences with 

STEM implementation (Clark & Vealé, 2018). As a research methodology, the case study 

allowed for the exploration of the perceptions of the effectiveness of STEM initiatives on student 

academic success (Koopman, 2017). 

Population and Sample Selection 

Educators from three middle schools, grades 6–8, in southeastern South Carolina were 

participants in the study. The target population consisted of 100 educators from all schools 

Although the target population was 100 educators, only 15 volunteered to participate in the 
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study. Each participant worked at a school which incorporated STEM initiatives. Each school 

district was in the 10 largest school districts in South Carolina (SCDE, 2019b). Fifteen educators 

were provided an online questionnaire through SurveyMonkey (Appendix D) to complete and 

were then interviewed over the phone (Appendix E). The questionnaire and interview questions 

explored educator perceptions of the effectiveness of STEM initiatives on student academic 

success among the participant sample. 

School A had approximately 550 students in grades 6–8, with 36 teachers (SCDE, 

2019b). Of the 550 students, almost 85% received free or reduced lunch due to low family 

income (SCDE, 2019b). Due to the high poverty rate of the families, new School A was a Title I 

school. Since its opening, the mission of the school had been to meet the growing needs within 

the community and move forward in the quest for academic excellence for every student (SCDE, 

2019b). The school was a designated STEM school of science, but the zoning was for the local 

neighborhood. (SCDE, 2019b). Some STEM initiatives took place in the core content areas, with 

math, science, ELA, and social studies teachers planning together to incorporate STEM projects. 

Students were also offered the opportunity to take a pre-engineering class as one of the related 

arts (elective) classes.  

School B had a student population of approximately 1,300 students in grades 6–8, with   

43 teachers. Of the 1,300 students, roughly half qualified for free or reduced lunch (SCDE, 

2019b). The middle school is a STEAM school, since it not only implemented science, 

technology, engineering, and mathematics, and art. The integration of STEAM was in all 

classrooms, and the school offered two different programs to the students: Project Lead the Way 

and Gateway to Technology (SCDE, 2019b). Although the school was a STEAM school, the 

questionnaire and interview questions only pertained to the STEM initiatives, and not the art 
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initiatives. 

School C had approximately 1,325 students in grades 6–8, with 57 teachers. Of the 1,325 

students, just over half qualified for free or reduced lunch, which made the school a Title I 

school (SCDE, 2019b). The middle school was a STEM school since STEM was integrated into 

all classrooms (SCDE, 2019b). The school had a STEM advisory board, which implemented a 

semester-long STEM project in each grade level. 

All three schools served grades 6–8. Because collaboration among teachers took place at 

all schools, teachers at each grade level who taught science, mathematics, social studies, 

technology, engineering, and ELA were invited to participate in the study (Appendix F). Also 

asked to participate were administrators and instructional coaches because administrators and 

instructional coaches not only observe classes but also evaluate school initiatives and student 

academic success. 

The sampling method was purposive and voluntary participants were solicited, which 

enhanced the trustworthiness of the data gathered (Firat & Kilinç, 2017). At the three schools, 

administrators were contacted via email to gain approval to use the schools in the study (see 

Appendices G - I). Purposive sampling allowed for intentionally targeting those who could 

provide perceptions about the phenomenon under investigation (Creswell & Poth, 2018). Each 

participant was made aware of the project information and the purpose of the study through the 

Recruitment Letter (Appendix F) and the Informed Consent Form (Appendix J). 

Inclusion and exclusion criteria described who could and could not be part of the study 

sample (Garg, 2016). Inclusion criteria included factors that made the participants eligible for the 

study, while exclusion criteria included factors that made part of the recruited target population 

ineligible (Garg, 2016). Five inclusion criteria required for the study were: participants had at 



EDUCATOR PERCEPTIONS OF STEM EDUCATION 62 

 

least three years of teaching experience, worked at the present school site for at least two years, 

had an understanding of the STEM initiatives at the school, had direct knowledge or experience 

with STEM students, and could explain and discuss student academic success in the classroom. 

The study excluded any educator not meeting all five inclusion criteria. 

Inclusion criteria added reliability to the study (Garg, 2016). Perceptions were from 

participants who had enough knowledge to make inferences and observations (Creswell & Poth). 

The participants in the study had direct knowledge or experience with STEM students. 

Participants were required to have experienced the phenomenon of the STEM initiatives at the 

school site (van Manen, 2014). The participants worked at the school site for two or more years, 

allowing the educators to be familiar with the STEM initiatives at the school. The participants 

were able to describe perceptions of the effectiveness of STEM initiatives on student academic 

success. Perceptions from the participants provided insight into how educators felt STEM 

initiatives impacted student academic success. 

The added reliability of the study was through the exclusion criteria (Garg, 2016). 

Participants were required to possess direct knowledge or experience with STEM students. 

Research has shown the first few years as a teacher can be overwhelming, as the new teacher is 

trying to learn all of the rules, techniques, and initiatives within the school (Fitchett et al., 2018). 

To participate in the study, each participant must have had three years of educational experience. 

Exclusion criteria eliminated educators who had been at the school for less than two years. 

Prior to IRB approval, two schools were contacted by email in order to gain approval 

from the principals to use their schools in the research study (Appendices G - H). After IRB 

approval was gained (Appendix B), contact was made to both school principals to obtain a 

contact person at the school, in order to receive a list of prospective participants (Appendices K – 
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L). After the identification of prospective participants was complete, each person received a 

recruitment email, asking the person to volunteer to be a participant in the study. Of the 37 

qualified to participate, eight volunteered, but then two dropped out of the study after consenting 

due to an excessive workload at the school. At this point, there were six participants for school 

B. After sending another recruitment email (Appendix F), no one responded. 

Approval was gained from each school principal for participation from Schools A, B, and 

C. The approvals were received via email correspondence (Appendices G - I). After approval by 

ACE IRB (Appendix C), the contact person at each school received an email (Appendices K - 

M). The email requested the names of educators who had at least three years of educational 

experience, who had been at the school for at least two years, had an understanding of the STEM 

initiatives at the school, had direct knowledge or experience with STEM students and could 

explain and discuss student academic success in the classroom. An email letter from the list 

invited the educators to participate in the study (see Appendix F).  

The goal was to use purposive sampling of volunteer participants in order to select 

educators from different content areas, two related arts areas, and educational roles. The four 

core subject areas are math, science, ELA, and social studies, along with special education. The 

two related arts invited to participate were engineering and technology teachers. Due to limited 

response, the case study consisted of 15 willing participants. All 15 educators who volunteered 

were a part of the study. 

Instrumentation 

Prior to any data being collected for research purposes, the participants completed a 

demographic questionnaire, which consisted of six questions (Appendix N). The demographic 

questionnaire was administered through SurveyMonkey. Each participant received an email with 
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the link to the demographic questionnaire. The demographic information was needed to ensure 

each participant met the inclusion criteria. The information from the demographic questions also 

allowed for the alphanumeric labeling of each participant, based on the name and school of the 

participant. The role of each participant was used to monitor how many participants were 

volunteering from different educational roles and content subject areas (Appendix N). 

Data from an online questionnaire (Appendix D) and open-ended interviews (Appendix 

E) were collected. Each questionnaire took approximately 40 minutes to complete, and each 

interview ranged in time from 30-45 minutes. Questionnaire questions were adapted based on the 

Teacher Beliefs and Attitudes toward STEM (T-STEM) survey, which the Friday Institute for 

Educational Innovation created (Unfried et al., 2015). Approval from the Friday Institute for 

Educational Innovation to use and adapt the survey was obtained (Appendix O). Each subject 

matter expert received 20 questionnaire questions and 20 interview questions. Based on feedback 

from the field-testing of the subject-matter experts (Appendix P), 10 questions were chosen for 

the questionnaire (Appendix D) and 10 interview questions were chosen (Appendix E). The 

questions for the online questionnaire and open-ended interviews were field tested by five 

subject-matter experts (Appendix P).  

According to research, the T-STEM survey helped administrators decide on different 

improvements to the school's STEM program (Unfried et al., 2015). The survey identified 

changes in STEM educators' confidence and effectiveness (Unfried et al., 2015). The survey 

measured attitudes toward 21st-century learning and the frequency with which participants use 

instructional practices related to STEM (Unfried et al., 2015). 

Questionnaire questions identified changes in the educator's confidence toward STEM 

and attitudes toward 21st-century learning and instructional practices (Unfried et al., 2015). The 
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questionnaire had seven sections and collected data in all seven sections (Unfried et al., 2015; 

see Appendix Q). Raw data were deconstructed from the questionnaire and interviews to find 

keywords and similar ideas and patterns (Belotto, 2018). 

Adapted interview questions from a conference paper published by the Museum of 

Science and Industry in Chicago were used (Chiu et al., 2015). Permission to use and adapt the 

interview questions was granted (Appendix R). The responses to the questionnaires and 

interviews were evaluated and codes were created from words and sentences which carried 

similar meanings (Belotto, 2018). 

Data Collection 

Data collection took place in the fall of 2020 after approval from the American College 

of Education IRB (Appendices B and C). Before completing the questionnaire and interview 

process, all participants were asked to sign an informed consent statement (see Appendix J), 

which assured participants there would be no identifying information used in the findings from 

the study. The informed consent form was emailed to all participants. The participants signed the 

form, either physically or electronically and sent the forms back via email. Data collection took 

place via an online questionnaire through SurveyMonkey and completed phone interviews. The 

participants had the option to complete the interview via phone or Zoom. All participants chose 

to have the interview conducted over the phone. The participants were emailed the 

SurveyMonkey link in order to complete the online questionnaire.  

Before giving the online questionnaire and completing the interviews, participants 

completed six demographic questions (Appendix N). The demographic data was collected 

through SurveyMonkey, in which the participants answered the questions. Each participant 

received an email link to the questionnaire on SurveyMonkey. Data collected from the 
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demographic questionnaire were first and last name, school employed at, educational experience 

in years, length employed at current school, and educational role at the school. The demographic 

data was used as a screening tool to determine eligibility of the participants. Demographic data 

were separated from the questionnaire and interview to maintain the confidentiality of the 

participants and conceal identities. 

Individual interviews obtained information regarding perceptions of the effectiveness of 

the STEM initiatives on student academic achievement. Each interview took place over the 

phone, and the responses were recorded using a digital voice recorder. Each participant was 

made aware the interview was being recorded and each agreed to the recording. Each participant 

answered 10 open-ended interview questions (Appendix E). The participants answered the same 

interview questions.  

Open-ended interview questions led to a documented and organized description of the 

experiences and allowed for a deep understanding of the shared experiences among the 

participants (Neubauer et al., 2019). Each interview lasted between 30 and 45 minutes. 

Interviews were audio-recorded with a digital voice recorder to allow for verbatim transcription 

of the responses, and typed notes took place on a laptop during the interview. During the phone 

interview, the participant was placed on speaker phone so the responses could be recorded by the 

researcher. Participants were asked permission to be placed on speaker phone and for the 

responses to be recorded. Each participant agreed to the terms. In order to ensure confidentiality 

of each participant and protection of privacy during the phone interview, the interviews took 

place in a home office behind a closed door. 

All contact information was checked for accuracy in case any follow-up questions or 

clarifications were needed. The research data for this study will be securely locked in a safe for 
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three years to ensure participants’ confidentiality and will then be shredded. The audio voice 

recordings will be stored in the same locked safe for three years. After three years, the recordings 

will be erased. 

Data Preparation 

A case study approach to qualitative studies strived to describe the principle of the 

phenomenon through the lens of people who have experienced the phenomenon (Neubauer et al., 

2019). The National Science Foundation partially supported the development of the T-STEM 

survey (Unfried et al., 2015). Questions from the T-STEM survey were modified to collect 

perception data from the participants regarding teaching confidence, efficacy, and attitudes and 

frequency data regarding the use of specific STEM instructional practices and technology in the 

classroom (Appendix Q). The modified questions were validated using five subject-matter 

experts (Appendix P). 

Questionnaire responses were collected through SurveyMonkey (Appendix D). By using 

SurveyMonkey, the results of the online questionnaire were only available to the researcher, 

which provided participant privacy. Each participant was given an alphanumeric code for 

identification purposes. Interview questions (Appendix E) were then analyzed to determine 

patterns and similarities (Vaughn & Turner, 2015). Results provided a holistic overview of the 

combined participants’ attitudes and the frequency in which activities took place during 

instructional time (Unfried et al., 2015). 

Creswell and Poth’s (2018) steps to case study data analysis required managing and 

organizing the data by creating and organizing data files. Identifications of meanings of the 

phenomenon were extracted and examined to determine relationships and connections between 

the data and the phenomenon (Umanailo, 2019). Codes were created based on the relatedness of 
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the responses from the participants. 

After the initial codes, themes were created by reviewing responses and looking for 

trends (Vaughn & Turner, 2015). Creswell and Poth’s (2018) final two steps were to develop 

significant statements and group the statements. By developing textual, structural, and composite 

descriptions of the STEM initiatives in each of the three schools, representing and visualizing the 

data then took place. 

Data Analysis 

Analysis of qualitative data consisted of making sense of the research regarding the 

participants’ definitions of the situation as well as determining patterns, themes, categories, and 

consistencies (Male, 2016). At the end of the phone interview, member checking occurred. The 

notes to the responses were read back to the participant for accuracy. During the phone 

interview, responses to the SurveyMonkey questionnaire responses were read back to the 

participant, using member checking for accuracy. After reading through the questionnaire and 

interview responses, themes emerged through both a holistic reading approach and a detailed 

reading approach (van Manen, 2014).  

The holistic reading approach evaluated the responses as a whole and decided on the 

primary significance of the phenomenon while capturing the writing phenomenon (van Manen, 

2014). The selective reading included pulling out statements and phrases from the perceptions of 

the participants (van Manen, 2014). The detailed reading approach looked at each sentence 

individually for revelations of the phenomenon (van Manen, 2014). Based on Creswell and 

Poth’s (2018) approach, each participant described the personal experience of the phenomenon. 

A constructed list of significant statements concerning how the participants perceived the 

effectiveness of STEM initiatives on student academic success occurred. Grouping the 
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statements into larger units then took place to create a textual description of the perceptions of 

the educators. A structural description described how the experiences happened. A composite 

description was then written, including the textual and structural descriptions (Creswell & Poth, 

2018). 

In qualitative research, an inductive approach aimed to gather meaning from a 

phenomenon in a local and natural setting (Young & Hren, 2017). An inductive approach of data 

analysis grouped the data by themes, looking for any relationships among the data (Neubauer et 

al., 2019). The approach condensed the textual data into a summary and established links 

between the research objectives, questions, and summary (Liu, 2016). 

By establishing clear links between the evaluation or research objectives, summary 

findings derived from the raw data developed a basis of the essential arrangement of experiences 

in the data (Liu, 2016). The approach provided an easily used and methodical set of techniques 

for analyzing the qualitative data, which produced reliable and valid findings (Bolarinwa, 2015). 

The use of ATLAS.ti 9 software for coding purposes, along with an open-minded approach, was 

utilized. The open-minded approach aimed to conceptualize underlying patterns by creating 

categories (Umanailo, 2019). 

Reliability and Validity 

Research needed to be reliable and valid (Cypress, 2017). Reliability referred to the 

degree to which the replication of research could happen (Bolarinwa, 2015). Validity was the 

level to which a measurement represented the observer’s findings and provided an accurate 

representation of the described phenomenon (Bolarinwa, 2015). 

Piloted instruments used in the study occurred with over 500 teachers. The piloted T-

STEM instrument had a Cronbach alpha level of .945 (Unfried et al., 2015). Out of the total 
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number of teachers participating in the piloted study, 324 of the participants were middle and 

high school teachers. The middle and high school subject areas taught by the teachers were 

science, technology, engineering, and mathematics. The Cronbach alpha levels from each group 

of questions ranged from .814 to .948 (Appendix S). 

 The T-STEM survey questions were modified in order in this research to create the 

questionnaire questions (Appendix D). The modified questionnaire questions were then field 

tested by five expert subject-matters (Appendix P). The study was a multiple-participant case 

study with 15 participants from three middle schools. In multiple-participant research, inferences 

became strengthened once elements repeated with more than one participant (Cypress, 20A17). 

Through multiple perceptions of the participants, the focus was on the insider perspective of each 

participant (Cypress, 2017). 

The questionnaire questions (Appendix D) were adapted from the T-STEM survey 

(Appendix O). The original T-STEM questions were validated through the piloted study (Unfried 

et al., 2015). The adapted questions for the research study were validated using five subject-

matter experts (Appendix P). Once permission to use the T-STEM survey was granted, 

modification of the survey questions occurred (see Appendix O).  

For validity and reliability purposes, the Friday Institute for Educational Innovation 

piloted the science, technology, engineering, mathematics, and elementary T-STEM surveys with 

257 science teachers, 72 technology teachers, 17 engineering teachers, 120 math teachers, and 

218 elementary teachers (Unfried et al., 2015). A completed formal analysis on science, math, 

and elementary teachers took place (Unfried et al., 2015). 

Cronbach’s alpha measured the reliability of a study, which measured internal 

consistency (Institute for Digital Research & Education, 2016). Internal consistency signified 
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how closely connected a set of items was as a collection or group (Institute for Digital Research 

& Education, 2016). In general, a Cronbach’s alpha level of .90 and above was the best measure 

of reliability (Institute for Digital Research & Education, 2016). For the T-STEM survey 

(Appendix S), Cronbach’s alpha levels were in the range of .814 to .948 for the middle and high 

school versions (Unfried et al., 2015). 

The interview questions (Appendix E) were adapted from the Science Leadership 

Institute at the Museum of Science and Industry (MSI) in Chicago, IL. Permission was granted 

by one of the authors of the research article to adapt the survey questions (Appendix R). The 

survey questions given by MSI were utilized to create a School Support Tool created in 

partnership with the Education Policy Center at Michigan State University (Chiu et at., 2015). 

The MSI questions were validated through the study conducted by MSI. In the study by MSI, 

839 K-8 schools were identified to participate in the research and 175 were randomly chosen 

(Appendix T). For each school, one administrator and one science teacher were asked to respond 

to the survey questions. Out of the 350 participants asked, 64 responded and completed the 

survey (Appendix T). The survey was piloted first with a group of administrators and teachers 

who had been participants in the past in an MSI teacher course (Chiu et al., 2015). After the 

responses were received, three advisory committee groups validated the responses.  

Because the adapted questionnaire and interview questions were from published surveys, 

the questions needed to be field-tested for validity and reliability purposes. The questionnaire 

and interview questions were field-tested by five subject matter experts (see Appendix P). 

Experts identified problems experienced by participants during the study and determined 

whether the questions asked were in a manner that corresponded to the study (Ismail et al., 
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2017). Each subject matter expert received the three research questions, which guided the study, 

20 possible open-ended questionnaire questions, and 20 possible interview questions. 

The subject matter experts chose 10 questions for each category. Questions chosen were 

the ones that received at least three out of five votes from the subject matter experts. The 

questions which received two out of five votes went back to the five subject matter experts. The 

subject matter experts chose the remaining number of questions needed for the study from the 

selected questions (Ismail et al., 2017). 

Triangulation was used with multiple data sources to foster a complete understanding of 

the phenomenon being studied and tested the validity of the study (Carter et al., 2014). Data 

triangulation included utilizing different sources of data and information (Fusch et al., 2018). 

The use of questionnaire questions and interviews constituted data triangulation for the study 

(Carter et al., 2014). 

Environmental triangulation achieved validity and reliability. Environmental 

triangulation involved using different local settings in which the study took place (Ashour, 

2018). In the study, participants from three middle schools in three districts were used, along 

with teachers from different grade levels who taught different subject areas and administrators 

and instructional coaches. The achievement of internal validity came about through reflexivity 

by describing any contextually intersecting relationships between the participants and the 

observer (Dodgson, 2019). The demographic data did not include race, age, or cultural 

background in order to reduce bias. The demographic data was a screening tool and only 

included the name of the participant, school, number of years in education, number of years at 

the current school, and role at the school. By describing the relationships, the credibility of the 

study was increased and deepened the understanding of the study (Dodgson, 2019). 
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Ethical Procedures 

Before collecting any data, approval from the ACE IRB occurred (Appendices B - C). 

Additionally, local permission from the administrator at each school was granted (see 

Appendices G - I). Informed consent was needed before any data could be collected to ensure 

ethical research happened (Creswell & Poth, 2018). Informed consent was signed and returned 

via email, which indicated consent to participate in the study (see Appendix J). The consent form 

explained participation in the study was voluntary, and the participant could withdraw from the 

study at any time. The consent form ensured the information of the participants was kept 

confidential. Through the informed consent form, participants were made aware the study may 

be published.  

Each participant was a consenting adult over 18 who was an employee at one of three 

middle schools in southeastern South Carolina. Disclosure of the purpose of the study was in the 

recruitment letter (Appendix F) and informed consent form (Appendix J). Contrary findings, 

alongside the consensus of multiple perceptions, were reported as noted by Creswell and Poth 

(2018). Data from the study were kept confidential and secure in a locked file cabinet. By 

shredding after three years, the destruction of the data will take place. The recordings on the 

audio recorder will be erased after three years. 

Chapter Summary 

The purpose of the case study was to explore the perceptions of the effectiveness of 

STEM initiatives on student academic success at three middle schools in southeastern South 

Carolina. In the study, 15 participants answered a questionnaire and participated in an interview. 

Validity and reliability were achieved by field-testing the questions with five subject-matter 

experts (Appendix P). Common themes and ideas from the perceptions were clustered for coding 
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purposes to understand the phenomenon. 

In the methodology chapter, the research design and rationale, the role of the researcher, 

research procedures, data collection, data analysis, reliability and validity, and ethical procedures 

for a qualitative case study took place. The study has the potential to expand the perceptions of 

educators on the impact STEM could have on the academic success of middle school students. 

In the following chapter a discussion of the research findings, data analysis, and results is 

included. Chapter 4 will include the credibility and transferability of the study as well as an 

examination and analysis of the data of the study. 
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Chapter 4: Research Findings and Data Analysis Results 

The background of the qualitative case study was focused on the importance of the future 

workforce in South Carolina. If South Carolina were to be relevant in the workforce, quality 

STEM education in schools was imperative (Bicer et al., 2015). The extent of the problem 

focused on how vital teaching STEM was in grades K–12. The problem was not all middle 

school students, grades 6–8, performed at a level of readiness across southeastern South 

Carolina. The following research questions guided the study: 

Research Question 1: What did middle school educators feel were the benefits students 

received from participating in STEM programs, based on the results of the standardized tests for 

the state?  

Research Question 2: How did educators describe the experiences of students while 

participating in STEM initiatives?  

Research Question 3: How did educators perceive strategies of STEM education to be 

effective in helping middle school students achieve academic success?  

According to South Carolina standardized tests, students who attended a school with 

STEM initiatives were more likely to score at the level of readiness for the next school year 

(SCDE, 2019b). The purpose of the qualitative case study was to explore the perceptions of the 

effectiveness of STEM initiatives on student academic success at three middle schools in 

southeastern South Carolina. Chapter 4 included a discussion of the research findings and data 

analysis for the qualitative case study. The arrangement of chapter 4 was in sections describing 

the data collection, data analysis, results, and reliability and validity. 

Data Collection 

Data collection consisted of utilizing an open-ended questionnaire and semistructured 



EDUCATOR PERCEPTIONS OF STEM EDUCATION 76 

 

interviews of 15 participants in three middle schools in southeastern South Carolina. The 

participants were a mixture of educators in the three schools. Each participant had at least three 

years’ educational experience and at least two years’ experience at the current school (Figure 2). 

Figure 2 

Participants’ Years of Educational Experience 

 
 

After an evaluation and comparison of themes for each participant, the data revealed an 

alignment of themes. There was saturation in the data was reached so (Creswell & Poth, 2018, 

pg. 96). Out of the 15 participants in the study, 14 had the same type of perceptions of the 

effectiveness of STEM initiatives on student academic success. Triangulation occurred as 

multiple methods of collecting data were used and participants were from multiple schools and 

districts (Creswell & Poth, 2018). After participants completed the online questionnaire, which 

consisted of 10 open-ended questions, a semistructured interview was conducted to gather more 

information and clear up any questions based on responses. 

Before any data collection from participants occurred, each participant received a consent 

form (Appendix J) via their school email who met the criteria to participate in the study. The 

contact person at each school provided the names of educators who met the criteria, as described 
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in Chapter 3 (Appendices K - M). A recruitment letter was emailed to the prospective 

participants (see Appendix F). The email described the purpose of the study, the data collection 

protocols, and the informed consent letter (see Appendix J). The recruitment email requested 

each participant return the signed informed consent letter, indicating a willingness to participate 

Appendices F and J). 

Data collection began on September 25, 2020 and ended on November 3, 2020. The first 

received signed informed consent form came on September 25th, and the final signed consent 

form needed to meet the minimum number of participants was received on October 21, 2020. 

The final informed consent response rate was 13% (15 out of 114), as two participants ceased 

participation during the data collection stage, after they consented to participate. 

Demographics 

Prior to any data being collected for research purposes, the participants completed a 

demographic questionnaire, which consisted of six questions (Appendix N). The demographic 

questionnaire was administered through SurveyMonkey. The results of the demographic 

questionnaire revealed out of the 15 participants, seven had 15 years or more educational 

experience (see Figure 2). The average years of educational experience at new School A was 

17.25 years, 18 years at School B, and eight and a half years at School C. Overall, the 

participants had an average of five years of experience at the current school (Figure 3). The 

demographic questionnaire also revealed new School A had six participants, School B had four 

participants, and School C had five participants (see Figure 3). The percentage of participants 

from each school was similar. The percentage allowed for a more even distribution of 

perceptions from each school. 
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Figure 3 

School Participation in the Research Study 

 
 

 The data collected for the study captured the perceptions from three types of educators in 

middle schools that implemented STEM programs. Fifteen educators from three middle schools 

in three districts in southeastern South Carolina took part in the study. It is a common practice 

for teachers of all subject areas to collaborate during their planning sessions, therefore the 

participants had a mix of educational roles (see Table 1). One of the ELA teachers taught 

Reading 180, a program for students who were two or more grade levels below in reading. One 

special education teacher, one instructional coach, and two administrators were also part of the 

study. 
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Table 1 

Participant Job Title/Role 

Job title/role                          n 

Social studies teacher  4 

English Language Arts teacher 3 

Math teacher 

Science teacher 

2 

                         2 

Administration 2 

Special education teacher 1 

Instructional coach  

        Total 

1 

    15                             

  

Collection of Data 

The data for the study were collected virtually. All of the open-ended questionnaires were 

completed through SurveyMonkey. The questionnaires took an average of 40 minutes to 

complete. Participants had a choice to complete the semistructured interview either over the 

phone or through Zoom. All participants chose to complete the interviews over the phone and 

participants provided phone numbers to complete the interviews. 

Each participant was interviewed separately with the duration of each interview ranging 

from 30 to 45 minutes. The interviews were conducted after participants completed the online 

open-ended questionnaire through SurveyMonkey. The interviews were recorded using an 

EVIDA 2324 digital voice recorder. In addition to recording the interviews, the responses were 
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transcribed. Each interview comprised 10 questions. After each interview, the recording was 

saved and transcribed using Express Scribe Transcription software, which transcribed the 

interviews verbatim. Member checking was done at the end of the interview, as the responses 

from notes taken during the interview were read back to each participant. 

Data Deviations 

Two deviations from the data collection plan presented to the IRB occurred (Appendices 

B and C). The first deviation was the number of schools participating in the study. The original 

data collection plan was only intended for two middle schools to be in the study. Because the 

needed number of participants could not happen using only two schools, there was an addition of 

a third middle school (Appendix C). The second deviation occurred because of the extra 

responsibilities and new teaching methods implemented by teachers due to COVID-19. The lack 

of participants volunteering to be a part of the study reduced the number of participants from 20 

to 15 (Appendix C). 

Significant and Unusual Events 

There were several significant and unusual events and circumstances encountered during 

data collection. The unusual event plaguing the world during data collection was the COVID-19 

pandemic. The pandemic closed schools in March 2020, and the reopening of schools in the fall 

of 2020 produced challenges for schools across the United States. Some districts started school 

completely virtual, while other districts provided in-person as well as virtual education options. 

Some teachers taught strictly in-person or virtual, while others taught dual-modality. Some 

districts changed teaching modalities based on COVID-19 cases in the school or district. 

Students also went back and forth between in-person schooling and virtual schooling, based upon 

the request of the parent or guardian. The changes in the education setting made it difficult to 
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acquire volunteers for the study. 

Before IRB approval, two schools (original School A and School B) were contacted via 

email to gain approval from the principals to use their schools in the research study (Appendix 

H). After IRB approval, contact to both schools occurred again to obtain a contact person at the 

school to provide a list of prospective participants. The original School A research site 

administrator rescinded permission to participate in the study due to all of the changes taking 

place in education due to COVID-19. Contact of another middle school principal occurred via 

phone to replace the original School A. Approval was given over the phone for new School A 

and then through email (see Appendix G). The proposal was re-sent to the IRB, with approval 

granted (see Appendix C). 

Based on the list of 33 prospective participants provided by the new School A site, three 

volunteered to participate. As more participants were still needed, another recruitment email 

(Appendix F) was sent out, asking for additional volunteers. One person volunteered, bringing 

the new School A participants total to four. School B responded with the name of a contact 

person (see Appendix L). After the identification of prospective research participants took place, 

each person received a recruitment email requesting volunteers for the study. Of the 37 qualified 

to participate, eight volunteered, but then two dropped out due to an excessive workload, leaving 

only six participants. After sending another recruitment email, no one responded. 

When it was determined no more participants would come from the two schools, the 

decision was made to include a third school and drop the number of participants for the study 

from 20 to 15. Eleven schools were contacted, and one school responded affirmatively, hence 

IRB approval was needed again (see Appendix B). A third submission to the IRB was submitted, 

and IRB granted permission, adding the third school, School C, and reducing the number of 
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participants in the study from 20 to 15 (see Appendix C). 

The contact person for School C provided a list of educators who fit the inclusion criteria 

(Appendix M). An email was sent from the researcher’s school email address asking for 

volunteer participants (Appendix F). Of the 44 qualified prospective participants, five 

volunteered to participate, bringing the total number of participants in the study to 15. 

Data Analysis 

Throughout the data analysis process, the questionnaire and interview responses 

identified emerging themes of the participants’ experiences and perceptions. The use of 

ATLAS.ti 9 allowed for the coding of the data from both the questionnaire and interview. By 

analyzing the collected data and exploring the responses, a deeper understanding of the 

participants’ perceptions and themes emerged. 

Coding and Identification of Themes 

Since the administration of the questionnaire was through SurveyMonkey, the 

participants’ responses were exported into a Microsoft Word document. Each document 

pertained to a single question and contained all of the participants’ responses. The uploading of 

the document into ATLAS.ti 9 occurred, where coding took place. Each of the 10 questionnaire 

responses was evaluated. All responses for each question were read over multiple times, looking 

for key terms and phrases. A total of 117 codes emerged from the questionnaire responses. 

Coding occurred on both the questionnaire responses and the interview answers bringing 

the combined number of codes to 179. Based on the responses to both data tools, six themes 

emerged: academic achievement, fostering critical thinking, long-term impact for students, 

implementation strategies, challenges in implementation, and the needs of teachers to implement 

initiatives. The 179 codes were placed into one or more of the six groups, or themes. Common 
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codes were combined, and the final number of codes was 148. 

 The data were transcribed from the interview responses. As the participants completed 

the semistructured interview via telephone, each interview was audio-recorded. After each 

interview, a transcription of the audio recording was generated using Express Scribe 

Transcription software. The participants’ perceptions of the phenomenon of STEM initiatives 

required an in-depth study of the interview responses. Utilizing the notes and transcribed 

interviews helped to provide an unbiased, valid, and credible understanding of the different 

perceptions of the educators involved in the study. 

The exact process used for the questionnaire responses and the data analysis of the 

interview responses was identical. The analysis began with coding keywords and phrases and 

then grouping the codes into common themes. When participants described the same type of 

perception, a theme emerged. The coding process started with 117 codes from the questionnaire 

responses, then 62 new codes were added based on the interview responses. Similar codes were 

combined at the end, for a total of 148 codes, while six themes emerged. The six themes were: 

academic achievement, fostering critical thinking, long-term impact for students, implementation 

strategies, challenges in implementation, and the need of teachers to implement STEM 

initiatives. 

The goal was to identify the essential ideas of the participants, which helped support an 

understanding of the educators. Through the analysis of the qualitative data, each participant’s 

response had equal weight. Even if the response was opposite to the viewpoints of the other 

participants, the exact weight was the same. 

Results 

Six themes emerged from the data collected from the educators from the three middle 
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schools across three school districts in southeastern South Carolina. The use of the ATLAS.ti 9 

software categorized the emerging themes. Data mining was used, along with the coded data, to 

cluster all data. The emerging themes were academic achievement, how STEM fosters critical 

thinking skills, long-term impact on students, implementation strategies, challenges in 

implementation, and the needs of teachers to implement STEM initiatives. The themes which 

emerged answered the three research questions (see Table 2). 

Table 2 

Research Questions and Themes 

Research question Themes 

RQ1:  What did middle school educators feel were the 

benefits students received from participating in STEM 

programs, based on the results of the standardized tests 

for the state? 

 

 

Theme 1: Academic achievement 

 

Theme 2: Critical thinking 

RQ2:  How did middle school educators describe the 

experiences of students while participating in STEM 

initiatives? 

 

 

Theme 2: Critical thinking 

 

Theme 3: Long-term impact 

RQ3:  How did middle school educators perceive strategies 

of STEM education to be effective in helping middle 

school students achieve academic success? 

 

Theme 4: Implementation 

 

Theme 5: Challenges 

 

Theme 6: Teacher needs 

 

Response to Research Question 1 

Research Question 1 asked, what did middle school educators feel were the benefits 

students received from participating in STEM programs, based on the results of the standardized 

tests for the state? 
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Theme 1: Academic Achievement. Questionnaire Question 3 asked the participants, 

How does STEM help both high- and low-achieving students? Participant A3 responded, 

STEM has helped our students because many of them come from low-income families 

and don’t realize they have a way out. STEM allows them to focus on what they can do 

with their mind and hands. STEM allows students the opportunity to find ways of 

successfully working together. Most of the students I taught are deficient in this skill. 

Through teamwork, students at all levels are provided the opportunity to be successful. 

Participant C1 had a different outlook, stating, “Opportunities for group collaboration over 

interesting material and projects is never a bad thing for either learning group but in reality, low 

achieving students benefit most from explicit direct instruction.” 

Participant B2 responded to Question 7 on the questionnaire (How are students able to 

reason both abstractly and quantitatively through STEM?) with, “We first figure out what we 

change, then how to change it and finally how that impacts the world.” However, not all teachers 

felt the same way. Participant C1 did not think low-achieving readers should participate in 

STEM initiatives, stating, “STEM cuts into Reading 180 time. Is it really what they should be 

doing if they cannot read?” Only one participant of the 15 had the perception STEM did not 

benefit all students, especially low-achieving readers (see Figure 4). 

Figure 4 

Participants Who Believe STEM Benefits All Students 

 

Teachers who believe STEM 

education benefits all students

14

Teachers who do not  

believe STEM education 

benefits all students

1 
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Participant perceptions of student academic achievement improved in many aspects, not 

only in math and science (see Table 3). Participant C3 taught the same students in eighth grade 

as taught in sixth grade. Looping means teachers teach the same students in different grade 

levels. Two years later, the looping gave Participant C3 a perspective on the changes over the 

two years 

Participant C3 responded to the interview question, What are differences noticed 

pertaining to student perseverance in terms of STEM education? as follows: 

Students who are in eighth grade now are able to use better and different strategies than 

the same students did in sixth grade. The students have a much greater strength in 

problem solving and know how to take apart questions, in order to find the answers. 

Improvement in academic achievement occurred across the curriculum.  

Social studies teachers perceived students gained a deeper understanding of history and knew 

how history compared to society today. Social studies teachers observed students relating 

geography to science, as with the study of migration, wetlands, and pollution. According to 

teacher observations, students become more proficient writers because of the cross-curricular 

concept of STEM (see Table 3). Educators perceived the improved academic achievement in 

students and the higher quality of lesson planning by teachers, which correlated to improved 

instruction in the classroom. 
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Table 3 

Academic Achievement 

Code 

No. times used  

in participants’  

responses  

Problem solving/learning from mistakes    21 

Critical thinking skills  13 

Benefits all students/all involved in learning 9 

Extends learning/growth of students 8 

Answering/asking questions and discussion                8 

Improved instruction by teacher 7 

Deeper understanding  7 

Justify work/reasoning 5 

No repetition and/or reciting of facts when learning 4 

Better writers/higher vocabulary skills 4 

Make connections to learning  3 

Perseverance/confidence in learning 3 

Does not benefit low-achieving students  3 

Students do not always like deeper thinking/no achievement difference 2 

Ownership/passion in learning 2 

 

Theme 2: Fosters Critical Thinking. The educators discussed how STEM fostered 

critical thinking skills (see Table 4). Teachers gave students real-world situational problems the 

teachers believed had no easy answer or solution. The teachers and instructional coaches 
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perceived the situations challenged the students’ abilities and allowed for problem-solving. 

According to the participants interviewed, the ability to think critically allowed the students to 

find solutions to the problems at hand. In the questionnaire, Participant C2 responded, 

Students develop problem-solving skills by practicing things like project-based learning, 

and by having an education which frames problems in a way which need to be solved by 

using skills obtained in multiple disciplines. This is a much more realistic approach for 

students, since in life do we rarely have problems which can be solved by just one 

discipline. 
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Table 4 

Fosters Critical Thinking Skills 

Code 

No. times used 

in participants’ 

responses 

Problem solving 19 

Critical thinking skills 13 

Real-world problems/applications  12 

Challenging/increased rigor 6 

Analyze data/evaluate 6 

Abstract thinking 4 

Questioning 3 

Using a variety of solutions 3 

Deeper understanding 3 

Ask questions 3 

Reasoning/recognize patters 2 

Learn from mistakes 2 

Justify thought process and answers 1 

 

Participant C3 answered questionnaire Question 4 pertaining to how students develop problem-

solving skills: 

By collaborating with each other. They brainstorm ideas together, work with different 

opinions and ideas, they learn how to verbalize with each other productively, they 

practice/manipulate the problem at hand while making mistakes but figuring out by 
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themselves how stuff works on their own. 

Response to Research Question 2 

Research Question 2 asked, How did educators describe the experiences of students while 

participating in STEM initiatives? Results throughout the data analysis occurred, and significant 

insights arose from the data. The central epiphany which emerged as a theme in data analysis 

was the idea of the long-term impact of STEM on students (see Table 5). The number of 

different codes emerging within the theme of the long-term impact of STEM education was not 

expected. 
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Table 5 

Long-Term Impact on Students 

Code No. times used 

in participants’ 

responses 

Problem solving 29 

Application to the real world 29 

Critical thinking skills 24 

College and career ready 8 

Self-motivated 7 

Improve future life/way out of poverty 7 

Develop self-growth 7 

Learn more/ownership of learning 6 

Job skills/greater work ethic  6 

Deeper understanding/skill set 6 

Creativity 6 

Become an active member of society/global citizens 6 

Make connections to learning 4 

Learn from mistakes 4 

Interest in the future 4 

Computer applications 4 

Answering questions 4 

Abstract thinking 4 

Student leadership skills/conflict management 3 

Productive struggle 3 

Justify thoughts/reasoning 3 

Exposure to careers and science opportunities 3 

Better writers/higher vocabulary 3 

Analyze data 2 
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Theme 2: Fosters Critical Thinking. Theme 2, described under Research Question 1, 

was additionally tied into Research Question 2. Critical thinking skills impacted students' 

academic achievement and were part of the experiences the students obtained through the STEM 

initiatives. Participants perceived the experiences obtained by students not only fostered the use 

of critical thinking skills during the activity but also taught the students new critical thinking 

strategies from peers during the activity. 

Theme 3: Long-Term Impact on Students. A second insight within the theme of long-

term impact for students was how STEM could bring a student out of poverty. Perceptions 

became apparent in the coding, indicating STEM allowed students to become active members of 

society while allowing a plentitude of opportunities not customarily be provided to the students 

(see Table 5). In terms of long-term impact on students, Participant A2 commented, 

Students can see different careers, what people do and how they use STEM. Students 

need to know problem-solving aspects for all jobs. The problem-solving skills help build 

on for the future and the students need to know different techniques. 

Theme 2, described under Research Question 1, additionally tied into Research Question 2. 

Critical thinking skills impacted students' academic achievement and were part of the 

experiences the students obtained through the STEM initiatives. 

Response to Research Question 3 

Research Question 3 asked, How did educators perceive strategies of STEM education to 

be effective in helping middle school students achieve academic success? Participants from three 

middle schools in three counties in southeastern South Carolina were a part of the study. 

Although each middle school implemented STEM initiatives differently, all three schools had 

several codes in common. 
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Theme 4: Implementation Strategies. Regardless of if the school had a school-wide 

STEM initiative or a lab or pre-engineering class available for some students, the main 

implementation strategies focused on real-world applications, culminating projects, hands-on 

learning, and problem-solving (see Table 6). Of the 169 total usages of codes for implementation 

strategies, 90, or 53%, came from the four areas (see Table 6). 
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Table 6 

Implementation Strategies 

Code No. times used 

in participants’ 

responses 

Project-based learning 29 

Applications to the real world 29 

Culminating project 18 

Hands-on learning 14 

Engineering design cycle/scientific methods 9 

Applied learning 7 

Communication with local governments 6 

Technology in the classroom 5 

Teacher as a facilitator 5 

Field trips 5 

Exposure to career and science opportunities 5 

Share learning experiences with others/public speaking 4 

Gifted classes/high school credits in middle school 4 

Computer applications 4 

Asking questions 4 

3-D printing/coding video games 4 

STEM lab 3 

Questioning 3 

STEM every day in class 2 

Analyze data 2 

Student leadership 1 

Arts integrated 1 

 

Participant A4 stated, “Consistent focus needs to be on application, with less rote 
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knowledge. Application facilitates the process of more skills being learned, which are based on 

the interest of the students.” As the case study was completed in middle schools in southeastern 

South Carolina, many participants perceived real-world field trips as a significant 

implementation strategy, living close to beach areas. Participant B1 described a yearly kayaking 

trip all students take, based around STEM: 

[The kayak trip] allows for students to solve real-world problems outside of the 

classroom. During the yearly kayak trip, students not only test the runoff water for water 

quality and pesticides, but look for pollution based off fish signs, read and write about 

water quality, using the book “River of Words” and complete an art project after the trip. 

Participant A4 noted the school district offers a summer STEM camp, stating, “It is awesome, I 

even send my own kids to the camp.” 

Theme 5: Challenges to Implementation. The data showed most educators who 

participated in the study agreed STEM initiatives benefitted all students. The participants 

realized initiatives needed to be implemented across the curriculum, but many spoke of the 

challenges in implementing STEM. To fully implement a program, all staff members needed to 

be on board, and in some instances, not all teachers were willing to participate (see Table 7). 
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Table 7 

Challenges to Implementation 

Code 

No. times used 

in participants’ 

responses 

All teachers need to participate 14 

Time consuming for teachers 10 

Consistency 5 

Teachers do not know how to fully implement STEM 4 

No college prep for teaching STEM 4 

Lack of funding 4 

Lack of communication amongst staff 4 

Not enough resources and materials 3 

Teachers need a better understanding of STEM 3 

Too many standards to teach 3 

Leadership needs to promote STEM 3 

Turnover rate of teachers 2 

Teachers are not creative enough 2 

Large class sizes 1 

Higher caliber of volunteers needed 1 

Cuts into special reading class for low-achieving readers 1 

Buy-in needed from parents and students 1 

 

A lack of funding and resources hindered implementation. Some grants were sought and 
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awarded, but not always. Teachers felt burdened by the amount of time involved in 

implementing STEM initiatives fully. Participant C3 mentioned during the interview, “Time 

management is a huge challenge for teachers; there is never enough time to do all of what is 

wanted or required to do.” 

Sixteen percent of the responses regarding the challenges in implementation theme cited 

science, technology, engineering, and math being too time-consuming (see Table 7). The high 

teacher turnover negatively impacted implementation, as Participant A4 responded, “Parents and 

teachers do not always stay involved. At times, it is hard to maintain personnel who are willing 

to be in charge.” 

Theme 6: Teacher Needs to Implement STEM. Throughout the questionnaires and 

interviews was an overwhelming desire for the students to obtain the best education possible. 

However, 15 different responses by the participants revealed the teachers did not feel qualified to 

implement STEM initiatives (see Table 8). The participants noted teachers did not feel confident 

due to a lack of understanding of how to implement STEM initiatives. Teachers perceived 

college did not adequately prepare them in the area of STEM implementation. Seventy-five 

percent of the teachers believed if more assistance, including professional development, were 

offered, implementation would be easier and more effective (see Table 8). 
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Table 8 

Teacher Needs 

Code 

No. times used 

in participants’ 

responses 

Time consuming for teachers  10 

Teachers do not know how to fully implement STEM  8 

Professional development 7 

Cross-curricular planning 7 

Funding provided 5 

Consistency 5 

Communication among teachers 5 

Add STEM one step at a time 4 

Help generating ideas 3 

Grade-level meetings to discuss STEM 3 

Few projects a year 2 

Emphasis moved away from computer-based testing 2 

STEM should not be a priority 1 

Greater STEM leadership 1 

 

Reliability and Validity 

In qualitative research, reliability and validity were criteria for judging the quality of the 

research design (Yin, 2018). To establish reliability and validity, the instrumentation, saturation 

of data, and trustworthiness of the research needed to be addressed (Yin, 2018). The validation 
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process assessed the accuracy of the findings which were best described through the participants' 

perceptions (Creswell & Poth, 2018).  

The first test of reliability and validity occurred through the instrumentation using 

questionnaires and interviews from participants in three middle schools. Environmental 

triangulation was used in the study to construct validity. Through the use of three local settings 

where the study took place, the implementation of environmental triangulation provided validity. 

Participants were from three middle schools in three school districts across southeastern South 

Carolina. Participants included educators from different grade levels who taught different subject 

areas. 

Even though environmental triangulation took place, saturation in the data still occurred. 

Saturation was the second test of reliability and validity in the study. Internal validity occurred 

when one of the 15 participants did not have the same perceptions and viewpoints about STEM 

initiatives as the other 14, which helped validate the study. The different perception of the one 

participant was recorded and documented in the data provided in the study. As each participant 

was interviewed, the same perceptions came up time and time again and no new information was 

being gathered (Creswell & Poth, 2018). Participants who had less than three years’ educational 

experience and less than two years of experience at the schools where the study took place were 

not allowed to volunteer. 

The third test of reliability and validity, trustworthiness occurred in the study. There was 

an open mindset when collecting and analyzing the data. Voluntary participants were from three 

schools in three school districts across Southeastern South Carolina. The participants were a 

group of educators who would have the best perceptions of the effectiveness of STEM initiatives 

on student academic success.  
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Consistent strategies were throughout the study. When data collection began, each 

prospective participant received an email invite to volunteer for the study. After a response email 

was received, the participant was sent the informed consent form to read and sign via email. 

Once the participant returned the informed consent form, the participant then received the 

demographic survey via SurveyMonkey. The information on the demographic survey included 

the participant’s name, school, subject taught, years of educational experience, and years of 

experience at the school (Tables 1 and 2). Once the years of experience were verified, the 

participant received the online questionnaire through SurveyMonkey. Each questionnaire was 

identical and consisted of 10 open-ended questions. After completing the questionnaire, 

participants completed the interview over the phone. Each participant answered 10 interview 

questions, and all participants had identical questions. 

Qualitative case studies could not transfer to another population (Yin, 2018). The 

findings from the case study were the participants’ perceptions within three middle schools in 

southeastern South Carolina, which might not be the same at other middle schools across the 

United States. The findings from the case study were on the perceptions of the effectiveness of 

STEM initiatives on student academic success.  

Chapter Summary 

The chapter outlined the data analysis and the results of the qualitative case study and the 

instrumentation, reliability, and validity. The study used two primary data-generating 

instruments: an online questionnaire and an interview. The study consisted of 15 educators from 

three middle schools. Data collection procedures and analysis process aligned with the research 

questions, which guided the study. Participants’ responses from the online questionnaire and the 

interview were coded and resulted in six emergent themes. 
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Theme 1 was the participants’ perceptions of how STEM impacted student academic 

achievement. Ninety-three percent of the participants in the study believed STEM initiatives 

improved students’ academic achievement on formative and summative assessments and state 

standardized tests. One participant in the study did not believe STEM improved the academic 

achievement of students. 

Theme 2 emerged as the participants discussed perceptions related to whether STEM 

fostered critical thinking skills. Ninety-three percent of the educators believed by providing 

students with real-world problems which have a variety of solutions, students use problem-

solving and critical thinking. Through the fostering of critical thinking, students were challenged 

more and, in return, gained a deeper understanding of the academic material. 

Theme 3 related to the long-term impacts of STEM. The participants described many 

experiences students obtained from the school initiatives, all tied to critical thinking and problem 

solving through real-world applications. The experiences not only impacted the students while in 

school but had long-term impacts for the students. One-third of the participants believed, by 

exposing middle school students to STEM, the long-term impacts allowed the students to obtain 

a better future and provided a way out of poverty. 

Theme 4 centered on the implementation strategies of STEM in the three middle schools. 

The three middle schools used different strategies. While each school implemented STEM 

initiatives differently, the implementations were geared around real-world experiences for 

students, taught problem solving, and fostered critical thinking skills. 

The participants believed there were many challenges in fully implementing STEM, 

which emerged as Theme 5. Lack of funding and resources were problems at most of the 

schools. Six participants expressed the importance of having a school leader who promoted 
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STEM. All of the participants agreed a significant amount of time was needed to implement 

STEM. Due to turnover rates among administration and staff, a lack of consistency was a 

challenge in implementing STEM. 

Theme 6 revealed participants’ perceptions around the needs of teachers to implement 

STEM adequately. One-fifth of the participants stated college did not prepare the teachers to 

implement STEM effectively, and more professional development was needed. Five participants 

perceived a lack of creativity and stated teachers needed help generating ideas to implement 

STEM fully. Forty percent of the participants believed teachers needed more professional 

development for better implementation strategies. 

An examination of discussions and conclusions takes place in Chapter 5. The chapter 

outlines the findings and conclusions of the study, limitations, recommendations, and 

implications for leadership. The chapter concludes with a summary of the study. 
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Chapter 5: Discussion and Conclusion 

The purpose of the qualitative case study was to explore the perceptions of the 

effectiveness of STEM initiatives on student academic success at three middle schools in 

southeastern South Carolina. The qualitative case study provided several key findings. Fifteen 

educators from three middle schools in southeastern South Carolina took part in the case study. 

The participants had experience within a school which had a STEM initiative. Fourteen of the 15 

participants believed STEM benefitted all students, especially in teaching students to use critical 

thinking and problem-solving skills to complete real-world, hands-on projects. 

Research Question 1 focused on the perceptions of the participants concerning academic 

achievement on the standardized tests for the state. As seen in Figure 4, 93% of the participants 

in the study believed STEM benefitted all students. Of the 41 codes and 111 uses, two of the 

codes, problem-solving and critical thinking, were used a combined 32 times. Overall, the 

participants deemed STEM initiatives to improve students’ academic achievement on formative 

and summative assessments and state standardized tests, as seen in Table 3. Critical thinking 

skills was a theme that emerged from the responses. Table 4 represented how the participants 

perceived STEM fosters critical thinking. Of the 18 codes in Table 4, three principal codes 

emerged: critical thinking, problem-solving, and real-world applications. The three codes 

combined were used 54% of the time in responses tied to critical thinking and academic 

achievement. 

Determining the many experiences students attained while participating in STEM was the 

purpose of Research Question 2. Students attained various experiences from the school 

initiatives, all tied to critical thinking and problem solving through real-world applications. The 

codes from Table 4, fostering critical thinking skills, pertained to Research Questions 1 and 2. 
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The experiences described by the participants had a short-term impact on the students and had 

long-term impacts for all (see Table 5). 

Research Question 3 focused on the implementation of STEM at the three schools. Each 

of the three middle schools implemented different STEM initiatives (see Table 6). Even so, the 

implementations were centered around real-world experiences for students, teaching problem 

solving, and fostering critical thinking skills. Participants believed by exposing students to real-

world problems and situations, critical thinking and problem solving occurred through projects 

and hands-on learning. All of the STEM initiatives were student-centered. Two subthemes 

emerged in responses to Research Question 3: challenges of implementation (see Table 7) and 

teachers’ needs to better implement STEM (see Table 8). 

Major sections to follow included discussions of the findings, interpretations, and 

conclusions of the study. Limitations and recommendations were made, and implications for 

leadership were discussed, followed by a chapter summary. 

Findings, Interpretations, Conclusions 

The analysis resulting from the three research questions revealed perceptions of the 

effectiveness of STEM initiatives on student academic success at three middle schools in 

southeastern South Carolina. The themes which emerged out of educator perceptions were how 

academic achievement was improved, fostering critical thinking, long-term impacts on students, 

challenges in implementation, and the needs of teachers for better implementation. The themes 

were studied and compared to the literature reviewed in Chapter 2. Furthermore, the findings 

from the contextual framework were analyzed and interpreted. 

Findings in Comparison to Literature Review 

Constructivist learning theory, zone of proximal development, and transformational 
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leadership were the basis for the findings from the data. Three research questions organized the 

study. Through the data analysis, six themes emerged: academic achievement, fostering critical 

thinking, long-term impact for students, implementation strategies, implementation challenges, 

and teachers' needs to implement STEM initiatives. The six themes, based on the three research 

questions, were compared to the research reviewed in Chapter 2. 

Research Question 1 

Students’ academic achievement due to STEM initiatives was part of the literature 

reviewed in Chapter 2. Research Question 1 asked what did middle school educators feel were 

the benefits students received from participating in STEM programs, based on the results of the 

standardized tests for the state? Students’ capabilities connected to shifts in academic 

achievement, which were affected due to changes throughout the world (Tan et al., 2017). The 

shift allowed students to move from only obtaining knowledge from the teacher to needing 

mastery of multiple skills (Barak, 2017). The Constructivist Learning Theory was built on the 

concept students learn by doing instead of just being told (Barak, 2017). Participants in the case 

study believed the implementation of STEM extended students’ learning and growth through the 

hands-on learning process. Nugroho and Wulandari (2017) believed students took an active role 

in the learning process through experiences was the basis of constructivism in the classroom. 

Bicer et al. (2015) believed schools implemented STEM to decrease the achievement 

gaps and improve standardized test scores. Data from the study showed educators believed 

implementing STEM produced better writers and improved students’ vocabulary skills. More 

students were involved in answering and asking questions in the classroom, according to the 

participants. 

The majority of participants perceived STEM benefitted all students by improving 
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instruction by the teacher in the form of teachers having students utilize problem-solving skills 

and learning from mistakes through hands-on learning. A study by Watson et al. (2019) showed 

85% of the teachers in the study supported hands-on learning as the favored instruction method. 

Students who participated in STEM in the classroom displayed positive gains academically 

(Kelley & Knowles, 2016). The case study data portrayed participants’ perceptions of students 

gained a deeper understanding of the content material through hands-on learning, as 

implemented by STEM initiatives. 

Participant C1 disagreed with the other participants concerning the belief all students 

benefitted from STEM. Not all studies revealed STEM improved the academic performance of 

students (Kim, 2015). While 14 of the 15 participants believed STEM benefits all students, 

Participant C1 thought only students enrolled in the gifted classes benefitted and stated STEM 

should not be a priority in schools. Zaloom (2019) believed STEM should not take all the time, 

money, and effort in schools. Others believed the allocation of too much money and emphasis 

went to STEM (Zakaria, 2015). Participant C1 thought improving student literacy should be 

emphasized more. 

Research Question 2 

Students' experiences tied to STEM initiatives were another aspect of the literature 

reviewed in Chapter 2. Research Question 2 focused on how educators described the experiences 

of students while participating in STEM initiatives. Studies showed STEM to be crucial for 

students to encourage innovation (English, 2017). The case study data showed different STEM 

experiences allowed students to think critically about real-world problems. Engineering for Kids 

(2016) found STEM produced students who knew how to problem-solve and think critically 

because of the different experiences in class. 
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Data from the case study supported the idea STEM provided students real-world 

experiences and prepared the students to become active members of society. There was a 

concern in society in which education was not keeping up with the ever-changing demands of the 

21st century (Meyer & Norman, 2020). Data collected from Theme 3 produced 24 codes. The 

participants used the 24 codes 179 times. The three codes used the most were applications to the 

real world, critical thinking, and problem-solving, and were used 46% of the time (see Table 5). 

Ozkan and Topsakal (2017) found activities around STEM enabled students to find numerous 

and creative solutions to real-world problems. 

Data collected depicted participants in the study discussed the perception STEM 

experiences provided students with a deeper understanding of the content and developed multiple 

skill sets, including self-growth. Dubriwny et al. (2016) found self-assurance of students was 

essential in succeeding in improving or increasing the interest and the achievement in STEM 

education. Different types of STEM programs granted students multiple opportunities to learn 

and develop 21st-century skills (Cohen et al., 2019). 

Research Question 3 

Sections of the literature reviewed in Chapter 2 discussed strategies used to implement 

STEM initiatives. Research Question 3 focused on how educators perceived strategies of STEM 

education to be effective in helping middle school students achieve academic success. Studies 

showed integration of STEM was a best practice for education (Margot & Kettler, 2019). 

The study collected data from participants in three middle schools located in three 

districts across southeastern South Carolina. Although each school implemented STEM 

differently, the participants had similar viewpoints on best practices and strategies. Because the 

implementation process was different for the three schools, participants listed different 
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instructional challenges and benefits in implementing STEM. The themes which arose from 

discussing effective STEM initiatives were different implementation strategies, implementation 

challenges, and teachers' perceptions to implement the initiative adequately. Data collected for 

Research Question 3 exhibited features of the theoretical framework regarding transformational 

leadership and constructivism. 

The study data revealed participants believed the implementation strategies allowed 

students to learn problem-solving skills through inquiry-based hands-on learning (see Table 6). 

TES Editorial (2018) found having a student-centered learning environment while implementing 

inquiry-based learning and projects was the foundation of constructivism. Using real-world 

culminating projects with hands-on learning was the main strategy participants in the study used 

and perceived to be the most beneficial to students. Piaget believed in the active construction of 

knowledge through engagement in hands-on learning and exploration (Csizmadia et al., 2019). 

Vygotsky believed project-based learning was a best practice in education, which led to the 

scaffolding of new information for the students (Clark, 2018). 

Implementation strategies data (see Table 6) showed participants in the study thought 

using the engineering design process; students learned from mistakes and applied learning to 

other areas of education to solve problems. Morrow (2020) found the importance for students to 

become prepared in school to solve future problems. In school, the learning process should be 

geared around students constructing knowledge while learning through STEM initiatives 

(Darling-Hammond et al., 2020). 

The data produced 17 challenges with STEM implementation strategies (see Table 7). 

Perceptions in the data revealed not all teachers felt comfortable or qualified to implement 

STEM in the classroom. Participants discussed the importance of a supportive leader in the 
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school who was passionate and consistent about implementing STEM. Beliefs were shared, 

which revealed if the principal was not on board with STEM initiatives, the teachers felt the 

initiative was not essential and did implement the initiatives with fidelity. Research showed 

transformational leadership positively changed a school (Lamm et al., 2016). 

Anderson (2017) found school leadership was a critical factor for solid teacher and 

student performance. Data from the present study (see Table 7) showed participants believed 

STEM could be implemented at a greater level if all teachers participated. The participants 

realized not all principals support STEM, hence when there was a change in leadership, there 

was a change in attitude among the staff. Research showed transformational leaders highlighted 

the best in staff because leadership focused on innovations, reform, and change (Lamm et al., 

2016). A high level of staff motivation had ties to transformational leadership (Kouni et al., 

2018). 

A third theme emerged regarding Research Question 3 relating to what the participants 

believed was needed for teachers to thoroughly implement STEM (see Table 8). Teacher efficacy 

affected the academic achievement of students (Taştan et al., 2018). Three teachers in the study 

felt as though college had not prepared the teachers for knowing how to implement STEM in the 

classroom. Nowikowski (2017) found in-service teachers delivered most of the instruction in 

classrooms using traditional teaching methods instead of integrating STEM. 

The data from the teachers in the study revealed a need for more professional 

development. Gardner et al. (2019) found many schools lack training and professional 

development for teaching STEM. Research showed teachers who chose to participate in 

professional development to learn STEM implementation felt more confident and had a higher 

self-efficacy level to implement numerous classroom strategies (Nowikowski, 2017). 
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Limitations 

The application of five limitations was a part of the study. The employed years the 

participants had at the school was the first limitation. The limitation excluded some teachers at 

the schools from participating in the study as some teachers did not have at least two years of 

experience at the school site. Participants also had to have an understanding of the STEM 

initiatives at the school, have direct knowledge or experience with STEM students, and could 

explain and discuss student academic success in the classroom. 

Credibility was established in the study. The two main techniques used to obtain 

credibility were triangulation and member checking. Data triangulation occurred when multiple 

instruments were used to collect data. Environmental triangulation took place because three 

schools in three different school districts were used in the study. Member checking occurred 

when the notes of the interview were read back to the participant, giving them the opportunity to 

make any changes and additions.  

An establishment of trustworthiness and consistency among the 15 participants was 

through the documentation of data collected. Each of the 15 participants completed the online 

questionnaire through SurveyMonkey, and each phone interview was audio-recorded and 

transcribed. Participants were made aware the interview was being recorded at the beginning of 

the phone interview, and each agreed. The data was documented through the six themes which 

tied to the research questions (see Table 2). Support for the findings of each research question 

was by data collected and quotes from participants. 

The last limitation of the study was the methodology was chosen: a case study. The study 

could not be transferred entirely to every setting using the chosen method. The study described 

the participants' viewpoints and perceptions at the three schools involved in the study. The case 
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study did provide some transferability as participants were from three schools. Participants from 

all three schools experienced teaching different subject areas, different educational roles, and 

different years of experience. Since the participants were only from three schools and the study 

was based on the perceptions of the educators at the schools, the findings of the study are not 

generalizable to all populations. While two of the schools were Title I schools due to the 

percentage of students who received free and reduced lunch; School B was not a Title I school. 

All three schools implemented the STEM initiatives differently. 

Recommendations 

Recommendations for future research were provided as follows, along with changes in 

school practices grounded in the themes which emerged from the study's data analysis. 

Additional research should explore the lack of STEM programs in middle schools, elementary 

schools, and high schools. Different research methods should include quantitative and mixed-

method research approaches. Additional research should analyze state standardized test scores in 

schools with STEM programs to answer how students perform better at all grade levels who 

participate in the program for greater accountability (Dizon-Ross, 2020). 

Additional research should be focused on district offices in school districts across the 

United States to determine why STEM programs are not in all schools. Each school district was 

unique in some aspect and the reasons might differ. School district policies should focus on 

implementing research-based best practices in education. Through a hands-on inquiry-based 

approach, constructivist learning had improved academic achievement since being traced back to 

Jean Piaget (Smith, 2017). School board members and district office staff should find funding to 

allocate to all schools to implement STEM. Policymakers should ensure all schools have 

adequate funding for STEM programs as not all schools offered opportunities appropriate to the 
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students’ needs (Bottia et al., 2018). STEM education to students in low-socioeconomic schools 

and living in impoverished communities improved students' future lives and has the potential to 

help remove students from a life of poverty (Darling-Hammond et al., 2020). 

Research could be conducted at colleges with teaching programs to determine if 

preservice teachers are being taught strategies regarding how to implement STEM to see if the 

findings corroborate the perceptions in this study. The majority of the participants did not feel 

competent to implement STEM, even though three had graduated within the past six years. Prior 

research indicated teachers were not receiving adequate college-level preparation to prepare 

teachers to implement STEM (Nowikowski, 2017). The college research should include 

interviews with the department chairpersons and the college professors and students in teacher 

preparation programs. Educational practices in K–12 schools are shifting to prepare students to 

become 21st-century citizens.  

Implications for Leadership 

The results of the study may have significance to the field of education and school 

leaders in the United States. The results revealed perceptions of the effectiveness of STEM 

initiatives on student academic success at three middles schools in Southeastern South Carolina. 

The research findings of educator perceptions of the effectiveness of STEM initiatives on student 

academic success will be provided to state and district educational leaders as well as school 

principals. The study aimed to provide a holistic overview of the perceptions of the effectiveness 

of STEM. Future implementation of the recommendations of the study may benefit not only 

educators in schools across the United States but students and teacher preparation programs at 

colleges as well. 

State and District Educational Leaders  
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The perceptions of educators revealed STEM provided students with critical thinking 

skills to solve real-world problems. The Profile of the South Carolina Graduate consists of goals 

for high school students to have world-class knowledge, world-class skills, and life and career 

characteristics students upon high school graduation (SCDE, 2019b). World-class knowledge 

included proficiency in STEM. World-class skills included creativity, critical thinking, problem-

solving, and other skills teachers perceived students learn through STEM initiatives and 

programs. Some of the life and career characteristics revealed in the data from this study 

included self-direction, which implied perseverance. 

School Principals 

Future studies could benefit school principals across the United States with improved 

strategies to be used in the classroom to create 21st-century learners. The study provided educator 

perceptions of student experiences through STEM initiatives. The study allowed principals to see 

the theoretical premise of constructivism in classrooms as a best practice teaching method. 

The study showed participants believed the more supportive a school principal was in 

implementing STEM, the more effective teachers were in the implementation process. Not all 

teachers felt competent in implementing STEM and needed support, which could come from 

more professional development.  

College Leaders 

The perceptions in the study revealed teachers wanted to implement STEM in the 

classroom but were unsure how to achieve the implementation. Teachers relied on what was 

learned in college for implementation in classrooms. One-fifth of the participants who graduated 

college within the past six years of the time of this study did not feel prepared to fully know how 

to implement STEM initiatives. STEM preparation coursework could be added to postsecondary 
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curricula.  

Conclusion 

The qualitative case study explored perceptions of the effectiveness of STEM initiatives 

on student academic success at three middle schools in southeastern South Carolina by 

understanding the perceptions of the educators involved in the study and gaining in-depth 

knowledge into the insights of the perceptions of the effectiveness of STEM initiatives occurred. 

The 15 participants were from three middle schools in three counties in southeastern South 

Carolina. 

Analyzed data from the questionnaires and interviews of the educators, and the results of 

the qualitative case study revealed six major themes. The six themes related to STEM 

perceptions were: academic achievement, fostering critical thinking, long-term impact for 

students, implementation strategies, challenges in implementation, and the need of teachers to 

implement initiatives. The second theme, fostering critical thinking through STEM, overlapped 

both Research Question 1 and Research Question 2. 

Several limitations applied to the case study, with the number of participants being 15 

from just three schools. Even with the limitations, the case study explored perceptions from a 

diverse group of participants in schools that implemented STEM in different ways. While 

complete transferability was not possible as the study was a case study, the diverse group of 

participants allowed some transferability to other schools and school districts. 

The study contributed to the growing interest and need for further research on 

implementing STEM in middle schools. Perceptions in the study revealed STEM initiatives 

significantly and positively impacted middle school students. The state and district level and 

principals at the local school level were given educational recommendations. Furthermore, 
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teacher programs at the college level received recommendations. 

Based on the data, educators perceive teaching critical thinking skills in the classroom by 

implementing the solving of real-world problems through hands-on projects improved the 

academic achievement of middle school students and provided students an opportunity for a 

better future. Not all teachers felt competent to implement STEM in the classroom. Others 

expressed a need for professional development in STEM and better training in postsecondary 

teacher education programs. Overall, 14 of the 15 participants believed STEM programs 

benefitted all students in the classroom, regardless of the students' academic ability. 
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Appendix B 

Second Approval from Institutional Review Board 
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Appendix C 

Third Approval from Institutional Review Board 

 

 

 

 

 

 

 

 

 

 

 

 

 



EDUCATOR PERCEPTIONS OF STEM EDUCATION 142 

 

Appendix D 

Questionnaire Questions 

 

1. Pertaining to STEM, how is your teaching practice continually improving?  

2. How is STEM being implemented at your school? 

3. How does STEM help both high and low achieving students? 

4. How do students develop problem-solving skills through the implementation of STEM? 

5. What type of activities with a real-world context do the students complete? 

6. How do students use the strategies from STEM in other subject areas? 

7. How are students able to reason both abstractly and quantitatively through STEM? 

8. What variety of assessments are used throughout the year to evaluate progress? 

9. What types of academic achievements in other areas have been seen, using what the 

students learned in STEM? 

10. How does the school promote higher-order thinking, analysis, synthesis and evaluation of 

ideas and information?  
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Appendix E 

Interview Questions 

1. In your own words, define STEM education? 

2. What are some examples of real-world outcomes for students who have an effective 

science or STEM education? 

3. What does a classroom which integrates STEM looks like and feels like and how can 

STEM be integrated across content areas? 

4. What are some examples of collaboration between science and non-science teachers in 

your school?  

5. What are some partnerships (e.g., with community, non-profits, universities, businesses, 

industry, etc.), if any, your school has formed to help further STEM education? 

6. How can effective STEM education be increased at your school? 

7. What are some challenges faced on the way to supporting STEM education? 

8. What are differences noticed pertaining to student perseverance in terms of STEM 

education? 

9. How has STEM education improved student achievement? 

10. How are the students challenged in coursework with STEM? 
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Appendix F 

Research Participant Recruitment Letter 

Date 

 

Dear: 

 

I am writing to let you know about an opportunity to participate in a dissertation research study 

about perceptions of student teaching. I am a doctoral student at American College of Education. 

The information was used for my dissertation research related to The Perception of STEM 

Education on Middle Schools: A Case Study. You have been identified as a possible participant 

since you are currently teaching in one of the three middle schools, I am using in my research 

study, you have at least three years’ teaching experience and you have taught at the school for at 

least two years.  

 

The purpose of the research study is to explore the perceptions of the effectiveness of STEM 

initiatives on student academic success at three middle schools in Southeastern South Carolina 

and to identify how the programs make the three schools successful based on the state 

standardized tests of South Carolina. As I have mentioned, you have been identified as a possible 

participant for the study. Agreement to be contacted for more information does not obligate you 

to participate in the study. Your participation in the study is voluntary. If you do not wish to 

participate, you may withdraw at any time.  

I may publish the results of the study; however, I will not use your name or share any 

information you provided. Your information will remain confidential. If you would like 

additional information about the study, please contact me.  

Principal Investigator:  

Email:  

Phone:  

 

Dissertation Chair:  

E-mail:  

Phone:   

 

Thank you again for considering this dissertation research opportunity. 

 

Sincerely, 
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Appendix G 

School A Permission Email  
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Appendix H 

School B Permission Email  
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Appendix I 

School C Permission Email 
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Appendix J 

Informed Consent Form 

Prospective Research Participant:  

Read this consent form carefully and ask as many questions as you like before you decide 

whether or not you want to participate in this research study. You are free to ask questions 

at any time before, during, or after your participation in this research. 

  

Project Information:  

The goal of this research study is to explore the perceptions of the effectiveness of STEM 

initiatives on student academic success at three middle schools in Southeastern South Carolina.  

 

Project Title: The Perception of STEM Education on Middle Schools: A Case Study 

 

Lead Researcher 

 

Institution 

American College of Education 

Email 

 

Phone number 

 

 

Lead Researcher’s Faculty Member:  

Organization and Position: American College of Education, Dissertation Chairperson 

Email 

 

Phone number 

 

 

Introduction 

I am a student at American College of Education. I am doing research under the guidance and 

supervision of, Dissertation Chairperson. I will give you some information about the project and 

I invite you to be part of this research. Before you decide, you can talk to anyone you feel 

comfortable with about the research. Please ask me any questions as we go through the 

information and I will explain. If you have questions later, you can ask them then. 

 

Purpose of the Research  

The purpose of the qualitative study is to explore the perceptions of the effectiveness of STEM 

initiatives on student academic success at three middle schools in Southeastern South Carolina.  

 

Brief Description of Methodology  

This research will involve your participation in completing an open-ended questionnaire and an 

interview will take place either in person, via phone, or virtually, and will last about one hour. 

 

Participant Selection 

You are being invited to take part in this research because your experience as either an 

administrator, instructional coach, or teacher at one of the chosen middle schools. You also have 

at least 3 years’ experience in education and at least 2 years’ experience at your present school. 
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Voluntary Participation  

Your participation in this research is entirely voluntary. It is your choice whether or not to 

participate. The choice you make will have no bearing on your job or on any work-related 

evaluations or reports. You may change your mind later and stop participating even if you agreed 

to participate earlier. 

 

Procedures  

I am asking you to help me learn more about how educators perceive the effectiveness of STEM 

education in middle schools. I am inviting you to take part in this research project. If you accept, 

you were asked to participate in an interview. The semi-structured questions will focus on the 

experiences perceived by the educators. 

 

Duration  

The research takes place over two months. During that time, I will email you the questionnaire 

through SurveyMonkey for you to complete. After the questionnaire is complete, I will conduct 

the interview with you, either in person, via phone, or virtually; whichever method you choose. 

The interview will last about one hour. 

 

Risks  

You do not have to answer any question or take part in the discussion if you do not wish to do so. 

You do not have to give any reason for not responding to any question.  

 

Benefits  

While there is no direct financial benefit to you, your participation is likely to help us provide 

data which will inform the state department and other schools of the impact science, technology, 

engineering, and mathematics initiatives can have on middle school students. 

 

Reimbursements  

There is no direct benefit to each participant. 

 

Confidentiality  

I will not share information about you or anything you say to anyone outside of the research 

team. The information I collect were kept in a locked safe. Any information about you will have 

a number on it instead of your name. Only I will know what your number is, and I will secure the 

information. 

 

Sharing the Results  

Each participant will receive a summary of the research findings. I hope to publish the results so 

other interested people may learn from the research. 

 

Right to Refuse or Withdraw  

Reconfirm participation is voluntary and includes the right to withdraw at any time. 

 

Who to Contact  

If you have any questions, you can ask them now or later. If you wish to ask questions later, you 
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may contact, cell or email queenbee041770@yahoo.com or marsha_neal@charleston.k12.sc.us. 

This research plan has been reviewed and approved by the Institutional Review Board of 

American College of Education. This is a committee whose role is to make sure research 

participants are protected from harm. If you wish to ask questions of this group, email 

IRB@ace.edu and/or you may contact my Dissertation Chairperson, his contact information is 

229-288-8485 or his email is Anthony.Bretti@ace.edu. 

 

Certificate of Consent  

By signing this form, you agree you understand the nature of the study, the possible risks to you 

as a participant, and how your identity were kept confidential. When you sign this form, it means 

you are 18 years old or older and you give permission to volunteer as a participant in the study 

described here. 

 

I have read the information about this study, or it has been read to me. I have had the 

opportunity to ask questions about the study, and any questions have been answered to my 

satisfaction. I consent voluntarily to be a participant in this study. 

 

A copy of this informed consent letter was given to the participant. 

 

Print or Type Name of Participant: ____________________________  

 

Signature of Participant: ____________________________  

 

Date: ______________ 
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Appendix K 

Communication Emails with School A Contact Person 
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Appendix L 

Communication Emails with School B Contact Person 

 

 

 

 



EDUCATOR PERCEPTIONS OF STEM EDUCATION 154 

 

Appendix M 

Communication Emails with School C Contact Person 
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Appendix N 

Demographic Questionnaire 

1. What is your first name? 

2. What is your last name? 

3. What school are you employed at? 

4. How long have you been in education? 

5. How long have you been at your current school? 

6. What is your role at your school? 
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Appendix O 

T-STEM Survey Permission for Questionnaire Questions 
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Appendix P 

Field-Testing of Subject-Matter Experts 
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Appendix Q 

T-STEM Survey Summary 

Item 5 in the Personal Teaching Efficacy and Beliefs construct, “I wonder if I have the skills 

necessary to teach [STEM subject],” is negatively worded. All other items are positively worded. 

From Teacher Efficacy and Beliefs Toward STEM Survey, by Friday Institute for Educational 

Innovation, 2012. Copyright 2020 by North Carolina State University. Reprinted with 

permission. 
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Appendix R 

Permission to Use Interview Questions 
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Appendix S 

T-STEM Survey Reliability 

 

 

 

 

 

 

From Teacher Efficacy and Beliefs Toward STEM Survey, by Friday Institute for Educational 

Innovation, 2012. Copyright 2020 by North Carolina State University. Reprinted with 

permission. 
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Appendix T 

Museum of Science and Industry Validation of Study 

 

From Chicago-area K-8 teacher and administration perceptions of STEM education, by Science 

Leadership Initiative, 2015. Copyright 2020 by Museum of Science + Industry Chicago. 

Reprinted with permission. 

 

 

 

 

 

 

 

 

 


