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ABSTRACT 

It is becoming increasingly necessary that students need to master skills and knowledge 

in the areas of science, technology, engineering, and mathematics (STEM) to meet the demands 

of future occupations including critical thinking and problem solving. Underutilized in research 

is how teachers feel about the teaching strategies, leadership decisions, or the school culture as it 

relates to STEM education. This study examines how school leaders can help improve STEM 

education through improved teaching strategies and considers how the developed school culture 

impacts the relationship between school leadership and pedagogy.  

A pilot survey based on eighty texts included 70 items containing questions related to 

three variables of classroom pedagogy, school leadership, and school culture. A final instrument 

of 55 questions was delivered to a stratified random sample of 61 public high schools across 

Alabama including 250 teachers across all subjects with a response rate of 42%. Regression 

analysis with mediated moderation of teacher perceptions in SPSS was conducted on the data 

using the PROCESS macro model. This included 61 paths using a combination of the major 

variable constructs and subconstructs with over 1,200 models analyzed. 

Even with a limited data set, this research suggests the notion that school leaders do not 

directly impact STEM student outcomes. Both the mediated and moderated pathway show that as 

teacher belief in school leadership (b=.55, p=.00) or school culture (b=.35, p=.00) improves 

classroom pedagogy improves as related to STEM. However, neither the mediated pathway nor  
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moderated pathway ultimately resulted in a significant impact on STEM learning. A comparison 

of demographic groupings does indicate that teachers believe STEM education can be improved 

by increasing individual consideration and efficacy in the classroom through sense making, 

ownership, and flexibility by developing individual experiences. School leaders should consider 

characteristics of transformational leadership by offering individual teacher consideration with a 

school culture that offers feedback, data analysis and reflection. Ultimately, this study does 

provide an initial survey model that can be utilized to help evaluate the relationships between 

school leadership and STEM education and continued development of the model would provide 

an instrument for STEM research that does not exist. 
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CHAPTER 1: INTRODUCTION 

One problem that currently exists in education in the United States is a limited 

availability to prepare students to possess the cognitive requirements and necessary skills for a 

career in science, engineering, technology, and math (STEM) (Cheryan, Ziegler, Montoya, & 

Jiang, 2017; Le, Robbins, & Westrick, 2014; Maltese & Tai, 2011; Simon, Aulls, Dedic, 

Hubbard, & Hall, 2015). STEM education is defined by Tsupros, Kohler, and Hallinen as “an 

interdisciplinary approach to learning where rigorous academic concepts are coupled with real-

world lessons as students apply science, technology, engineering, and mathematics in contexts 

that make connections between school, community, work, and the global enterprise enabling the 

development of STEM literacy and with it the ability to compete in the new economy” (2009).  

Zollman points out that “STEM literacy should not be viewed as a content area but as a shifting, 

deictic means (composed of skills, abilities, factual knowledge, procedures, concepts, and 

metacognitive capacities) to gain further learning” (2012, p. 12). 

According to most studies as cited by the National Science and Technology Council 

(2013), STEM based achievement scores in the United States are in the middle of most major 

countries in regards to science and mathematics learning scores are largely based on summative 

assessments including the Trends in International Mathematics and Science Study (TIMMS) and 

the Program for International Student Assessment (PISA). This could be an indicator that 

students may not have adequate prerequisite knowledge or process skills necessary to be 

successful in STEM careers. The careers can range from computer sciences to engineering, 
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architecture, and life sciences. Current research by the National Science Foundation indicates 

that the number of U.S. students earning a STEM degree at the undergraduate level is decreasing 

(2010). Other STEM related studies show that only 23% of the students enter a STEM major, 

and of those 23%, only 37% complete the STEM degree program (Chen, 2009). Also, Honken 

and Ralston found in 2013 that engineering schools typically have approximately 23% of 

students that leave the major in the first year.  

It is critical for high, middle, and elementary schools to begin to introduce and prepare 

students for these careers so that they are equipped with the tools necessary to be successful. In 

fact, students that become interested in STEM during middle school are three times more likely 

to earn a STEM degree (Maltese & Tai, 2011). The lack of preparation for STEM post-secondary 

opportunities has largely been attributed to a lack of experiences and connections across content 

areas (Eberbach & Crowley, 2009; Schroeder, Scott, Tolson, Huang, & Lee, 2007). Learning and 

knowledge, specifically in science, technology, engineering, and mathematics, are built on the 

types of experiences that a person has developed and analyzed throughout life; however, that 

knowledge must translate into the ability to critically think and solve problems.  

“STEM literacy now is more than the four separately defined literacy strands (“silos”) of 

science” (Zollman, 2012, p. 13), so science, technology, engineering, and mathematics must be 

combined for successful STEM preparation. Experiences during the formation of learning in the 

life of a student triggers the creation of knowledge, but these experiences are connected in 

literature to learning theories such as constructivism, transformative learning, and self-directed 

learning (Merriam & Bierema, 2014). This means that STEM education must utilize a variety of 

instruction methods to create STEM success. STEM success in education can be defined as 

instruction that improves student interest in STEM fields, skills necessary to persist in STEM 
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post-secondary opportunities, and achievement of the STEM college readiness benchmark on the 

ACT. It is critical that as new events, content, or experiences occur, students are challenged to 

create new STEM understanding, learn necessary skills, and apply the base knowledge and skills 

to various STEM concepts. 

It is important to note that the integration, implementation, and persistence of STEM 

education in a school can be impacted by the relationship between school leadership and teacher 

instruction. Both the leadership style and development of culture by the leader play an integral role 

in the effectiveness of the instruction in a classroom (LaForce, et. al., 2016; Leithwood, Patten, & 

Jantzi, 2010; Hoy & Tarter, 2008; Northouse, 2007; Peters-Burton, Lynch, Behrend, & Means, 

2014). It is critical for school leaders to understand that each teacher is unique (Wang et al., 2011). 

Teachers as individuals have varying levels of practical knowledge, prior knowledge, and 

pedagogical content knowledge which translates into the notion that STEM instructional strategies 

will not look identical in a classroom. Some teachers will have strong STEM instruction while others 

will have weak STEM instruction and revert to traditional approaches such as lecture.  

Leaders in a school can have a direct and positive relationship to improved STEM 

pedagogical approaches used by teachers. The rational path suggests that the relationship is based on 

variables that impact school staff knowledge which includes curriculum, teaching, and learning 

(Leithwood, Patton & Jantzi, 2010, p. 675). Peters-Burton, Lynch, Behrend, and Means (2014) take 

this outcome a step further by indicating a successful relationship in terms of STEM pedagogy 

involves when school leaders focus on teacher professional development of having content 

knowledge, practical classroom experience, and connections outside of the school. 
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Pedagogical approaches in STEM education can only be developed over time through 

reflection on data, working in teacher teams for analysis, having mentor teachers with experience, 

and experimentation in mechanisms to improve these pedagogical strategies (Arrendodno & 

Rucinski, 1998; Fullan, Hill, & Crevola, 2006; Lam, Wing-yi, & Choy, 2010; Merriam & Bierema, 

2014). An active approach allows the leadership to create teacher leaders that showcase unique 

characteristics of STEM education in the classroom and serve as mentors to help other teachers with 

implementation. That would include a combination of cognitive coaching and peer coaching through 

mentoring in which reflective, positive, and supportive feedback is modeled to teachers based on 

STEM classroom experiences (Arredondo & Rucinski, 1998). STEM leadership also requires 

soliciting feedback from each individual student to create improvements, emphasizing the value of 

STEM education, collaborating with other staff members through dialogue, having common 

planning times, being flexible and open to change, participating in decisions impacting the 

classroom, and having autonomy to adjust the class lessons based on classroom outcomes (LaForce, 

et. al., 2016). 

School culture focused on STEM pedagogy improvements can be developed to help integrate 

STEM education through a shared vision, collaboration, trust, reflection, disseminating curriculum, 

and data analysis (Borrego, & Henderson, 2014; Lomos, Hoffman, & Bosker, 2011; Spillane, 2015). 

According to Hitt and Tucker (2016) there are five domains that influence a STEM school culture 

and include establishing and conveying the vision, facilitating a high-quality learning experience for 

students, building professional capacity, creating a supportive organization for learning, and 

connecting with external partners. Thus, variables that are controlled by a leader and affect teacher 

behavior in a STEM culture are building collaborative structures, holding high performance 

expectations, developing shared vision/goals, and providing individualized support. The practices of 
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leadership impact teacher behavior by modeling behavior, providing individualized support, and 

contingent rewards (Leithwood & Sun, 2012).  

Incorporating STEM education into a classroom and school requires the knowledge that 

pedagogy encompasses more than the simple act of teaching (LaForce, et. al., 2016; Peters-

Burton, Lynch, Behrend, & Means, 2014). When considering the pedagogical approach that is 

effective for any classroom, STEM included, a teacher must consider a diverse variety of 

variables including manners in which students learn, instructional approaches, classroom 

activities, forms of assessment, and levels of involvement by the teacher and student (LaForce, 

et. al., 2016; Llewellyn, 2002; Merriam & Bierema, 2014; Peters-Burton, Lynch, Behrend, & 

Means, 2014). From a pedagogical standpoint, a high school infusing STEM curriculum must 

determine the most effective teaching strategies. Yet, research evidence in this regard is limited. 

Even more scarce is the research evidence on how school leaders improve STEM learning by 

developing teachers’ STEM pedagogy or how a school culture impacts that pedagogy.  

Purpose of the Study 

 

The purpose of this study is to: 1. Analyze pedagogical approaches that contribute to 

improved student outcomes in the areas of science, technology, engineering, and mathematics, 

and 2. Examine how school leadership can successfully support positive STEM pedagogy. 
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Research Questions 

 

The following questions are addressed in this research study. All questions were 

considered in the context of United States public high schools, specifically the state of Alabama 

high schools.  

1. To what extent can STEM pedagogy be measured using teacher-rated surveys developed 

by this study based on the review of research evidence and pilot study? 

2. To what extent can STEM culture be measured using teacher-rated surveys developed by 

this study based on the review of research evidence and pilot study? 

3. To what extent can school leadership for STEM student leaning be measured using 

teacher-rated surveys developed by this study based on the review of research evidence 

and pilot study? 

4. To what extent does school leadership impact STEM student learning directly? 

5. To what extent does school leadership impact STEM student learning indirectly as 

mediated by STEM teacher pedagogical approaches? 

6. To what extent does school leadership impact STEM student learning as moderated by 

school culture? 

7. To what extent do school leaders improve STEM student learning through improving 

teachers’ STEM pedagogy as moderated by school STEM culture? 

Significance of Study 

 

While traditional approaches to education have historically evolved from behavioristic 

philosophies, successful STEM education programs employ a student-centered approach rooted 

in constructivist pedagogy that allows students to build skills such as purpose, problem-solving, 

and collaboration (Han, Capraro, & Capraro, 2014; Llewellyn, 2002; Merriam & Bierema, 
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2014). That shift in pedagogy is supported in schools where leaders transform the mindsets of 

teachers by changing the vision to focus on STEM, involving teachers in decisions, and 

empowering the teachers to challenge traditional classroom approaches (Fulton & Britton, 2001; 

Jones, et al., 2016; Pryor, Pryor, & Kang, 2016). Thus, the principal goal for this particular study 

is two-pronged. First, the data provide insight into a variety of pedagogical approaches that are 

effective in developing the knowledge and skills necessary to be successful in STEM classrooms.  

Second, it reveals mechanisms by which school leaders can develop a school-wide culture that 

supports STEM education.   

A theoretical framework of multiple pedagogical approaches that support STEM 

education in the classroom, such as transformational theory, self-determination theory, and flow 

theory, among others, as well as specific initiatives that can be utilized to help school 

administration ensure the success of STEM in a school are discussed. The reason for a variety of 

theories and initiatives is largely due to lack of research on how a variety of pedagogical 

approaches impact STEM student outcomes as well as how specific leadership actions can 

improve these outcomes. Thus, this study provides benefit to all educational practitioners by 

providing pedagogical approaches for a classroom to potentially be effective in STEM education 

at supporting knowledge and skills necessary for post-secondary opportunities. School leaders 

will also benefit from the study by understanding strategies and mechanisms for creating and 

growing the STEM culture to ultimately create success in STEM student outcomes. 

Gaps in STEM Literature 

While there is a multitude of literature that exists on STEM education, most of the studies 

on STEM education have been conducted in small samples of elementary, middle, and high 

schools. There is limited research that addresses multiple instructional strategies or leadership 
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culture for STEM implementation in an entire high school or a traditional public high school. 

The only studies that are similar to this idea were completed on high schools that are considered 

STEM schools (Tofel-Grehl & Callahan, 2016), or studies only consider a singular pedagogical 

approach within a population. These research studies rarely account for a traditional public 

school with different levels of learners, various socioeconomic statuses, and interest in STEM as 

a career. These small sample studies are typically qualitative or already have the bias of 

relatively high internal motivation since the students attend a STEM school (Bruce-Davis, et. al., 

2014; Duke, Halvorsen, Strachan, 2016; Ernest & Monroe, 2004; Mayo, 2009; Nordin, 

Samsudin, Harun, 2017; Tofel-Grehl & Callahan, 2014).  

While there is limited qualitative research into STEM education, quantitative evidence of 

successful STEM education is still in its infancy and still beginning to emerge. There are few 

measures that connect the implementation of STEM education to school leadership or that can be 

used to identify effective STEM pedagogical approaches across all content area disciplines, also 

known as horizontal curriculum (Hallanger & Bridges, 2017). Studies traditionally focus on the 

connection between STEM and singular pedagogical approaches (Beers, 2005; Duke, Halvorsen, 

& Strachan, 2016; Eberbach & Crowley, 2009; Lord, 1999; Marx, et. al., 2004; McManus, Dunn, 

& Denig, 2003; Nordin, Samsudin, & Harun, 2017; Nowak, 2007; Psycharis, 2016; Veerkam, 

Kamps & Cooper, 2007). Quantitative analysis could provide a mathematical comparison of 

optimal strategies depending on level of learners or culture of the school, and this would allow 

for a connection between leadership strategies and STEM pedagogy. 

Study Contribution to Literature 

When considering the connection between school leader actions and the implementation 

of STEM education that prepares students for post-secondary opportunities, there is not a clear 
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instrument. A major contribution of this study is the development of an instrument that measures 

three individual constructs. This includes how school leadership, classroom pedagogy, and 

school culture impact the outcomes of STEM education, and a unique factor of this instrument is 

that it measures teacher opinions of the variables and their interactions. However, using a unique 

statistical approach, the interaction of these three variables will provide unique insight into the 

development of successful STEM outcomes. The interaction is critical as these three specific 

variables have not been connected in previous research when dealing specifically with STEM 

education.  

Based on the outcomes of teacher beliefs, this study seeks to provide a quantitative 

analysis of multiple pedagogical approaches that can be utilized for effective classroom 

instruction and preparation for STEM. The pedagogical approaches will also allow for a 

horizontal involvement of strategies that teachers in all content areas can use in the application of 

STEM. This will help to build both the knowledge and skills necessary for students to be 

globally competitive in STEM post-secondary opportunities. Additionally, the study will identify 

combinations of pedagogy, actions, and culture characteristics at the school level that will 

increase effectiveness of STEM instruction. School leaders will be able to use the information 

for specific strategies that can be used to improve STEM education in individual schools.  

Implications for Educational Practice 

The intent of this study is to benefit both schools and society. The three measures 

identified in this study will help to assess the status of leadership, instruction, and culture for 

STEM learning in schools. Understanding how school leadership influences pedagogical 

approaches allows for the improvement of education. By improving STEM education students 

will have the skills, knowledge, and interest to persist in post-secondary STEM opportunities that 
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are clearly in need throughout the United States. Thus, the intent of this study is to increase the 

understanding of STEM education among teachers and school leaders to help in the development 

of effective STEM pedagogy and school culture that supports STEM learning. This will allow 

for characteristics of STEM education to be infused into all classrooms regardless of content 

area. It will also provide an understanding of how school leaders can provide support 

mechanisms specific to STEM as well as help guide policy and leadership efforts to improve the 

status of STEM conditions in schools. 

In the long-term this study provides society with the production of a future workforce that 

has knowledge in all fields related to science, technology, engineering, and mathematics. 

However, it will also allow teachers to create skills necessary to be successful at life such as 

critical thinking, problem-solving, collaboration, and logic reasoning. Students will understand 

how to observe for details, take risks without fear of failure, and reflect for improvements by 

placing any problem through the scientific process. That should help students become college 

ready and have the skillset to be successful in current careers as well as adaptable to emerging 

jobs in society. 

Limitations 

 Limitations for this study include the following: 1) Respondents of the survey were 

constructed using a stratified random sample of Alabama teachers in grades 9-12, and while 

efforts were made, the sample is not a complete representation of the population. Thus, the 

results cannot be generalized to populations that are very different from the current sample, and 

researchers and practitioners should consider the characteristics of the current sample before 

making generalizations; 2) Only teachers in grades 9 through 12 were used in the study 
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population; 3) While teachers are considered experts with pedagogical content knowledge, there 

were varying levels of ability, skill, and understanding of STEM education within the sample. 

Positionality Statement 

It is significant to point out that a post-positivist epistemology or worldview is applied to 

conduct this research. This is “the basic set of beliefs that guide action” (Guba, 1990, p. 17). A 

post-positivist lens indicates that the research is designed around an observation or interaction to 

be understood through the scientific method. Creswell states that “an individual begins with a 

theory, collects data that either supports or refutes the theory, and then makes necessary revisions 

before additional tests are made” (2009, p. 7). That would mean the research methodology is 

designed to collect data through inquiry methods that determine factual knowledge about a 

phenomenon. 

From that lens this quantitative study considers teacher perceptions of STEM education 

as connected to school leadership, classroom pedagogy, and school culture. As a principal of a 

public high school in the state of Alabama, there is potential connections between the 

respondents and researcher which could lead to bias. All schools included in the study were 

chosen through a random generator, and the schools were offered the opportunity to participate 

or not participate in the study. This includes high schools in the school district in which I am 

employed as a principal but does not include the school in which I work. A measure to 

strengthen the study and lessen this biased influence over these teacher connections should be 

resolved through anonymity of the survey.  

Organization of the Study 

 This study is designed to investigate effective school leadership as it is related to STEM 

pedagogical approaches and school culture. The research is presented through five chapters. 
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Chapter one is an introduction to the study, and it includes purpose, rationale and justification, 

research questions, theoretical framework, assumptions, and limitations. Chapter two provides a 

review of the relevant literature as it relates to STEM education, effective STEM pedagogy, 

school leadership and STEM education, STEM school culture, and STEM student outcomes. 

Chapter three explains the methodology of using surveys to collect data and path analysis with a 

mediator and moderator variable for analysis. The fourth chapter provides an explanation of the 

development of the pilot survey and interpretation of results. Finally, Chapter five discusses the 

implications of the findings as it relates to schools and STEM education.   
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CHAPTER 2: REVIEW OF THE LITERATURE 

Literature Review 

Introduction   

Student progression in knowledge and processing skills are the driving force for 

innovation in society and are necessary to compete in a global market for jobs in science, 

technology, engineering, and mathematics. It is critical for teachers to provide optimal 

opportunities for students; however, just as crucial school leaders must create a structure and 

culture that helps teachers to improve pedagogical approaches towards STEM. One avenue for 

increasing student learning is for an administrator to create an environment where teachers value 

professional growth because these teachers will put maximum effort into developing students 

and effective STEM classroom instruction.  

A review of the literature on effective STEM pedagogical approaches and school 

leadership methods to support STEM cultures provides a launching point for school 

administrators and teachers to address the knowledge and skills gap required for STEM post-

secondary success. It is not the purpose of this particular to study to identify a singular approach 

as the best pedagogical strategy, but instead, it is the intent to identify a diverse set of tools that 

are effective in STEM education. Effective STEM approaches in the classroom can be defined as 

instruction that improves student interest in STEM fields, skills necessary to persist in STEM 

post-secondary opportunities, and achievement of the STEM college readiness benchmark on the 

ACT. Additionally, the study will provide evidence that teachers and administrators can use to 

support and experiment in building a STEM mindset in schools. A STEM mindset is one in 
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which students utilize creativity and innovation to solve problems using skills such as problem-

solving, critical thinking, collaboration, and self-directed learning. This will enhance a school 

leader’s ability to meet the individual needs of both teachers and students while promoting 

STEM education in the classroom. 

In this review of the literature, an overview of STEM education and STEM pedagogy 

provide research-based approaches of how STEM education has generally been developed. This 

will be followed by specific features and instructional strategies that have been proven effective 

in STEM education. Additionally, leadership support mechanisms for STEM education will be 

discussed. Finally, research related to the theoretical framework of this study will be presented 

through both the indirect and direct paths of school leadership and STEM student learning as 

well as evidence-based research on the mediator of STEM pedagogy and moderator of school 

culture.  

STEM Education   

While research related to science and mathematics instructional approaches spans many 

decades, research specifically on STEM education is a more recent topic. However, literature 

indicates that STEM education has a humanistic direction in which the student controls learning 

as opposed to how the lesson is taught (Merriam & Bierema, 2014). Classrooms approach 

learning from a student-centered perspective in which the teacher is a facilitator of knowledge, 

and students can build on prior schemata and make connections to previous learning (Driscoll, 

2005). Hallmarks of STEM education include experiential learning that include components such 

as active learning, hands-on approach, and inquiry-based activities in which students are allowed 

opportunities to learn through failure. Students have opportunities to create authentic experiences 

that tailor learning to individual lives with specific skills such as critical thinking and problem-
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solving developed. These are accomplished through use of the science and engineering design 

process, observations, reflection, collaboration with peers, and open-ended problems that have 

multiple solutions, but for success in STEM, these constructs must develop self-efficacy in 

students (Le, Robbins, & Westrick, 2014). STEM education allows schools and students to apply 

knowledge, skills, and lessons learned horizontally across various other curriculums found in the 

school. 

STEM education has traditionally been infused into the curriculums of mathematics, 

science, and various career technical classes. School leaders must provide support mechanisms to 

ensure the achievement of STEM education throughout the school in which success is the 

development of skills and knowledge, interest in STEM fields, and achievement of the ACT 

college readiness benchmark. Because teachers are expected to shift from a controlling 

instructional stance to a facilitation approach, school leaders must find ways to meet the 

individual needs of the teacher. This could take the form of interaction with others, reflection in 

and on classroom actions, encountering difficulties, using multimedia, planning, handling 

equipment, classroom management, and improving emotional states (Kyndt, Gijbels, Grosemans, 

& Donche, 2016). 

STEM Pedagogy  

Learning and knowledge are built on the types of experiences that a person has developed 

and analyzed throughout life; however, that knowledge must translate into the ability to critically 

think and solve problems. Experiences during the formation of learning throughout the life of a 

student triggers the creation of knowledge, but these experiences are connected in literature to 

learning theories such as constructivism, transformative learning, and self-directed learning. As 
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new learning events, content, or experiences occur, the person can be challenged to create new 

understanding at a higher level or apply the base knowledge to new content.  

Experiences as applied in learning are critical because a student, “accumulates a growing 

reservoir of experience which is a rich resource for learning” (Merriam & Bierema, 2014, p. 

106). Learning in STEM pedagogy is largely obtained through the experiences a person has 

developed through life and the ability to understand, manipulate, reflect, and apply that 

experience in order to create new learning, and this requires the development and use of critical-

thinking and problem-solving skills (Han, Capraro, & Capraro, 2014). Students traditionally 

experience heavy magnitudes of learning in the classroom, so teachers must control classroom 

learning by understanding how students learn. This requires a classroom environment in which 

the teacher controls the behavior through transactional analysis theory, knowledge through 

constructivism, and engagement through flow theory to help students capitalize on individual 

abilities and motivate to higher order thinking (Shernoff, et al., 2016).  

Behaviorism Perspective. This view of STEM pedagogy requires a shift from a 

behavioristic mindset to other approaches of learning. Behaviorism is an orientation in education 

in which a student gains knowledge and skills through observable changes, and the behavioral 

approach to learning has led to the major instructional strategy of direct instruction or lecture. 

There are six key principles to teaching in a classroom with a behaviorist approach, and these six 

ideas are: review and check the previous day’s work, present new material, provide guided 

practice, give feedback and correctives, provide independent practice, and review weekly (Hoy 

& Miskel, 2013). This is considered a teacher-centered approach in which the teacher controls 

the knowledge and learning. Thus, “observable behavior, not internal mental processes or 
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emotional feelings, determines whether learning has occurred” (Merriam & Bierema, 2014, p. 

26).  

Constructivist Perspective. Constructivism is a philosophical shift in many 

classrooms towards STEM pedagogy in which the approach to learning involves the 

development of knowledge based on individual learning from worldly experiences. These 

experiences are unique to each person, and that individualized learning allows the person to 

construct and connect the meaning of events, experiences, and concepts as they occur in real 

time. Constructivism believes that a person gains knowledge through the active processing of the 

world around them. This would be considered a student-centered approach to learning (Merriam 

& Bierema, 2014). Piaget suggests that a leaner’s cognitive capacity increases as a person grows 

older, and the older a person, the higher synthesis capability is available because he or she can 

construct knowledge from a larger bank of experiences (1972). Vygotsky, however, indicates 

that knowledge is socially and culturally connected, and through reflection about the 

environment around the person, knowledge can be built (1978). 

Through a social and environmental context, a learner can thus construct STEM 

knowledge through a continuous interaction with the world and those in it. Dewey describes an 

experimental learning cycle in which a person has an experience in the world, and the person 

learns from the experience through observation and analysis (1938). With this new experience 

and understanding of the world, a person can re-conceptualize their thoughts and create 

experiments to make sure that this newly constructed knowledge is correct. It is clear that 

learning from a constructivist approach involves the active process of evaluating STEM 

experiences with the world. These experiences have a social, language, and contextual 

component, and constructing knowledge is not an instantaneous event (Hein, 1991). Marzano, 



18 

 

Pickering, and Pollock (2001) provide four characteristics of constructivist teaching that 

improves student achievement: identifying similarities and differences, summarizing, making 

nonlinguistic representations, and generating and testing hypothesis.  

Cognitivism Theory. Another theory of learning that is useful pedagogy when 

developing a STEM culture is cognitivism. This theory focuses on a person’s information-

processing or mental processes in which that person cognitively develops (Merriam & Bierema, 

2014). This can occur both through an individual experience or a social experience, but either 

experience would be based on a student-centered approach to the classroom. Bandura (1977) 

indicates that a person can learn when there is either a mastery experience or vicarious 

experience. Essentially, learning is processed internally through the current cognitive structure to 

understand the information so that a person can provide a learned response or create a new 

response to an issue.   

Effective STEM pedagogy  

A consistent mechanism found in the current educational structure is the material 

presentation by the teachers in a classroom, also known as direct instruction, is a teacher-

centered approach. This behavioristic instructional model suggests that a student should absorb 

any information that the teacher says, and this was the common teaching style in early United 

States education became lecture (Llewellyn, 2002). The lecture has passed through the ages and 

is commonly used in upper level education. A lecture can include demonstration or prescriptive 

laboratory experiences. A common theme in research is to compare a specific instructional 

strategy against a traditional teacher-centered approach such as lecture or drill and practice 

(McManus, Dunn, & Denig, 2003; Lord, 1999; Whicker, Bol, & Nunnery, 1997). In a traditional 

behavioristic classroom, the student is expected to act as a sponge and absorb the knowledge of 
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the teacher. Students in this fashion have been taught to memorize information and concepts in 

order to prepare for standardized testing as opposed to truly learning to apply ideas. While this 

direct instruction approach can reduce the cognitive load, students can have trouble applying the 

knowledge or developing the ability to use the information to solve a complex problem. 

The National Center for Education Statistics (NCES) performs the National Assessment 

of Educational Progress (NAEP) annually in schools around the United States to grades 4, 8, and 

12. The last science scores that are reported by the NAEP Data Explorer for the 12th grade NAEP 

data is from the years 2009 and 2015. The science scores reveal interesting pedagogical 

information regarding STEM education as STEM relies on labs and inquiry activities that 

challenge the student to build on previous knowledge.  First, students that do not complete an 

Advanced Placement (AP) science course scored lower than students that do complete a course 

with scores of 144 and 167 respectively. A more rigorous coursework with labs that emphasize 

critical thinking such as Advance Placement could potentially increase science knowledge  

Second, the data from the NAEP (National Center for Education Statistics, 2019) clearly 

show that utilizing a single instructional tool on a daily basis is not effective in developing 

science learning and is supported in STEM literature (Lord, 1999; Schroeder, & et. al., 2007; 

Tofel-Grehl & Callahan, 2016; Wang, et. al., 2011). In fact, it is evident that when instructional 

strategies are used approximately once a week, students score higher. Of the sixteen strategies 

that were completed in the NAEP explorer, students scored the highest in eight categories when 

experiencing the strategy “about once a week”, and they scored highest in five categories when 

experiencing a strategy “two or three times a week”. Based on the NAEP data (National Center 

for Education Statistics, 2019) A detailed analysis shows that students scored the highest on 

science when they identify questions to be answered by experiment (166) approximately two to 
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three times a week. Students also score high on the science test when they read about science on 

the computer two to three times a week (165), discuss measurements for science projects on a 

weekly basis (164), and discuss results for a science project on a weekly basis (164). 

Additionally, instructional strategies such as finding different ways to solve problems (163), 

graphing or charting project results (163), and working with others to do a science project (163) 

are effective when used weekly or two to three times a week in the science classroom. The scores 

from the NAEP science section based on classroom instruction and frequency of the instruction 

are shown in Table 1. This suggests there might be a correlation between students that complete 

more hands-on and lab-based classes that promote critical thinking, such as physics and 

chemistry, with the students scoring higher on the science section which is indicative of 

increased preparation for STEM. 
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Table 1: A comparison of classroom instructional strategies on NAEP science scores for 12th grade students in the years 2009 and 

2015 

  

Never or 

hardly ever 

Once every 

few weeks 

About once a 

week 
2-3 times a week 

Every day or 

almost every day Average 

  2009 2015 2009 2015 2009 2015 2009 2015 2009 2015 2009 2015 

Discuss measurements for 

science project [K817503] 
149 149 161 162 164 164 158 160 153 160 157 159 

Discuss news events 

related to class [K820401] 
150 153 160 161 159 159 162 157 154 155 157 157 

Discuss results for science 

project [K817504] 
146 147 160 161 164 164 157 159 153 157 156 158 

Find different ways to 

solve a problem [K820403] 
148 NA 152 NA 159 NA 163 NA 163 NA 157 NA 

Graph or chart project 

results [K817506] 
149 147 163 165 163 163 156 156 141 153 154 157 

Identify questions to be 

answered by experiment 

[K817501] 

144 144 156 155 162 164 166 166 163 166 158 159 

Presented to class about 

science [K820404] 
157 157 161 161 153 154 147 147 145 153 153 154 

Read about science on the 

computer [K817302] 
150 NA 160 NA 162 NA 165 NA 159 NA 159 NA 

Read book or magazine 

about science [K820301] 
155 155 161 162 157 159 155 161 143 150 154 157 

Read science textbook 

[K817301] 
145 150 155 155 158 161 161 162 161 163 156 158 

Take science test or quiz 

[K820405] 
121 127 161 163 161 160 152 150 136 144 146 149 

Use computers for science 

[K817201] 
150 146 159 159 163 163 159 163 161 165 158 159 
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Table 1: A comparison of classroom instructional strategies on NAEP science scores for 12th grade students in the years 2009 and 

2015 (Continued) 

Watch science movie, 

video, or DVD [K820302] 
152 151 161 161 157 159 152 157 137 148 152 155 

Watch teacher do science 

experiment [K817505] 
152 154 159 161 162 161 158 156 146 148 155 156 

Work with others on 

science project [K820402] 
139 137 154 156 163 161 161 161 157 161 155 155 

Write long answers for 

science [K819501] 
150 152 160 161 160 159 157 157 149 149 155 156 
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Finally, the NAEP data shows another interesting point that emerged is when students 

have access to more science materials the students score higher and are more prepared for 

STEM. When science classrooms have computerized science labs, science kits, scientific 

measurement interests, science demonstrations, and supplies for science labs, the students with 

access to these variables with a “large extent” always scored higher than other students. As 

expected, students with access of a “moderate extent” scored higher than “small extent”, and 

"small extent” access scored higher than “not at all”. 

Features of STEM Pedagogy in the Classroom. In opposition to a teacher-centered 

approach to learning is when the classroom, such as one that focuses on STEM pedagogy, shifts 

the bulk of the learning on the student (Fairweather, 2008; Furtak, Sdeidel, Iverson, & Briggs, 

2012; Han, Capraro, & Capraro, 2014). Llewellyn (2002) indicates that this is also termed 

student-centered or learner-centered in which the focus is not solely on the teacher as the single 

source of knowledge. Based on research by Llewellyn, interaction and group work is encouraged 

in which students can use individual understanding from previous experiences to create new 

knowledge. This focus allows the teacher to become the facilitator of learning. Differentiation of 

instruction is important as individual students can find different levels of interest, sources of 

knowledge, and levels of comprehension.  

However, STEM literature supports a balance between the teacher as a facilitator and sole 

source of knowledge in the structure of a classroom due to a complex framework to conduct 

observations and learning at a high level (Morrison, McDuffie, & French, 2015; Schwalm & 

Tylek, 2012; Wang, et. al., 2011). Eberbach and Crowley (2009) point out that students conduct 

STEM observations and learning each day, but to create high level and meaningful learning in 

the classroom requires complex knowledge, practice, and schemata to support a proper learning 
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framework. Thus, the authors suggest that students have difficulty connecting relationships and 

ideas across scientific concepts without appropriate levels of teacher guidance.  

Teacher Involvement. STEM literature supports that effective pedagogy requires varying 

involvement of the teacher during the learning process (Caparo, et. al., 2016; Furtak, Sdeidel, 

Iverson, & Briggs, 2012; Kirschner, Sweller, & Clark, 2006; LaForce, et. al., 2016; Lazonder & 

Harmsen, 2016, Smith, Rayfield, & McKim, 2015). This research in fact indicates that activities 

must shift from teacher-centered to student-centered in which the students are actively engaged. 

But, as Kirschner, Sweller, & Clark (2006) point out, if a teacher is not involved with some 

levels of guidance, it is easy for students to get confused and not develop deep knowledge. 

Eberbach and Crowley (2009) suggest that for students to make connections, reason, and 

critically think in science classrooms, it is critical for teachers to support and provide adequate 

preparation while also allowing for students to have a voice and opinion. Literature has in fact 

found that a continuum exists in the involvement of the teacher, but both student-led inquiry and 

teacher-guided inquiry still produced significantly higher results as it is related to student 

learning and achievement when compared to direct instruction (Furtak, Seidel, Iverson, & 

Briggs, 2012).  

While student-led inquiry is still significantly better than traditional instruction in terms 

of STEM learning, the results indicate “the importance of the role of the teacher in actively 

guiding student activities in the context of inquiry learning” (Furtak, Seidel, Iverson, & Briggs, 

2012, p. 322). Minimally guided instruction results in students that are frustrated, confused, and 

lost based on the cognitive load theory, and the worked example effect suggests that load on 

working memory is reduced translating into a reduction in the amount of information stored into 

long-term memory (Kirschner, Sweller, & Clark, 2006). That memory also allows students to 



25 

 

make connections to previous learning stored in memory so that scaffolds cannot be created for 

better understanding (Driscoll, 2005; Eberbach & Crowley, 2009; Simon, et al., 2015).  

Thus, teachers must be involved at some level in order to ensure that the pedagogical 

approach is effective in triggering student learning and motivation. When considering guided 

discovery in the classroom, Lazonder and Harmsen (2016) suggest that are six types of guidance 

support: process constraints, status overviews, prompts, heuristics, scaffolds, and explanations. 

By using questioning strategies and dialogue, a teacher can provide enhanced context, and these 

have been shown to have significant effect sizes on achievement (Schroeder, & et. al., 2007). 

Tofel-Grehl and Callahan (2016) found that higher level learning and scaffolds are forced to be 

developed when teachers use both higher order and cue questions to drive explanations and 

justifications of the discovery during activities. That helps teachers drive the development of 

student thinking skills.  

Teacher guidance in questioning, guided discovery, and dialogue is critical in STEM 

education because they “help students to ask the relevant questions about their inquiry process, 

and although they not provide answers, they help students to apply” (Psycharis, 2016, p. 324) the 

skills and knowledge necessary for success in STEM. However, teachers must have a high level 

of efficacy in STEM. A high level of confidence must exist so that he or she can answer student 

questions or know where to find the answers (Borrengo & Henderson, 2014; Koellner & Jacobs, 

2015; LaForce, et al., 2016). 

When considering that each individual student must be met at their current level during 

challenging and complex lessons in STEM education, teacher behavior is critical to create 

engagement and ultimately motivation. This behavior revolves around the two ideas of teacher 

support and classroom organization. Strati, Schmidt, and Maier (2017) showed that “instrumental 
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support was positively associated with engagement across all levels of perceived challenge” (p. 

131). Instrumental support means that the teacher was able to scaffold student progress. This 

indicates that a teacher must have a positive relationship with the student to help them overcome 

any academic barriers and develop that scaffold. If a student feels as though they can ask 

questions and discuss concepts, they will increase their academic resilience even when 

experiencing obstructions (Strati, Schmidt, & Maier, 2017).  When the teachers ask the students 

“Why” and “How”, the students that were highly engaged through supported relevance will lead 

to motivated students and successful STEM student outcomes for students. 

Student Involvement. Success in STEM pedagogy can largely be attributed to a lack of 

proper knowledge to make connections across all content areas, and the fact that students make 

inferences based on schemata and recall of past events. Hattie suggests that improvements in 

STEM instruction are built around classroom variables that directly impact student learning such 

as being demanding and engaging, having a deep understanding of their teaching and subject, 

adept at improvisation, displaying a problem-solving disposition, and showing a sense of control 

(2009). Thus, for students to make connections, reason, and critically think in STEM classrooms, 

it is critical for teachers to support and provide adequate preparation in the creation of STEM 

knowledge and skills such as using observations. This will allow the students to use individual 

levels of knowledge, ask questions to create deeper understanding, be attentive to the constructs, 

and connect ideas from activities to the real-world contexts. This means that students must 

perceive that the knowledge is useful and connected to their lives, and this constant exposure to 

STEM through field trips, guest speakers, and career discussions will promote the desire to learn 

as students will understand how it can improve life (Aeschlimann, Herzog, & Makarova, 2016). 
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However, it is critical for students to be heavily involved in the activities. According to 

McManus, Dunn, and Denig (2003), the more a student is tactically, kinesthetically, and actively 

involved with material, the better that the student understands the required curriculum. These 

active experiences with concepts can occur through a variety of activities. Although, it is 

important that these activities have real world contexts, objects, and equipment that allow the 

students to connect so that individual understanding is meaningful (Pryor, Pryor, & Kang, 2016).  

Learning by students also increases drastically when the students have a voice and opinions in 

the activity, and the classroom is built on student autonomy (Ryan & Deci, 2009).  

Research by Aeschlimann, Herzog, and Makarova in 2016 showed that a student’s self-

perception in science and math influences motivation to succeed in math and science more than 

academic achievement. In fact, the data from the research show that grades are not as important 

of a positive predictor as intrinsic motivation with effect sizes of 0.21 and 0.54 respectively. A 

school can also improve STEM interest through motivation and improving the intellectual 

capacity of students. As one study suggests, “a student’s feelings of intellectual capacity in high 

school and stability of interest in STEM related areas are strongly and positively associated with 

their persistence and earning an undergraduate degree in STEM” (Almarode, & et. al., 2014, p. 

327). This research indicates that students with higher perceptions of their intellectual capacity as 

juniors and seniors in high school (81% vs 52%) are more likely to hold STEM careers. 

Pedagogical Techniques. When considering pedagogy that is related to STEM education, 

a wide and diverse set of approaches exists in literature. Numerous educational researchers have 

looked to isolate specific instructional strategies for effectiveness in classrooms, and these range 

from kindergarten to post-secondary studies (Beers, 2005; Duke, Halvorsen, & Strachan, 2016; 

Eberbach & Crowley, 2009; Lord, 1999; Marx, et. al., 2004; McManus, Dunn, & Denig, 2003; 
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Nordin, Samsudin, & Harun, 2017; Nowak, 2007; Psycharis, 2016; Veerkam, Kamps & Cooper, 

2007). Analysis of these collections of research provide data for effective approaches to help 

students attack understanding of the large body of STEM knowledge, and these approaches can 

then be populated for commonalities. In fact, literature supports the use of these strategies in 

urban settings (Marx, et. al., 2004), elementary (McManus, Dunn, & Denig, 2003), varying 

subject areas (Duke, Halvorsen, & Strachan, 2016), and in post-secondary employment 

(Kanigolla, Cudney, Corns, 2013). STEM literature supports common pedagogical themes to 

create active student engagement, cognitive scaffolds, and schemata development. 

STEM education literature supports different types of learning, instructional activities, 

and teacher involvement in effective pedagogical approaches. Four specific types of learning 

have been linked to increases in achievement, and these include experiential learning, self-

directed learning, discovery learning, and collaborative learning (Merriam & Bierema, 2014). 

Each of these learning approaches harness an individual experience, comparison to previous 

knowledge, reflection, and discussing the learned information in some capacity. Although, all 

four rely on different mechanisms such as a concrete experience (experiential), self-guided and 

paced (self-directed), guided discovery, or discussion (collaborative). Experiences in the learning 

can include the utilization of experiments, labs, role-play, and field trips with a discussion or 

assessment such as collaboration with peer-tutoring and dialogue (Savery, 2006).  

Additionally, there are specific classroom activities that have shown to be successful in 

STEM. First, inquiry activities allow for hands-on opportunities to apply previously learned 

knowledge in some new capacity. According to Lazonder and Harmsen (2016), it forces students 

to ask questions and then utilize data collection during the activity to answer a focus question. 

Second, the use of computer-assisted techniques allows students to interact with highly complex 
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knowledge through computer simulations, virtual labs, and models (Sosa, Berger, Saw, and 

Mary, 2011; Psycharis, 2016). Computer-aided instruction is particularly effective when 

resources are difficult to gather or require a high-level lab. Third, project-based learning (PBL) is 

an instructional technique in which differentiation is used to allow each individual student to 

create unique projects that force the use of individual skills, acquisition of deeper knowledge, 

and active engagement through real-world problems (Schwalm & Tylek, 2012). By developing 

independent projects, PBL particularly allows for the development of critical thinking and 

problem-solving skills (Han, Capraro, & Capraro, 2014).  

Lazonder and Harmsen (2016) define inquiry as methods “in which students conduct 

experiments, make observations, or collect information in order to infer principles underlying a 

topic or domain” (p. 682), and the students learn content and science processes through hands-on 

investigations of questions or problems.  For effective use in the STEM classroom, inquiry 

requires careful consideration of the levels of both the cognitive and social activities in the lesson 

as well as the guidance levels from teachers, peers, or outside resources (Furtak, Seidel, Iverson, 

& Briggs, 2012). Additionally, inquiry-based instruction is easily infused into a variety of other 

instructional strategies such as virtual labs, experiments, and projects. 

Inquiry uses the experiential learning cycle which is a theory that was proposed by Kolb 

(1984). This approach suggests that there are four steps to learning, and these are particularly 

effective in STEM. The four steps are the student must have a concrete experience during an 

activity, create reflective observations, form abstract concepts, and then test the learning in a new 

situation. Each student will formulate, process, perceive, and respond to information differently 

since each student has individual styles of learning and intelligences (Kolb, 1984; Gardner, 

1998). Thus, inquiry and experiential learning revolves around first-hand experiences of students 
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and include activities such as field trips, field research, role-playing, authentic experiments, and 

service-learning projects. 

Another pedagogical technique that is particularly embedded in STEM is collaboration. 

When students work in groups during the class, it is commonly known as collaborative learning. 

Collaborative teaching can take many forms ranging from grouping of students based on ability 

level or simply a heterogeneous mixture (Savery, 2006). Most research into collaborative 

teaching compares the style with a traditional and lecture-based classroom. Lord (1999) suggests 

that students that work in group setting typically develop a better understanding of material then 

a traditional class. According to Savery (2006), collaboration among groups also includes 

cooperative learning such as peer tutoring or jigsaw.  

Self-directed learning (SDL) is an approach in which “the learner takes control of his or 

her own learning: that is, the learner decides what and how to learn” (Merriam & Bierema, 2014, 

p. 62). In fact, Clardy (2000) would suggest that there are four types including induced, 

synergistic, voluntary, and scanning. During SDL lessons related to STEM, the learner will plan 

and control the learning as well as how it is applied. SDL is also important because, as Merriam 

and Bierema (2014) suggest, it will allow instructors in STEM classrooms to differentiate and 

customize the learning to individual students. Although commonly used with online and virtual 

curriculums, SDL could also be included in hands-on classroom activities. 

As technology continues to develop, computational approaches can be utilized to help 

students experience ideas, knowledge, and careers that are either too expensive or not in that 

exact region. A meta-analysis by Sosa, Berger, Saw, and Mary (2011) indicates that computer-

based instruction is important in science and math education because it creates additional 

practice and activities, effective feedback, and higher levels of active engagement. Computer-
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assisted instruction (CAI) could include models and simulations using various software and 

online learning platforms (Psycharis, 2016).  

A major instructional technique that has been linked to improvement in STEM as a 

means of constructivism is project-based learning. PBL as defined by Schwalm and Tylek (2012) 

is an educational tool in which students solve open-ended activities, and as is true with other 

techniques, the focus is student centered. But, one of the key tenets in relation to pedagogy is the 

variety of instructional strategies that are included in PBL. Schwalm and Tylek indicate that PBL 

in the classroom centers on student engagement through active learning, but specific strategies 

include authentic activities, student reflection, collaboration with other students, use of problem-

solving and critical thinking, inquiry, student choice (2012). It is critical that each activity has a 

challenging problem that builds on previously constructed knowledge in the classroom for 

students to use a scaffold, but the problem should also allow students to create unique solutions 

that can be reassessed if the solution fails. 

Student Motivation. Overall, STEM in the classroom must center on activities that 

connect to the lives of students through authentic and real-world measures. Motivation levels of 

students in the STEM classroom will increase as the students are able to relate their personal life 

to the concept (Ryan & Deci, 2009; Saeed & Zyngier, 2012; Strati, Schmidt, & Maier, 2017). 

This will promote critical thinking and problem-solving skills that will improve the intellectual 

capacity of all student learners, but concepts must be connected in all content areas in a school 

(Due, Halvorsen & Strachan, 2016; Fairweather, 2008).  Social interaction and collaboration will 

help trigger motivation during inquiry as key components of learning environment (Morrison, 

McDuffie, & French, 2015). Hattie indicates that students will have the highest motivation when 

they “are competent, have sufficient autonomy, set worthwhile goals, get feedback, and are 
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affirmed by others” (2009, p. 48). If these concepts are utilized with STEM in a classroom, it 

will produce a generation of students that are motivated to develop a high self-efficacy and the 

skills necessary to be innovators in the fields of science, mathematics, and technology.  

These strategies are a paradigm shift in the classroom to meet the current needs of 

students. As knowledge level answers are at student fingertips with internet search engines, 

students will not force knowledge into long term memory by rapidly finding answers. This 

means cognitive loads are not developed. Motivation in the forms of student engagement and 

desire to attend class have been shown to improve if the student is able to utilize real-world 

equipment and technology in the application of concepts (Pryor, Pryor, & Kang, 2016; Tofel-

Grehl & Callahan, 2016). This will lead student to become more engaged and actively learn the 

concepts using long-term memory and understanding. Thus, these new motivational techniques 

and strategies will meet the current needs of STEM earners because students will be forced to 

use the information as opposed to memorizing which should increase understanding.  

Leadership for STEM Pedagogy 

While teachers certainly impact the outcome of STEM education in the classroom, the 

leader of a school is a major force in driving the direction of the STEM culture and education in 

the school. This begins with a transformational approach in which teachers are empowered to 

reach for a vision (Borrego & Henderson; 2014; Hitt & Tucker, 2016). A school leader must 

impact STEM outcomes through a democratic approach by setting a vision and enabling teachers 

to change classroom approaches to match the most effective pedagogy for STEM. In addition, 

school leaders can create STEM transformation of teachers by supporting the growth of the 

teachers through observations as well as helping the teachers to accumulate resources. This will 

provide opportunities to collaboratively analyze the STEM data to determine effectiveness of 
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strategies towards improving STEM outcomes (Driel, Beijaard, & Verloop, 2001; Cantrell & 

Kane, 2011; Lochmiller, 2015). That means that school leaders must develop a culture that is 

democratic so that teachers are enabled to make changes, but teachers must have the necessary 

tools to understand the changes that are critical for improving STEM education.  

How School Leaders Enhance Individual Teachers’ STEM Pedagogy. At the school 

level these pedagogical approaches indicate that administrators and teachers must identify factors 

that will improve STEM education. This will not only improve achievement but also engagement 

and self-efficacy. Hattie in Visible Learning used a variety of meta-analysis to show that 

mathematics and science curriculum have a significant impact on student achievement; however, 

it also indicated that professional development was significant in a school because it could 

improve both the quality of teaching and teacher clarity (2009). Thus, a school leader can 

approach STEM classroom improvements through a variety of theoretical approaches and school 

culture that centers on professional development. 

 In the behavioral theory of leadership, there is a shift in focus from the qualities and 

traits of a leader. The departure suggests that how a leader behaves and responds within the 

organization is a greater predictor of success in terms of relationships and production. These 

behaviors are not naturally inherent, but instead, the leader learns through experiences of failures 

or successes, previous attempts, or watching other leaders. This will develop into learned 

successful behaviors that can be utilized within an organization. These patterns of action lead to 

three styles of behaviors in leadership: autocratic, democratic, and Laissez-faire (Hoy & Tarter, 

2008). However, STEM culture should be built on democratic principles that allow for teacher 

input using ideology from transformative and distributed leadership. 
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Distributed leadership is a style in which decisions are shared with a team or group 

(Spillane, 2015). Decisions involve multiple groups and individuals as opposed to a single 

person making a decision. Leithwood and Louis (2011) suggest that this allocation of leadership 

expands the roles and responsibilities of teachers as well as creates buy-in, innovation, initiative, 

and competence. It will also enable teachers at a school to act, critically think, collaborate, and 

work towards a shared vision. In this capacity at a school, teachers are not relied on to make a 

change single-handed, but leadership at the school level will offer the tools and structure in the 

growth of all stakeholders (Spillane, 2015). 

The transformational theory of leadership is a normative approach that suggests that 

leaders should focus on the growth of all members within the organization (Leithwood & Sun, 

2012; Northouse, 2007). As a relationship theory according to Northouse, leaders that utilize a 

transformational model have high ethical and moral standards that are projected to members of 

the organization. This means that the leaders are focused on the performance of the organization, 

but these leaders believe that production will improve if all members reach their potential. That 

requires the members to understand the importance of tasks and increase the inner desire to 

complete quality work. In order to develop this commitment, the followers must first trust the 

leader. According to Leithwood and Louis (2012), this theory requires leaders to have idealized 

influence, inspirational motivation, intellectual stimulation, and individualized consideration.  

Overall, transformational leaders believe in creating improvements through positive 

mechanisms in which all members help others interests and production. To create the positive 

change in an organization, a leader must shift the organization mindset from simply doing a job 

to become a member that contributes to the whole group. An example of a transformational 

leader is not when a principal only yells at poor test scores, but instead creates growth 
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opportunities in which teachers discuss test scores. This professional development discussing 

classroom practices that have been effective and allows the leader to treat people with dignity 

and professionalism. 

Individualized Support. For STEM pedagogy to be effective, long-lasting, and fully 

implemented, the approaches must be supported by the school leadership. Hitt and Tucker (2016) 

show that literature supports five key elements for implementing a curriculum, and these include 

establishing and conveying the vision, facilitating a high-quality learning experience for 

students, building professional capacity, creating a supportive organization for learning, and 

connecting with external partners.  Leithwood and Sun (2012) suggest that improved direction 

setting, creating a shared goal or mission, and improvements through developing people are three 

of the biggest impacts that a leader can have on a school. 

To accomplish these supports, a school leader must include several practices that allow 

for improvement. Professional development (PD) must be designed so that it is engaging (Fore, 

et. al., 2015; Pryor, Pryor, & Kang, 2016). These PD experiences must also allow opportunity for 

a growth mindset to be utilized. That means that teachers must share individual experiences 

(Kyndt, et. al., 2016). Teachers can grow in the use of STEM pedagogical tools if allowed to 

discuss individual use in the classroom, strengths of lessons, and potential issues or weaknesses. 

By sharing experiences, a school leader can utilize both a constructivist and transformational 

approach at the school in which teachers will create experiences that help build momentum and 

efficacy to utilized STEM pedagogy in the classroom. However, as Fulton and Britton (2011) 

indicate, school leaders must create both resources and organizational time at the school to 

support this growth in STEM education. 
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Creating Collaborative Structures. It is critical for school leadership searching to 

improve the school culture to “make things accessible without requiring people to do anything” 

(Fullan, 2013, p. 67). That indicates that a leader that aims to improve the STEM culture must 

carefully choose the leadership framework that will improve STEM pedagogical approaches. 

Fullan suggests that a change initiated by the school leaders to attract or “pull” the teachers to the 

vision of increasing of STEM must be utilized as opposed to teachers that believe they were 

forced or “pushed” into the change. As is discussed by distributed and transformational 

leadership principles, teachers should be involved in the change towards effective STEM 

pedagogical approaches because it would allow for them to “think bigger” as they are involved 

in the change. From this approach, the delegation of authority down to the teacher level allows 

for empowerment. An overall change would be democratic instead of authoritative and provide 

empowerment to the individual teacher to grow in any direction that improves STEM 

classrooms.  

By offering time and resources to the teachers for discussion and professional growth, the 

leaders provide an initial environment of transformation in which individual teachers could grow 

in their instruction. However, it is critical to involve teachers in the STEM decision-making 

processes. By using Hoy and Tarter’s (2008) idea of shared decision making, teachers will feel 

ownership and challenge themselves to help all students learn through differentiation and 

experimentation as they are inside the zone of acceptance when dealing with STEM instruction. 

Since the teachers have classroom expertise and the changes will directly impact the individual 

instruction, involving teachers in collaborations, data analysis, and reflection will trigger self-

regulation and an open organizational climate. Then a continued focus on this embedding of 
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STEM concepts in the curriculum will indicate to teachers, parents, and students that the mission 

of the school is to create successful STEM achievement for all students. 

How School Leaders Enhance STEM Culture in School. As noted in the literature by 

Thornton and Cherrington (2013), trust between all stakeholders is critical in the implementation 

of a new program, idea, or curriculum. This means that the implementation of STEM education 

must have effective two-way dialogue between administrators and teachers. Dialogue will allow 

for open communication that has coherence and clarity in which goals and visions can be 

established and monitored. As the STEM curriculum progresses into the classrooms, the 

communication establishes a constant feedback loop of individual adjustments for teachers and 

students that are based on real time data. Dufour (2004) suggests that these improvements will 

develop into reflection and accountability throughout the organization by monitoring how the 

STEM education is improving the throughout the school. 

Specific methods must be developed and utilized in a school to increase growth, 

accountability, and expectations when implementing STEM. This should revolve around a goal 

developed collectively by the teachers on STEM involvement in the school but based on the 

needs of the students (Louis & Leithwood, 2012). Once a goal is created, teachers should meet 

on a consistent basis to reflect on that goal and best strategies that could create improvements 

(Fulton & Britton, 2011). Collaboration with other professionals will bring unique perspectives 

to each teacher, and the continuous nature of the community will provide incremental insights. 

STEM education will benefit in this implementation because it requires teacher to develop 

experimentation with lessons plans, innovation with activities, and increased student 

involvement.  
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According to Ryan and Deci (2009), the Self-Determination Theory suggests that 

motivational levels of the student can be considered a requirement to engaging teachers in the 

development of pedagogy and a STEM culture. Motivation is described by Saeed and Zyngier as 

“the degree to which a student puts effort into and focus on learning in order to achieve 

successful outcomes” (2012, p. 253). Ryan and Deci in fact promoted the use of the Self-

Determination Theory in education, and they described motivation as a “Means to be moved to 

do something” (2009, p. 54). The learner motivation level is driven by the learning and teaching 

contexts. However, the learner must feel “the basic needs of autonomy, relatedness and 

competency” (Saeed & Zyngier, 2012, p. 253). The authors suggest that as a student or teacher 

learner begins to believe that he or she is in control of the individual learning, intrinsic desire and 

motivation will begin to increase as well as engagement in the lesson and ultimately learning of 

knowledge and skills. As interest level increases, there is a direct and positive relationship with 

teacher motivation, engagement, and effort which will ultimately increase achievement. 

Also, according to Wigfield and Eccles (2000), the expectancy-value theory has a 

significant impact on motivation, and it contends that the expectations that a teacher develops 

towards professional growth, and subjects specifically, will create values and beliefs to dictate 

the subsequent behaviors of that individual in those subjects. The authors suggest that, 

“expectancies and values are assumed to be influenced by task-specific beliefs such as ability 

beliefs, the perceived difficulty of different tasks, and individuals’ goals, self-schema, and 

affective memories” (p. 69). Throughout literature expectancy that is created by the learner is 

directly tied to self-efficacy and ultimately achievement and direct use of the learned concept. 

These developed individual expectations and values will, “influence performance, effort, and 

persistence” (p. 69). Overall, the authors define the expectancy-value theory when dealing with 
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teachers’ growth as how a learner’s expectations and beliefs about abilities toward STEM will 

impact the short and long-term behaviors as well as the continued belief and understanding of 

perceived competence and ability. 

Ultimately, motivation for any learning is the result of individuals attempting to create 

casual explanations for the reason a behavior or event occurred. Hoy and Miskel point out that 

“students, teachers, and administrators will be highly motivated when they know the causes of 

the outcomes and these causes are internal (locus), amenable to change (variable), and under 

their control (controllable)” (2013, p. 151). This is largely based on the Attribution Theory, and 

it is critical for the improvement of STEM education. As teachers struggle to embed STEM 

concepts and skills in the curriculum, they will be more engaged to improve if they believe that it 

is a lack of effort as opposed to ability.  

Features of Effective STEM Culture in Schools. School leaders must support STEM 

classroom development with feedback, data analysis, and reflection (Leithwood & Louis, 2012). 

Or, more importantly, administrators must use these tools after providing teachers the time to 

have mastery or vicarious experiences in using the various STEM pedagogical approaches 

(Bandura, 1977). Knowledge on strengths and weaknesses in a STEM classroom occurs when 

teachers share classroom experiences through interactions and observations of others. Bandura’s 

theories suggest that through administrative support mechanisms, such as feedback and 

behavioral performance opportunities to experiment with STEM pedagogy, a teacher’s self-

efficacy will naturally improve. This will also increase the probability of a sustained change and 

use in the classroom because teacher motivation to use this type of pedagogy will also improve 
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(Borrengo & Henderson, 2014; Lam, Cheng, & Choy, 2010; Morrison, McDuffie, & French, 

2015).  

To accomplish this STEM implementation a school leader can create a culture that 

revolves around several principles. First, leaders must create a shared vision and expectations 

with the teachers (Lomos, Hoffman, & Bosker, 2011; Spillane, 2015). Distributed, shared, and 

transformational leadership appear to be effective mechanisms to help create the vision and goal 

implementation. In order for a school leader to fulfill these STEM expectations, teachers must 

have significant levels of trust in the leadership (Borrego, & Henderson, 2014; Fulton, & Britton, 

2011; Thornton & Cherrington, 2013). Once trust is established, Lam, Cheng, and Choy (2010) 

indicate that teachers will try new pedagogical approaches even if it fails, and these teachers will 

also seek alternatives of effective pedagogy to improve STEM outcomes.  

This will trigger a new level of ownership in the teachers at the school, and autonomy 

will be evident as that teachers have the ability to implement STEM pedagogy in a manner that 

works in a classroom on an individual basis. Ryan and Deci (2009) suggest these are key 

ingredients for any classroom to be effective. However, a critical idea as it relates to STEM 

education is that this autonomy and ownership will allow for unique experiences so that a teacher 

can improve efficacy and belief in individual STEM pedagogical abilities (Fore, Feldhaus, 

Sorge, Agarwal, & Varahramyan, 2015; McGuigan & Hoy, 2006; Wang et al., 2011). 

Second, teachers need time and space during the year to collaborate on the STEM 

implementation. This could take the form of professional development, professional learning 

community (PLC), mentor/peer feedback, or faculty discussions. These collaborations would 

allow for teachers to discuss instructional strategies, reflect on the effectiveness, discuss 

strengths and weaknesses, and refine the use of the strategy (Kyndt, Gijbels, Grosemans, & 
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Donche, 2016). Teachers will be able to construct the pedagogical content knowledge to identify 

the steps to effective STEM pedagogy, barriers, and effective data that needs to be analyzed 

(Borrengo & Henderson, 2014; Fulton & Britton, 2011; LaForce, et. al., 2016; Lochmiller, 

2015). This will trigger a unique level of sense making for teachers in which there is a constant 

cycle of experimentation and reflection of the real-time experiences in the classroom (Allen & 

Penuel, 2015; Fore, et. al., 2015; Gerard, et. al., 2011; Jones, et. al., 2016; McGuigan & Hoy, 

2006; Peters-Burton, Lynch, Behrend, & Means, 2014). 

Theoretical framework   

The theoretical framework revolves around four variables that are found in literature. 

First, there is a direct relationship between a school leader actions and the ultimate result in 

STEM student outcomes. However, this direct path can also be mediated by teacher pedagogical 

strategies utilized in the classroom as well as moderated by school culture. Research does 

provide some links between pedagogical approaches and successful student outcomes, but there 

are not as many research-based links between a school leader, school culture, and STEM 

outcomes. The following framework is built on the connection between these four variables, but 

the key theoretical lens is the use of effective school leadership to both directly and indirectly 

impact STEM outcomes. 

Indirect Impact of School Leadership on Student Learning. According to Hoy and 

Miskel (2013), academic optimism is an important component of the school social system as it 

directly impacts the organizational culture. This indicates that a STEM culture is built on the 

shared norms, values, and tacit expressions that are developed about the school by students, 

parents, and teachers. In fact, research by McGuigan and Hoy (2006) has shown that the 

academic optimism, when considering school culture, indicates that “the link between academic 
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optimism and school achievement is so strong that it overwhelms SES as a predictor of 

achievement” (p. 220). Academic optimism is defined by Hoy as a collective belief that the 

school can effectively teach all students, trust the students and parents to support achievement, 

and the school pursues the mission of academics. This means that academic optimism is critical 

in the development of STEM pedagogical approaches and a STEM culture.  

However, it is important to note that an educational leader has an impact on the academic 

optimism of a school. Based on the formalization and centralization established by a school 

leader, the bureaucracy and professional competence of teachers are either hindered or enabled 

by the school structure. An enabling structure supports the teachers, and thus academic 

optimism, by empowering teachers through a democratic and flexible approach to the school 

structure. This creates high levels of trust, autonomy, creativity, and mindfulness which are 

critical in the development of STEM pedagogy throughout the school. However, when the school 

leader is authoritative or has a rigid school bureaucracy, the defined structure limits teachers, 

does not treat them as professionals, and forces mindless behaviors. 

School leaders can improve all areas of academic optimism and student learning through 

developing an enabling school structure. For example, school leaders can improve instruction 

and academic press by setting high goals for classroom instruction, and then including teachers 

on decisions that impact instruction (Fulton & Britton, 2011). An example of how a school 

leader can improve academic optimism and student learning is buy fostering opportunities for 

mastery experiences (Bandura, 1977). Through collaboration in Costa and Garmston’s (2002) 

cognitive coaching or collaboration with peers to analyze lesson success, weaknesses, and data 

collected, teachers will begin to feel the support to improve STEM instruction. This will 
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ultimately result in improved confidence as well as vicarious experiences that improve school 

efficacy.  

Based on this analysis of the components of academic optimism and examples, it is clear 

that school leaders can indirectly improve STEM pedagogy through academic optimism. One 

critical method to improve the collective school optimism is to develop a professional learning 

community (PLC; Dufour, 2004; Giles & Hargreaves, 2006; Vesico, Ross, & Adams, 2008; 

Stoll, Bolam, McMahon, Wallace, & Thomas, 2006). Vesico, Ross, and Adams (2008) even 

suggest a PLC will allow a leader to understand what is happening in the classroom by 

frequently using the PLC to discuss goals. Ultimately, it also provides a platform of collaboration 

in which teachers can discuss the organizational STEM pedagogical culture as it relates to 

individual beliefs, needs, and goals. 

This means a PLC would be designed so that teachers could present lessons to 

administrators, peers, or faculty, analyze data for strengths and weaknesses, solicit input from 

peers, and listen to successful strategies of other teachers. As teachers reflect and gain 

confidence about discussion of individual STEM lessons, positive attitudes and professional 

growth will begin to emerge because the confidence, resilience, and effort will improve.  

In terms of bureaucracy and school structures, there is only an implied research-based 

connection between structure and STEM pedagogical improvements in a school. Lam, Cheng, 

and Choy (2010) positively linked teacher perceived school structure support to teacher 

motivation. The authors found that future persistence and attitude of a pedagogical approach 

such as PBL is related to structure in that “the more the teachers reported they were motivated, 

the more they were willing to continue with project-based learning in their schools” (p. 493). 

While an enabling school structure built on relationships between school leaders and teachers 
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could improve a singular pedagogical approach such as PBL, there is no definitive research that 

would suggest the overall school structure will improve the implementation of STEM education 

or academic optimism as it relates to STEM in the school. 

Research in the last 15 years suggests that school leaders have an impact on student 

learning through an indirect effect (e.g., Leithwood & Louis, 2012; Leithwood & Sun, 2012). 

However, current literature only allows for research to speculate on the correlation between 

STEM education and school leadership. Specific research that connects a specific style of 

leadership such as transformational, shared decision making, behavioral, situated, or distributed 

is not evident. Thus, there is not a clear research-based link between specific leadership practices 

and STEM education. 

School leadership Impact on Student Learning as Mediated by STEM Pedagogy. 

Teachers can create trusting relationships through mentoring and coaching cycles in which 

reflective, positive, and supportive feedback is provided to teachers based on classroom 

experiences. According to Costa and Garmston (2002), this would include a combination of 

cognitive coaching and peer coaching. Coaching cycles will promote the opportunity for 

collaboration and support between all stakeholders. Through collaboration, feedback, and shared 

leadership, a well-structured professional development will trigger gains in STEM andragogy, 

reflection, data analysis, and motivation at the teacher level. As teachers move through the 

process, individual teachers should increase in will and skill as related to STEM pedagogy if 

properly supported by the leadership. This will trigger growth not only in the high level of 

professional development that consistently occurs in the school building, but if the PD focus is 

on increasing achievement or mentoring, then there will also be improvements in areas such as 
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teacher subject matter knowledge, STEM self-efficacy, and student-teacher relationships. These 

conditions will support learning and growth among the faculty. 

A PLC development will provide an administrator with the opportunity for the teachers 

and school leaders to observe, evaluate, and manipulate STEM strategies at various points 

throughout the school year. Since each adult learner is different, discussions on strategies and 

data analysis will need to be assessed at regular intervals, and this real-time classroom data can 

trigger changes to the STEM pedagogical approaches as developed in the PLC. However, this 

means that the school must have effective two-way dialogue between administrators and teachers 

built on trust (Thornton & Cherrington, 2013).  

Dialogue will allow for open communication that has coherence and clarity in which long 

term STEM goals can be established and monitored. As the PLC progresses the communication 

establishes a constant feedback loop of individual adjustments for teachers and students that are 

based on real time data. Through decision making that includes both the leader and teachers, the 

school can continuously monitor the outcomes of the STEM pedagogy in the classroom, 

empower the teachers to grow in strategies, and open dialogue within the collaborative 

community for improvements, suggestions, or changes that could increase a desired output goal 

of student achievement. 

Research by Capraro (2016) “demonstrates that sustained and systematic high-quality, 

research-based PD on STEM-oriented PBLs and professional learning communities could lead to 

major student learning gains” (p. 192). However, schools must contain professional development 

that is organized around constructivist principles and be maintained for two to three years to 

create sustained STEM student outcomes (Gerard, Varma, Corliss, & Linn, 2011). Driel, 

Beijaard, and Verloop (2001) indicate that a sustained learning community will reform STEM 
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education only when the pedagogical content knowledge is supported, and Lochmiller (2015) 

suggests that the effective STEM PD center on the analysis of data. Regarding STEM 

pedagogical approaches, schools have shown increases in outcomes when the teacher is 

supported by colleagues in the building including a mentor teacher, administrator, or peer teacher 

during face to face professional development meetings (Nadelson, Seifert, Hettinger, & Coats, 

2013). However, Carrino and Gerace (2016) indicate that a STEM effective structure in a school 

allows for teachers to create a STEM identity and improve individual self-efficacy in utilizing 

STEM pedagogy. This PLC must be built on social interaction of STEM pedagogy between the 

teacher in the classroom and administrators in the building, other teachers, and students in the 

classroom in order to ensure effectiveness.  

STEM Pedagogy Improves Student Learning. Research is clear in that STEM pedagogy 

integrated into the classroom is critical for both beginning and experienced teachers as “both 

groups of teachers indicated a need in assistance with instructional strategies, using data to 

identify student needs, and differentiating instruction based upon individual student needs and 

characteristics” (Jones, et. al., 2016, p. 274). Lesson planning is critical in STEM pedagogical 

development because it allows students to have an enriched learning experience and better 

understanding through educational experiences that apply to the real world (Pryor, Pryor, & 

Kang, 2016). In fact, learning STEM pedagogy is a process as “teachers did not merely adopt PD 

content wholesale; they first filtered it through their previous experiences and knowledge before 

deciding to accept” (Fore, et. al., 2015, p. 106). 

Pryor and colleagues (2016) even showed that STEM pedagogy is beneficial when 

integrated into different content areas. Because students control the outcome of learning in an 

effective STEM classroom, pedagogy development must be developed through effective 
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planning of lessons. This requires teachers to use data-informed decisions of how the student 

outcomes relate to the STEM standards, and skills in analyzing data and planning lessons is also 

critical in the development of STEM pedagogy. In connection to this idea, both student and 

teacher motivation should improve as both have an impact on the outcome of STEM learning. 

There are two distinct focuses in the development of STEM pedagogy, and these are 

student and teacher development. According to LaForce and colleagues (2016) STEM pedagogy 

can be developed by focusing on student experiences by using project-based learning, rigorous 

learning, personalization of learning, and career technology and life skills. This includes 

implementing pedagogical techniques such as working with a team, using projects to learn 

outcomes, autonomy in learning, engaging in real-world content, using professional partners, and 

using technology. The authors indicate that these pedagogical approaches can only be developed 

over time through reflection on data, working in teacher teams for analysis, having mentor 

teachers with experience, and experimentation in mechanisms to improve these pedagogical 

strategies. Ultimately, improvement in STEM pedagogical strategies to improve student learning 

can be improved by effective professional development focused on improving STEM outcomes 

in the classroom.  

Peters-Burton, Lynch, Behrend, and Means (2014) take this outcome a step further by 

stating teacher development of STEM pedagogical approaches must be the focus if STEM 

student outcomes are to occur. Critical components include teachers that have content 

knowledge, practical classroom experience, and connections outside of the school. This requires 

soliciting feedback from each individual student to create improvements, emphasizing the value 

of STEM education, collaborating with other staff members through dialogue, having common 

planning times, being flexible and open to change, participating in decisions impacting the 
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classroom, and having autonomy to adjust the class lessons based on classroom outcomes 

(LaForce, et. al., 2016). This idea in terms of STEM pedagogical development through 

collaboration, professional development, and data-informed decisions helps both beginning and 

experienced teachers to build pedagogical approaches through Bandura’s idea of mastery and 

vicarious experiences. 

School Leadership Impacts STEM Pedagogy. STEM pedagogy is optimally created 

through leaders that empower the teachers to control their growth individually. The school 

leadership must provide designed mechanisms for the change. According to Bolman and Deal in 

Reframing Leadership, the leadership must “focus on implementation” (p. 359) and “lead by 

example” (p. 366). A support structure would need to be put into place that analyzed data or 

followed the progress of STEM implementation. Based on the school improvement framework 

by Sun and Leithwood (2015), that notion would be the clearest mechanism for the new leaders 

without a solid foundational trust to influence learning outcomes in STEM. By selecting a 

focused instruction change in the rational path or shared learning and teaching goals with data-

informed instructional collaboration in the organizational path, a leader could have a significant 

impact on the STEM learning outcomes in a school.   

 One of the critical functions of a school leader is to help improve a school culture and 

student learning, and this is accomplished by helping grow teachers. This is particularly true in 

helping with STEM education improvements as Jones and colleagues (2016) found that teachers 

beginning to use STEM need “the most assistance with instructional strategies, using data to 

identify student needs, and differentiating instruction based upon individual student needs and 

characteristics” (p. 274). Thus, school leaders can support teacher growth by helping developing 

teacher efficacy in embedding STEM into the curriculum. This would indicate that school 
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leaders must create a culture of teacher learning in which teachers can utilize current practical 

knowledge to apply to STEM classroom improvements through sense making mechanisms 

(Allen & Penuel, 2015).  

When considering a shift to new instructional strategies, a key element to consider is that the 

teachers might not have the content or pedagogical content knowledge (PCK) to teach in this 

manner. Driel, Beijaard, and Verloop (2001) suggest that forcing teachers out of a comfort zone will 

result in a lack of use of a strategy because the PCK is not available to support the shift. Long-term 

programs must be used to help teachers develop, absorb, discuss, and practice new knowledge of 

implementing instructional strategies. Some supportive methods to change teacher beliefs on shifts 

to new strategies include the use of a professional learning community at the local level, peer 

coaching from mentors, frequent feedback, use of collaborative action research model, and the use of 

cases to drive discussion on improvements. This will also help teachers with the difficulty of lesson 

planning to incorporate STEM (Jones, et. al., 2016). 

An approach for a principal to improve the multitude of variables impacting teacher 

improvement, develop PCK, and promote the creation of STEM readiness is to develop a PLC. 

According to Dufour (2004) PLCs can be implemented in a school setting to allow for teacher 

growth as a professional and provide the opportunity to increase collaboration on decisions 

regarding classroom instruction. A PLC in a school can be defined as a collection of teachers that 

analyzes best practices for improvement through reflection, collaboration, and evaluation. This 

improvement for a teacher will shift what is currently happening in the classroom to create a 

STEM classroom environment that produces student understanding of concepts and ultimately 

secondary student STEM outcomes such as problem-solving and critical thinking. Since student 

learning is driven by the teacher, data from Vesico, Ross, and Adams (2008) shows that a PLC 
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can cause teachers to assess the current implementation of a STEM lesson and design new 

methods based on reflection. For example, the authors showed that one PLC in a minority school 

shifted a language arts classroom from a didactic style to incorporate more visualization based on 

PLC discussions, and this created gains in student achievement. 

One key point is that these discussion formats on improvements in professional 

developments must be highly adaptive as opposed to highly specified to meet the needs of each 

teacher learner (Koellner & Jacobs, 2015). That would indicate a constructivist approach to allowing 

teachers to learn about STEM education and implementation in which teacher leaders model lesson 

plans, activities, technology, and assessments. An active approach also allows the leadership to 

create teacher leaders to showcase unique characteristics of STEM education and serve as mentors to 

help other teachers with implementation.  

Thus, the first two hypotheses center on STEM pedagogy. The first hypothesis deals with the 

psychometric properties of the instrument as it measures STEM pedagogy. The second hypothesis 

indicates how school leadership could potentially impact STEM pedagogy. The first two hypotheses 

for this research are as follows:  

H1: The measure for STEM pedagogy developed by this study is reliable. 

H2: School leadership influences student learning through improving STEM pedagogy. 

STEM Culture Moderates School Leadership’s Impact on Teachers’ STEM 

Pedagogy Individually. The culture that is created in a school is a significant variable that will 

impact the type of pedagogy that is utilized in classrooms by teachers. To create an environment 

where effective STEM pedagogy is utilized by teachers, all members of the school must create 
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shared STEM values through collaboration and consensus (Borrego & Henderson, 2014; Fulton 

& Britton, 2011; LaForce, et al., 2016). An enabling school structure where each teacher is 

valued for their professional experience will help to promote these discussion as well as create 

ownership of the expectations at the school for creating STEM pedagogy. Also, these studies 

suggest that the shared creation of STEM values will lead to a sense of collective responsibility 

and high expectations by the teachers as there is an added layer of accountability.  

Fullan (2013) indicates that this involvement will create buy-in within the school 

community of effective pedagogy as the teachers have now built the objectives and goals of 

STEM pedagogy and ultimately STEM student outcomes. These steps will lead to professional 

discussions throughout the school on improving individual STEM pedagogy and activities 

among faculty members according to Hitt and Tucker (2016). Teachers will begin to feel 

empowered to make instructional decisions in this democratic culture and classroom changes that 

are perceived to improve STEM pedagogy and outcomes.  

STEM Culture Enhances STEM Pedagogy. It is critical that a school administrator 

support the teachers by developing a STEM culture built around a common vocabulary and 

continuous feedback into the effectiveness of implementation (Baker, & Galanti, 2017). In fact, 

one of the most effective methods to help develop teacher knowledge is creating professional 

development designed around a constructivist approach in which teachers are allowed to 

experiment with pedagogical approaches in individual classrooms (Gerard, et. al., 2011). 

Curriculum changes in STEM can occur through a dual set of diffusion or implementation 

strategies in which teachers go through stages of awareness, interest, evaluation, trial, and 

adoption to showcase certain teachers (diffusion) or a source communicates the change in 
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instruction which is modified based on monitor and feedback mechanisms (implementation) 

(Borrego & Henderson, 2014). 

In addition to this intellectual stimulation directed toward STEM growth, a school leader 

must promote opportunities for both formal and informal teacher collaborative learning of these 

effective pedagogies within the school culture. Formal opportunities could be considered 

professional development, guest speakers, conferences, and professional learning communities. 

However, informal learning opportunities are just as important in ensuring that STEM is infused 

across the entire school. Kyndt and colleagues (2016) suggest that these informal opportunities 

can be categorized into interaction and discussion with others, practicing and testing, learning 

from others without interaction, activities undertaken individually, reflection in and on action, 

extracurricular activities, and encountering difficulties. That also includes practicing 

instructional techniques, reading on-line professional journals, and utilizing equipment involved 

in STEM.  

School Leadership Develops STEM Culture. Teacher learning must be supported by the 

administration because if the “the dissonance among beliefs, practices, knowledge, and 

experience is too large, teachers may dismiss new ideas as inappropriate to their situations” 

(Opfer & Pedder, 2011, p. 389). The authors suggest teachers will change if the culture at the 

school promotes better field and classroom experiences, opportunity for reflection, opportunities 

for understanding in a secure environment, and applied knowledge about teaching and learning is 

gained. Additionally, they show that teachers seem to learn the most when they are actively 

engaged with the learning opportunity. This allows teachers to be open with administrators about 
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success and failures in the classroom because the teachers trust the school leaders are there to 

support classroom instruction and learning.  

McGuigan and Hoy (2006) indicate that school structure and culture can be developed 

through ideas such as teacher inclusion in decision making, providing directed professional 

development, pushing teachers to have challenging course material, helping to manage 

classrooms with a focus on learning, and supporting experimentation and autonomy in the 

classroom. By building a structure of collaborative opportunities such as peer discussion, 

mentoring, reflection, and data analysis, a school leader can shift the academic emphasis of the 

school. This is particularly useful in setting the direction and goals of the school to implement a 

culture of STEM. As Moran points out, the results are clear that “teachers demonstrate greater 

professionalism where leaders demonstrate a professional orientation and where greater trust is 

evident throughout the organization” (2009, p. 239). 

Thus, it critical for school leaders to provide teachers with transformational opportunities 

that are oriented to STEM. An arena of intellectual stimulation must be provided in which the 

teachers are challenged to exam individual knowledge, strengths, and weaknesses. Teachers must 

be tasked with examining the learning environment in the classroom by designing curriculum, 

finding unique classroom organization, soliciting feedback, and developing assessments. Driel, 

Beijaard, and Verloop (2001) suggests that to shift teacher beliefs and efficacy to utilize new 

strategies such as STEM, the school must develop chances for unique transformational shifts that 

include the use of a professional learning community at the local level, peer coaching from 

mentors, frequent feedback, use of collaborative action research model, and the use of cases to 

drive discussion on improvements. 
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Individual teacher support in a school must ultimately culminate with increased 

motivation of teachers to utilize STEM in the classroom. Lam, Cheng, and Choy reported that 

“the more the teachers reported they were motivated, the more they were willing to continue with 

project-based learning in their schools” (2010, p. 493). Teachers are frequently motivated with 

administrative support such as frequent feedback, help with data analysis, opportunities to meet 

with mentors, and support finding critical classroom resources (Towers, 2012). Cantrell and 

Kane even suggest that teachers using STEM be observed multiple times by administrators, peer 

teachers, mentor teachers as well as videoed for the most effective feedback for implementation 

in order to further promote STEM culture (2013). As the relationships, competence, and 

autonomy in a school increase, self-determination to use STEM naturally increases which creates 

higher levels of motivation and attitude to continue using the instructional model. 

The third and fourth hypotheses deal with how the STEM culture deals with STEM 

pedagogy, but the third hypothesis specifically includes the psychometric properties of STEM 

culture in the developed instrument. The third and fourth hypotheses for this research are: 

H3: The measure for STEM culture developed by this study is reliable. 

H4: STEM culture moderates the impact of school leadership on STEM pedagogy. 

School Leadership Impacts Student Learning Through STEM Pedagogy as 

Moderated by School Culture. Research by Leithwood & Sun (2012) indicates that there are 

five major categories in which an administrator can influence the development of teachers: 

modeling behavior, providing individualized support, contingent reward, providing intellectual 

stimulation, and developing a shared vision and build goal consensus. This means that it is 

critical for an instructional leader to establish a school environment that promotes research based 
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pedagogical strategies that will allow all learners to improve classroom STEM educational 

strategies. By modeling behaviors such as data analysis, reflection, research, and growth, a 

school leader can showcase the skills necessary to create improvements as well as have the 

knowledge to individually support each teacher at their current capacity level. In fact, it has been 

shown that STEM culture is better supported when administrators have backgrounds and 

working knowledge in these fields (Lochmiller, 2015). 

Fulton and Britton suggest that STEM teaching “is more effective and student 

achievement increases when teachers join forces to develop strong professional learning 

communities in their schools” (p. 4). This will provide the opportunities to create pedagogy that 

supports critical STEM pillars of engagement, alignment, and rigor (Early, Rogge, & Deci, 

2014). In fact, Pryor, Pryor, and Kang provide evidence that this will even allow all teachers in 

content areas such as social studies and English to improve attitudes for using STEM and infuse 

STEM into curriculum (2016). However, for the change to STEM instruction to last longer than 

2 years, time had to be built into the PD that allowed the teacher to reflect and test how to 

integrate STEM. The likelihood also increased if a mentoring or collaboration program was also 

present at the school so the teacher could discuss and bounce ideas off other teachers about 

pitfalls and barriers.  

However, it is critical for school leaders to be active participants in this development of 

STEM education within a school culture (Fulton & Britton, 2011). School leaders are critical 

parts of success in STEM education because they play the role of facilitator, model, and expert 

(Caparo, et. al, 2016, LaForce, et. al., 2016). Additionally, that STEM shift requires the leader to 

make observations of teachers, offer feedback, provide support in data analysis, and find 

resources for the classrooms (Driel, Beijaard, and Verloop, 2001). This will create an 
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environment of trust and openness in which the communication is transparent as well as 

supportive of teacher flexibility and experimentation. By creating a school culture that values 

and implements STEM education, a school leader will be able to drive STEM improvements 

through allowing teachers to have autonomy, participate in decision-making, having a common 

planning time, creating a vision, and driving collaboration among staff members to improve 

STEM instruction (LaForce, et. al., 2016). 

A school leader can both directly and indirectly impact STEM education in a school. This 

includes impacting STEM in the classroom through a mediating variable specifically the 

pedagogical strategies used in the classrooms. Additionally, a school leader creates a culture 

within the school, and this will ultimately impact STEM education through influencing the 

implementation of the pedagogical strategies associated with STEM. Figure 1 shows a simplistic 

version of how the school leader can impact STEM student outcomes in a school both directly 

and indirectly through the mediating variable of pedagogical approaches and mediator variable 

of school culture. 

Thus, the final two hypotheses for this research deal with school leadership. The fifth 

hypothesis indicates that the instrument as it measures school leadership will be reliable, and the 

sixth hypothesis deals with school leadership impact through mediation and moderation. The 

final hypothesis are as follows: 

H5: The measure for school leadership developed by this study is reliable. 

H6: School leaders improve student learning through improving teachers’ STEM 

pedagogy as moderated by STEM culture in school. 
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Figure 1: Simplistic figure showing the mediation and moderation variables impact on the 

predicator and outcome variables. 

Definition of Key Terms 

 

Distributed leadership is a model of leadership in which decisions are shared with a team 

or group (Spillane, 2015). Decisions involve multiple groups and individuals as opposed to a 

single person making a decision. 

Inquiry is a classroom instructional approach “in which students conduct experiments, 

make observations, or collect information in order to infer principles underlying a topic or 

domain” (Lazonder & Harmsen, 2016, p. 682). It is a common instructional practice associated 

with STEM education. 

Leadership in an organization revolves around the two areas of providing direction and 

exercising influence, and these can have a positive or negative effect on an organization. There 

are four areas of leadership as it pertains to STEM, and these are disseminating (curriculum and 

School Leader 

(Predictor variable) 

STEM Student Outcomes 

(Outcome variable) 

c’ 

Pedagogical Approaches 

(Mediating variable) 

a b 

School Culture 

(Moderator Variable) 



58 

 

pedagogy), developing (reflective teachers), enacting (policy), and developing (shared vision) 

(Borrengo & Henderson, 2014).  

Pedagogy is the art of teaching that includes the use of classroom activities and 

controlling student learning. This requires an understanding of subject content, student 

motivation, use of classroom resources, direction of activities, forms of assessment, and 

reflection on lessons. 

Pedagogical content knowledge “consists of two key elements: knowledge of 

instructional strategies incorporating representations of subject matter and understanding of 

specific learning difficulties and student concepts on with respect to the subject matter (Van 

Driel, Verloop, & DeVos, 1998). This knowledge can be categorized as action-oriented, person- 

and context-bound, tacit knowledge, integrated knowledge, and teacher beliefs (Driel, Beijaard, 

& Verloop, 2001; Schroder, et. al., 2007).  

Pedagogical efficacy is a teacher’s “belief about her or his capacity to organize and 

execute the actions required to produce a given level of attainment” (Hoy, Tarter, & Hoy, 2006, 

p. 428) as it relates to the art of teaching. 

Project-based learning (PBL) is any activity “that occurred in a real-world context and 

purpose” (Duke, Halvorsen, & Strachan, 2016, p. 15), and this can occur in all subjects including 

social studies and literacy. This is a student-centered approach in which students can gain deeper 

and individual knowledge and skills through an exploration of real-world challenges. 

Professional development (PD) is a learning opportunity to provide growth for teachers. 

In these events teachers are offered a variety of learning opportunities, but most importantly, 

teachers can create sense making.  
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Professional learning community (PLC) in a school can be defined as a collection of 

teachers that analyzes best practices for improvement through reflection, collaboration, and 

evaluation (Dufour, 2004). Teachers and students work collaboratively as opposed to in isolation 

to learn, experiment, or accomplish a task; however, this requires a significant amount of trust, 

transparency, and openness between school leaders and teachers. 

Schemata are the building blocks of cognitive knowledge that each person has 

accumulated (Piaget, 1972). A person can then scaffold this previous knowledge that has already 

been learned to understand a higher cognitive concept or experience. This scaffolding allows a 

person to critically evaluate a new or unique experience to solve a problem or construct 

knowledge.  

School culture is considered the values and norms that are developed in the school. This 

culture is built on the shared norms, values, and tacit expressions that are developed about the 

school by students, parents, and teachers (Hoy & Miskel, 2013).  

School structure is the levels of formalization and centralization established by a school 

leader. According to Hoy and Miskel (2013) the bureaucracy and professional competence of 

teachers are either hindered or enabled by the school structure. An enabling structure supports 

the teachers, and thus academic optimism, by empowering teachers through a democratic and 

flexible approach to the school structure. This creates high levels of trust, autonomy, creativity, 

and mindfulness. 

Sense making is how teachers process information to understand a pedagogical concept, 

and the implications in how it can be used for individual classrooms and students. Or, Allen and 

Penuel (2015) describe it as simply “one productive way to analyze how teachers wrestle with 
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issues of coherence, as it considers how local actors negotiate meaning from a variety of, often 

conflicting, messages they encounter in their local environment” (p. 137). 

Shared leadership is a participative model of leadership in which the leader will solicit 

input from all stakeholders. The feedback is carefully considered when making an organizational 

decision. The idea behind the principal is to encourage commitment within the organization 

because all the people feel their voices are being heard when decisions affecting them are made 

(Leithwood & Louis, 2012).  

STEM is a curricular focus in education on science, technology, engineering, and 

mathematics. It is an interdisciplinary pedagogical approach in which the application of science, 

technology, engineering, and mathematics are presented in a rigorous format and connected to 

previous experiences or concepts in literature (Tsupros, Kohler, and Hallinen, 2009).  

Student-centered pedagogy is a classroom approach in which the students are engaged in 

active learning activities, and the teacher is considered a facilitator of knowledge. Students use 

previous knowledge from a constructivist model of learning to build individual knowledge. The 

classroom encourages collaboration and interaction between students and materials, and 

activities include inquiry, hands-on, and project-based learning opportunities (Llewellyn, 2002).  

Traditional pedagogy is a classroom approach in which the students exclusively focus on 

the teacher, and the teacher disseminates information, knowledge and learning. Strategies include 

activities such as lecture or drill and practice (McManus, Dunn, & Denig, 2003; Lord, 1999; 

Whicker, Bol, & Nunnery, 1997). In a traditional behavioristic classroom, the student is expected 

to act as a sponge and absorb the knowledge of the teacher as the student is considered a passive 

learner.  
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Transformational leadership is an approach to leadership that suggests that leaders 

should focus on the growth of all members within the organization. As a relationship theory, 

leaders that utilized a transformational model have high ethical and moral standards that are 

projected to members of the organization. This means that the leaders are focused on the 

performance of the organization, but these leaders believe that production will improve if all 

members reach their potential and people are treated with dignity (Leithwood & Louis, 2012). 

Conclusion 

When considering the variety of variables that can impact student learning there are a 

variety of constructs that can ultimately change the outcomes of student learning. For STEM 

specifically, a combination of classroom pedagogy, school leadership, and school culture can 

create changes in STEM learning. Classroom pedagogy includes teacher actions such as the level 

of facilitation and use of questioning, student actions including active learning and real-world 

experiences, classroom activities such as inquiry, open-ended problems, PBL, and SDL, and 

finally motivation based on the connection to concepts (Caparo, et.al., 2016; Driscoll, 2015; 

LaForce, et.al., 2016; Schwalm & Tylek, 2012; Furtak, et. al., 2012; Han, Caparo, & Caparo, 

2014; Pryor, Pryor, & Kang, 2016). School leadership encompasses support and development 

such as utilizing professional development and observations, implementation including building 

and maintaining professional development, and pedagogical content knowledge based on data 

analysis (Caparo, 2016, Hitt & Tucker, 2016; LaForce, et. al., 2016; Gerard, et. al., 2011; Fulton 

& Britton, 2011). School culture is built on modeling including involving teachers, creating a 

vision and goals, providing feedback, sense making when making experiences, increasing 

pedagogy efficacy, and allowing ownership and flexibility (Borrego & Henderson, 2014; 

LaForce, et. al., 2016; Pryor, Pryor, & Kang, 2016; Leithwood & Sun, 2012).  
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To effectively infuse STEM pedagogical approaches into a school culture, a school leader 

must carefully consider the model of leadership that is utilized. Research supports that it is 

critical to allow teachers to have autonomy in individual classroom experiences so that practical 

content knowledge and sense making allow for development. This scaffolding system would be 

supported by a constructivist and transformational approach. However, there must be leadership 

support and frequent discussions to implement the change in pedagogical approaches and 

improve individual STEM teacher capacities. By involving teachers in classroom dialogue, data 

can be analyzed for reflection and collaboration through PLCs and PD. Thus, “findings suggest 

that professional development programs that engaged teachers in a comprehensive, 

constructivist-oriented learning process and were sustained beyond 1 year significantly improved 

students inquiry learning experiences…In professional development programs of 1 year or less, 

researchers encountered common technical and instructional obstacles related to classroom 

implementation that hindered success” (Gerard, et. al., p. 408). School leaders create change 

through actions and decisions directly on STEM outcomes; however, leaders also indirectly 

impact these outcomes through changes on classroom pedagogical strategies and the school 

culture that is present. 

A review of literature supports breaking down the three constructs of classroom 

pedagogy, school leadership, and school culture into the critical factors for STEM education. 

These concepts and key practices were developed as a foundation for the further development of 

the research. These critical findings helped develop the key supports of teaching strategies, 

school leadership, and school culture in STEM education and fueled the creation of questions for 

the survey instrument. A summary of how the literature supported the key concepts and 

associated instrument question development can be found in Appendix D.  
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CHAPTER 3: METHODOLOGY 

 

Introduction 

 

When approaching a problem, issue, or phenomenon, it is critical to understand the 

purpose and direction of the research. Creswell suggests three categories of research exist that 

allow for analysis of a question: quantitative, qualitative, and mixed methods (2009). All three of 

these types of research focus on a different aspect of a problem. This means that fundamental 

differences exist between each type, but all three serve the purpose of answering a research 

question.  

The purpose of this study was to determine the extent to which there is evidence 

consistent with the theory that a school leader can have a direct or indirect effect on the STEM 

outcomes of the school. While STEM student outcomes can include interest in STEM fields, 

engagement in the classroom, or persistence into post-secondary STEM opportunities, successful 

STEM outcomes for this study were defined based on the STEM achievement score on the ACT. 

A STEM readiness benchmark of 26 indicates that a student is prepared for first year college 

level classes including calculus, chemistry, physics, biology, and engineering (Allen & 

Radunzel, 2017). 

Indirectly, school leadership can be mediated using effective pedagogical approaches in 

the classroom that were designed to improve STEM outcomes; however, STEM outcomes can 

also be affected through a moderator of the school culture in the school. This is important 

because there was little evidence that either directly or indirectly attributes school leader actions 
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to the success of STEM outcomes in the school. This chapter describes the quantitative research 

design and methodology utilized to analyze the impact of the three outcome variables of school 

leadership, school culture, and effective pedagogical strategies on the outcome variable of 

successful STEM student outcomes. 

Overview of Research Design and Methodology 

For this study, the primary research methodology utilized quantitative strategies. This 

strategy of inquiry quantifies data by discovering facts about a phenomenon. According to 

Creswell (2009), this allows for the researcher to infer correlations about relationships between 

variables and generalize these results from a smaller sample to the entire population. This 

measurement of data and analysis is performed through statistical tests, but, quantitative research 

will typically answer the questions about what is happening in the data collected (Phillips and 

Burbules, 2000). The quantitative strategy used for this research is a survey research design. 

To analyze how the variables of school leadership, teacher pedagogical approaches, and 

school culture impact STEM student outcomes, a pilot survey was constructed. This pilot survey 

instrument is intended to measure teacher perceptions of three variables. These include effective 

STEM pedagogical approaches, school leadership impact on the implementation of these 

approaches, and school culture to develop STEM education. This pilot survey is developed and 

assessed for validity and reliability. Teachers from public high schools in the state of Alabama 

were selected through a stratified random sampling approach to complete the online survey in the 

program Qualtrics that was distributed through email. These public high schools were sampled 

from two groups, schools in districts with multiple high schools and schools in districts with a 

single high school. The final survey was then distributed to a larger population of teachers 

throughout the state of Alabama that matches the population of the pilot survey. Using a unit of 
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analysis of schools, both the pilot population and experimental population was compromised of 

teachers in all content areas of grades 9th through 12th.  

Data from the survey respondents was analyzed using a path analysis statistical approach. 

This includes an independent variable of school leadership and dependent variable of STEM 

student outcomes; however, it also included a mediator variable of pedagogical approaches and a 

moderator variable of school culture. Relationships between the four variables are assessed 

through the Statistical Package for Social Sciences (SPSS) and Winsteps (Linacre, 2014; 

Preacher & Hayes, 2005). 

Research Questions 

 

 The following research questions investigated how school leaders impact school STEM 

outcomes through mediation and moderation. These questions analyze teacher perceptions of 

STEM education in the state of Alabama. 

1. To what extent can STEM pedagogy be measured using teacher-rated surveys developed 

by this study based on the review of research evidence and pilot study? 

2. To what extent can STEM culture be measured using teacher-rated surveys developed by 

this study based on the review of research evidence and pilot study? 

3. To what extent can school leadership for STEM student leaning be measured using 

teacher-rated surveys developed by this study based on the review of research evidence 

and pilot study? 

4. To what extent does school leadership impact STEM student learning directly? 

5. To what extent does school leadership impact STEM student learning indirectly as 

mediated by STEM teacher pedagogical approaches? 
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6. To what extent does school leadership impact STEM student learning as moderated by 

school culture? 

7. To what extent do school leaders improve STEM student learning through improving 

teachers’ STEM pedagogy as moderated by school STEM culture? 

Hypothesis 

 

 The following hypothesis investigated how school leaders impact school STEM 

outcomes through mediation and moderation: 

H1: The measure for STEM pedagogy developed by this study is reliable. 

H2: The measure for STEM culture developed by this study is reliable. 

H3: The measure for school leadership developed by this study is reliable. 

H4: School leadership influences student learning through improving STEM pedagogy. 

H5: STEM culture moderates the impact of school leadership on STEM pedagogy. 

H6: School leaders improve student learning through improving teachers’ STEM 

pedagogy as moderated by STEM culture in school. 

Research Design 

The research method utilized in this study was a quantitative research design in which a 

specialized regression technique was used to analyze the variables. Statistical tools are important 

in research because it allows for judgements or numerical correlations that will, in this case, 

allow school leaders to make informed decisions on driving a successful STEM outcome in a 

school (Abelson, 1995). In fact, Jose (2009) states that “statistical tools can be wonderful tools 

for exploring, explaining, and predicting the seemingly fickle happenstances of life” (p. 14). For 
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this particular study, the regression techniques of mediation and moderation investigated the 

correlation between four different variables: school leadership, teacher pedagogical strategies, 

school culture, and STEM student outcomes.  

Variables 

 Baron and Kenny (1986) refer to a technique combining mediation and moderation as 

mediated moderation, and it is a general linear model (GLM; Henderson, 1998). This path model 

adds two independent variables (a mediating variable and a moderating variable) in the form of 

an indirect path to the original direct path of an independent variable (predictor variable) to the 

dependent variable (outcome variable). A mediating variable occurs when a variable stand 

between the predictor (independent) and outcome (dependent) variables, but the mediator passes 

on the effect from the predictor to the outcome. Or, in other words, the predictor variable creates 

a change in a mediator which in turn creates a change in the outcome variable. On the other 

hand, a moderator variable is a third independent variable that impacts the strength or direction 

between the predictor variable and outcome variable.  

Baron and Kenny define mediated moderation as a statistical tool that will “distinguish 

between the properties of moderator and mediator variables in such a way as to clarify the 

different ways in which conceptual variables may account for differences in people’s behavior” 

(1986, p. 1173), and Jose (2013) adds that mediated moderation is “an attempt to present a 

method of measuring the direct influence along each separate path in such a system and thus of 

finding the degree to which variation of a given effect is determined by each particular cause” (p. 

557).  For this study, the predictor variable was school leadership, the moderator variable was 

school culture, the mediating variable was teacher pedagogical strategies, and the outcome 
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variable was STEM student outcomes. All four of these variables were treated as continuous 

variables and they were collected using the designed survey. 

Population Sample  

In this study survey research was used to collect data. Initially, a pilot survey instrument 

to measure teacher perceptions of effective STEM pedagogical approaches as well as teacher 

perceptions of school leadership and school culture impacts on the implementation of these 

STEM approaches was developed and assessed. The survey was designed to potentially reveal 

effective approaches to school culture, school leader decisions, and teaching that would support 

STEM student learning. It also shows how school leaders and support staff could best support 

this instruction and learning in the classroom.  

To assess these variables, a sixty-two question pilot survey was provided to teachers in 

grades 9-12 in all content areas in 6 high schools across the state of Alabama through a stratified 

random sample. These grades were used because STEM student outcomes can be measured 

using the STEM score from the ACT standardized tests, which were required tests for all 

eleventh-grade students in the state of Alabama.  

In order to create the stratified random sample, the schools were broken into two strata. 

These two include schools with multiple high schools in the school district and schools with 

single high schools in the district. These two strata are unique to public high schools in the state 

of Alabama because it highlights an external economy of scale with a difference in available 

resources for these schools. A unique characteristic to Alabama is that most single high school 

districts are in communities with higher socioeconomic statuses, and this translates into more 

funds for the school. This includes financial availability to recruit quality teachers and offer 

classroom resources that can improve the STEM learning and culture in a school. The 
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development of these two strata provided an interesting comparison of demographics including 

socioeconomic status. Information on the type of high school is readily available on school 

district websites, so the grouping of the schools into the two strata can be accurate.  

The sample should create a wealth of diversity as well as content knowledge of STEM 

pedagogical approaches. This survey was developed, delivered, and collected through Qualtrics, 

a survey administration software. After analysis for evidence of validity and reliability using 

psychometric techniques, the updated survey was then administered to a larger population of 

teachers in grades 9-12 across Alabama through a stratified random sample. Results were 

analyzed using the mediated moderation technique in SPSS. 

Unit of Analysis 

The unit of analysis that was used to solicit participants were schools in Alabama; 

however, the respondents were teachers. These teachers were current and full-time teachers in 

grades 9-12 in the state of Alabama. Teachers were from all subject-areas and include English 

language arts, mathematics, science, social studies, fine arts, and career and technical. Using 

α=.05, a=.50, and power=.80, the sample size was calculated in G*Power. It was the goal to 

achieve a sample size of 6 high schools to complete the pilot survey and 60 high schools to 

complete the final survey (Cohen, 1988). 

For this sample of 60 high school, 30 were from the strata of multiple high school 

districts and 30 from single high school districts. In the state of Alabama there are a total of 366 

public high schools with 289 from multiple high school districts and 77 from single high school 

districts. Including 30 from each stratum was disproportionate to the population of high schools 

in Alabama; however, it does provide for an equal number of teachers at each type of high school 

to respond to the survey.  
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Instrumentation 

The pathway to conducting this research involved several steps. However, it is critical to 

indicate that a survey methodology was employed to collect and analyze data. Survey research 

was used for a variety of reasons. According to Fink (2012) these include monitoring real-time 

data coming directly from the opinions of people, in this case teachers, to provide an opportunity 

for data from feedback to be analyzed and interpreted. There were multiple steps conducted for 

this research study including the creation of a pilot survey, testing of the pilot survey for 

evidence of reliability and validity per the current Standards for educational and psychological 

testing (2014), and a final administration to be analyzed through mediated moderation. 

In this study a pilot survey instrument to measure effective STEM pedagogical 

approaches as well as school leadership impact on the implementation of these approaches was 

developed and assessed first. The survey was designed to potentially reveal effective approaches 

to teaching that would support STEM student learning. It would also show how school leaders 

and support staff could best support this instruction and learning in the classroom. After the 

instrument was checked for evidence of validity and reliability through a focus group, content 

validity measures, and statistical analysis, the instrument were used to collect data from teachers 

on the four variables, and the data was analyzed through mediated moderation.  

The pilot survey was important because a tool that specifically connects the variables of 

school leadership, STEM pedagogical approaches, and school culture to STEM student outcomes 

does not exist. There were surveys that measure teacher efficacy and attitudes towards STEM by 

Maximizing the Impact of STEM Outreach, implementation of STEM education from Interactive 

Educational Designs, and teacher’s attitudes towards STEM teaching and learning created by the 

National Science Foundation. However, none of these surveys specifically connect the direct 
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effect variables of school leader actions and STEM outcomes in a school. While teacher 

instruction, activities, and other forms of pedagogy were vital in developing students that were 

prepared for STEM post-secondary opportunities, a school leader was also a critical component 

in ensuring that the culture and classrooms were incorporating these strategies.  

For this research the pilot survey was developed as a cross-sectional instrument that 

collects concurrent data (Borg and Gall, 1989). This was important because it was “a small-scale 

trial run of all the procedures planned for use in the main study” (Monette, et al., 2002, p. 9), and 

it allows for clarity in questions or identification of potential problems in the questionnaire (Borg 

and Gall, 1989). Issac and Michael (1995) provide four other benefits for conducting a pilot 

survey: 1) an opportunity to test hypotheses; 2) allowance for checking statistical and analytical 

procedures; 3) a chance to reduce problems and mistakes in the study; and 4) the reduction of 

costs incurred by inaccurate measures.   

Survey Design 

To conduct a mediated moderation analysis of school leadership, pedagogical 

approaches, school culture, and STEM outcomes, there were two distinct steps with multiple 

layers in each step. First, due to a lack of an available survey to analyze the variables, an 

instrument was designed. After completion of the multiple steps to prepare the survey, this new 

survey was used to collect data from teachers and analyzed through the statistical method of 

mediated moderation. 

 When creating a survey to use as an instrument, Fink suggests that there are three steps, 

and these include seeking expert advice, pre-testing, and final checks (2012). When developing a 

questionnaire, it was important to first consider the critical constructs to include in the survey 

that impact the chosen variables. These ideas from experts in the field of science, technology, 
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engineering, and mathematics can come from discussions or research in professional journals 

and texts. This will help in the creation of questions or elimination of ideas that were not relevant 

to the variables. A review of the resources utilized in the creation of each question can be found 

in the appendices.  

 The development of the pilot questionnaire using data and information from the literature 

review was used to create a 70-question survey instrument. Of these questions, 62 items ask 

questions pertaining to respondent attitude toward effective STEM pedagogy as well as school 

leadership support of STEM education and school culture related STEM. The remaining 6 

questions include demographic questions in reference to the teacher background and school, and 

they include years of service, level of teacher certification, content area taught, socioeconomic 

status of school, location of the school, and average students in a classroom. These demographic 

questions were used to determine significant differences and relationships between teacher-

reported demographics on specific survey items. 

 Construct questions related to the variables of pedagogical strategies, school 

leadership, and school culture were also broken down into several categories. These categories 

evolve from the literature review as key ideas affecting each of the four variables, and a 

breakdown of questions by category can be found in appendices. Of the 62 construct questions 

related to the variables, 16 deal specifically with school leader actions with 5 in support and 

development of STEM, 6 in implementation of STEM, and 5 in creation of STEM pedagogical 

content knowledge. A total of 20 questions deal with the moderation variable of culture, and 

these include 9 in models of culture, 5 in STEM pedagogy sense making, and 6 in pedagogy 

efficacy. Finally, a total of 26 questions deal with STEM classroom pedagogical approaches with 
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5 in teacher actions, 4 in student actions, 13 in STEM activities, and 4 in student motivation 

levels. The pilot survey can be found in Appendix E. 

 Each of these questions contains a 4-item response set using a Likert scale. According to 

Fink (2012), this is a self-reporting, psychometric measure that indicates the attitude or opinion 

of a respondent in how much he or she agrees or disagrees with a statement on STEM pedagogy, 

school leader actions, or school culture related to STEM use in a school. The rating system for 

this survey measured the attitude in which teachers agreed with a statement, and the 4 responses 

included: strongly disagree, disagree, agree, and strongly agree. These questionnaires dealing 

with STEM education were delivered in an on-line survey format through email.  

 For the pilot testing of the survey, a sample of teachers in grades 9-12 in the state of 

Alabama were used. These teachers can teach any subject as it was important to see how STEM 

was used across the school in all content areas. A stratified random sample was selected from a 

limited number of schools for the pilot survey. A stratified random sample allows each teacher to 

have an equal chance of being selected as these sites (Fink, 2012). This desired number pilot test 

population was calculated based on research by Cohen (1988) with α=.05, a=.50, and power=.80.  

It was critical to ensure that this survey instrument does not introduce error related to 

threats to fairness among the testing population. According to the American Educational 

Research Association in Standards for educational and psychological testing (2014), a survey 

should have both accessibility and a universal design. As was noted on page 50, “a fair test does 

not advantage or disadvantage some individuals because of characteristics irrelevant to the 

intended construct”. Through uniform directions, consistent procedures, and on-line availability, 

there was a reduction in bias and variance among the testing population. That was the reason that 

a wide range of teachers were used in the populations because it allows for diversity of each 
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school and each teacher content knowledge since each teacher and school was unique in terms of 

STEM use.  

Validity, Reliability, and Fairness 

A key point in the development of a pilot survey was measuring the validity and 

reliability of the instrument. These were properties of assessment tools that indicate that the 

instrument is an acceptable measure. Validity is defined as “the degree to which all the 

accumulated evidence supports the intended interpretation of test scores for the proposed use” 

(American Educational Research Association, et al., 2014, p. 11) with reliability being defined as 

whether the instrument “measures something consistently” (Salkind, 2018, p. 65). When 

assessing a survey, the instrument reliability must first be measured. As Salkind (2018) indicates, 

“a test cannot be valid before it is reliable” (p. 95). Validity and reliability were measured 

through two different mechanisms that include classical test theory and item response theory. 

 For the classical test approach, internal consistency reliability for this instrument was 

assessed using the statistical software package SPSS. This correlates the score from each item 

with the total score (item-total correlation), and Cronbach Alpha (α) was used as the indicator of 

reliability. As a general guideline, McMillian and Schumacher (2001) indicate that for an 

instrument to have a reliable measure, the Cronbach Alpha must be above 0.70, and it was 

calculated using the following formula: 

α = (
𝑘

𝑘−1
)(

𝑆𝑦
2−𝜀𝑆𝑖

2

𝑆𝑦
2 ),  

where k=number of items;  

S2
y=variance among observed score;  

εS2
i=sum of all variances for each item 
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After conducting the pilot survey with the respondents, the Cronbach Alpha was 

calculated and improved through analysis of the item-to-total correlation. In terms of Classical 

Test Theory, internal consistency reliability of the instrument was evaluated using Cronbach 

alpha, and the Cronbach Alpha was analyzed for improvement through item-to-total correlations 

(Leech, Barrett, & Morgan, 2015). According to Leech, Barrett, and Morgan (2015), a 

moderately low item-total correlation that should be removed was any item with a r value below 

0.40. However, other research also suggests that any correlation value below 0.5 should be 

removed (Nunnally, & Bernstein, 1994). Survey items with a low r value reduces the reliability 

of the instrument, and these specific items required further evaluation through content and 

construct validation indicators 

Thus, for this study, the threshold value for item-total correlation was considered to be 

0.45, and any question below this threshold was removed. Correlations of less than 0.450 were 

removed from the survey to improve the final Cronbach alpha. Standard error of measurement 

(SEM) could then be calculated using the formula 𝑆𝐸𝑀 = 𝑆𝐷√1 − 𝑟 with SD representing 

standard deviation and r as the final Cronbach Alpha (Leech, Barrett, & Morgan, 2015). The 

removal of items with low correlations resulted in an improved reliability for the instrument. 

 To gather evidence of validity for this instrument, a combination of content and construct 

validity indicators were used to evaluate the degree to which the survey instrument accurately 

measures school leader actions, pedagogical approaches, and school culture as it relates to 

successful STEM outcomes in a school. Content validity for the instrument involves a subjective 

evaluation on the content by judges who possess the content knowledge. Initially, the survey was 

developed with a focus on content validity evidence through use of current literature related to 

STEM education pedagogy, school leader actions, and school culture. Through review of over 
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eighty journal articles, key concepts related to school leadership, effective pedagogy, and school 

culture were identified for use in the survey. This led to the three categories of classroom 

pedagogy, school leaders, and school culture. Additionally, a focus group interview with five 

teachers was used to gather validity evidence related to the use of the instrument.  

 However, the content validity approach allows specific constructs in these three 

categories to be identified. For effective pedagogy, the literature in STEM supports ideas such as 

specific teacher and student actions in the classroom, different learning activities, and 

motivational levels. School leadership in STEM education literature supported the constructs of 

implementation of STEM, support in the growth, and development of pedagogical content 

knowledge in teachers. Finally, school culture in the development of STEM identified models, 

sense making, and pedagogy efficacy through literature. These constructs identified from 

literature informed the development of the questionnaire on school leadership and school culture 

support of effective pedagogical approaches in developing STEM student outcomes.  

After the initial evidence of content validity was established through use of a literature 

review, additional evidence that the instrument measured the intended content was evaluated by 

experts in the field of STEM. Gregory (1996) provides a measurement for content validity with 

the figure shown in Figure 2: 

“When two expert judges evaluate individual items of a test on the four-point 

scale, the ratings of each judge on each item can be dichotomized into weak 

relevance (ratings of 1 or 2) versus strong relevance (ratings of 3 or 4). For each 

time then, the conjoint ratings of the two judges can be entered in into the two-by-

two agreement table. For example, if both judges believed an item was quite 

relevant (strong relevance), it would be placed in cell D. If the first judge believes 

an item was very relevant (strong relevance) but the second judge deemed it be 

only slightly relevant (weak relevance), the item would be placed in cell B” (p. 

109). 
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Thus, further analysis of content validity was conducted on individual questions by 

expert judges (Lawshe, 1975). Each judge ranked each question on a scale of 1 to 4 with 1 as 

weak relevance, 2 as slight relevance, 3 as moderate relevance, and 4 as strong relevance. Based 

on the expert responses, the question was placed into the category of A, B, C, or D based on a 

two-by-two agreement table. If both judges felt that there was moderate relevance (3) or strong 

relevance (4), the question was placed into category D indicating both judges felt the question 

had strong relevance. (Zamanzadeh, Ghahramanian, Rassouli, Abbaszadeh, Alavi-Majd, 

Nikanfar, 1995). 

 

 

Figure 2: Example two-by-two agreement table for expert judge analysis instrument content 

validity. 

Use of these rankings allows for the calculation of the content validity index (CVI). In 

this study, using an approach discussed by Lynn (1986), a scale level index (S-CVI) was used to 

determine the average scale level content validity score. This was also considered a universal 

agreement approach or “the content validity of the entire instrument or tool” (Gregory & Prion, 

1996, p. 531). Evidence related to content validity can then be collected using the formula: 
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𝐷

𝐴+𝐵+𝐶+𝐷
 . According to Gregory and Prion (2016), a S-CVI or overall score that exceeds 0.70 

was an acceptable threshold of content validity for an instrument. However, the questions that 

were removed or kept based on content validity feedback and context of the questions will help 

create an appropriate level of content validity. 

 Additionally, this STEM survey instrument was measured with construct validity, which 

is “the extent to which an instrument yields scores that are consistent with what is known (or 

generally believe to be true) about the construct that the instrument is designed to measure” 

(Orcher, 2005, p. 118). Construct validity was evaluated through exploratory factor analysis 

(EFA) in SPSS using a complimentary approach of classical test theory approach and item 

response theory. A factor analysis allows for dimensions of variables in construct validity by 

extracting factors using eigenvalues that suggest a substantial proportion of variance (usually 

factors with eigenvalues greater than 1.00). Exploratory factor analysis was used with a varimax 

rotation. A factor analysis also allows for dimensions of variables in construct validity by 

extracting factors. To begin the analysis factors were extracted using eigenvalues greater than 

1.00 (Leech, Barrett, & Morgan, 2015). The eigenvalue at 1 account for as much variance as a 

single variable (Hair, et. al., 2010). This allows questions in the survey to be grouped into groups 

based on the number of factors calculated in the EFA.   

Demographics were also analyzed for comparison of respondent data within meaningful 

groups of populations. The demographics can be analyzed using an independent samples t-test 

for questions with only two categories or an ANOVA for questions with three or more 

categories. ANOVA categories were then analyzed further between group differences using a 

Tukey post-hoc test if equal variances were assumed which compared all possible pairs of means 

to determine which specific groups’ means were different; however, a Games-Howell post-hoc 
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test if equal variances were not assumed (Morgan, Leech, Gloeckner, & Barrett, 2013). 

Additionally, if there was a relationship between the groups of demographics, each individual 

question item in the survey can be evaluated with a chi-square test. This test facilitated 

comparisons of the frequency with which teachers selected each of the ordinal response 

categories between demographic subgroups. 

Traditionally when conducting a pilot survey, either classical test theory or item response 

theory is used for analysis of the instrument. In the classical test theory, a scale score is the unit 

of analysis with a total score of multiple items, and this theory typically performs better for small 

populations (Orcher, 2005). However, item response theory focuses on individual items and test 

takers (Andrich, 1978). This allows for individual items to be assessed in the instrument with 

teachers that have both high and low knowledge of STEM education. Thus, a combination of 

classical test theory and item response theory allows for two complementary tests to consider the 

instrument at unique levels.  

Item response theory transforms raw scores to interval level measures that can be 

analyzed. This means that IRT will indicate the probability of a response based on the respondent 

and item location for the three constructs of classroom pedagogy, school leadership, and school 

culture. For this study, the polytomous Rasch Model used, which is otherwise known as the 

rating scale model (Andrich, 1978). The basic form of the dichotomous Rasch Model is Pni(x = 1) = 

f(Bn – Di); however, the rating scale model equation is  (Bond & Fox, 

2015).  

To consider the instrument using item response theory, the Winsteps software was 

utilized. The calibration of items using these calculations was evaluated using a combination of 

the infit and outfit mean square and the infit and outfit standardized version. Using the Winsteps 
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program, the survey response data can be used to construct a variable or Wright map with 

estimates for teachers and items on the logit scale using a Rasch Model with IRT (Linacre, 

2014). Additionally, according to Linacre the data can be interpreted with calibration tables in 

which the mean square infit and outfit should be around 1.00 when the item fits into the model 

and the standardized version of the infit and outfit should be approximately + or – 2.00 if the 

item fits into the model. If the survey items do not fit into the calibration, the items were 

considered for removal of the survey. The analysis can also be used to evaluate how individual 

teacher responses fit the model; however, item fit was the focus of the pilot analysis. 

 An additional component that was involved in gathering evidence related to the validity 

of this instrument is the fairness of the assessment. According to the American Educational 

Research Association in Standards for educational and psychological testing (2014), “fairness is 

a fundamental validity issue” (p. 49), and fairness minimizes measurement bias through the 

accessibility of the test and the creation of a universal design. By using a stratified random 

population sample of all public high schools in the state of Alabama, a diverse population of 

teachers was included in the sample. Through administering the survey in an on-line format in 

Qualtrics with personal settings already created on individual computers, all participants have 

equal accessibility. The universal design of the survey seeks to “maximize the accessibility for 

all intended examinees” (American Educational Research Association, 2014, p. 50) by 

evaluating measurement bias across subgroups of participants.  An additional aspect of fairness 

can be assessed through comparable interpretations of teacher responses on items in the survey 

instrument between the differing subgroups in the population. This component of fairness is 

established through empirical evidence based on survey items of each subgroup. 
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Data Analysis  

After evidence of validity was gathered on the Teacher Perceptions on School 

Leadership, Culture, and Pedagogy Impacts on STEM Outcomes instrument, the questionnaire 

was used through a deductive method to connect the predictor and outcome variables. The 

predictor variable, which is also an independent variable, was school leader actions (X), and the 

outcome variable, which was the dependent variable, was STEM student outcomes (Y). This 

relationship can be seen in Figure 3. To analyze these variables, the validated instrument was 

completed by teachers across the state of Alabama that teach any subject in grades 9-12. This 

sample should be robust because, as Gay and Airshain (2003) point out, when the population of 

the unit of analysis extends beyond 5,000 units the population size becomes irrelevant. However, 

this does not mean that the sample will ever be free from all limitations. 

Variables 

Both the predictor and outcome variables in this study were considered continuous 

variables. School leadership actions were determined through totaling the ratings on the survey 

for those specific questions, after verifying acceptable psychometric properties to support the use 

of the item scores in this way. STEM student outcomes were measured through a more complex 

method that requires research from the Alabama Department of Education (ALSDE) and Public 

Affairs Research Council of Alabama (PARCA) website. The State of Alabama requires each 

eleventh grade to complete the ACT. This test creates a STEM readiness score for each 

individual student through combining the mathematics and science section scores. According to 

a report by Mattern, Radunzel, and Westrick for ACT (2015), a STEM benchmark score of 26 

correlates to a 50% chance of getting a grade of B or a 75% chance of getting a C in a STEM 

related college level course of calculus, chemistry, physics, biology, or engineering. The ALSDE 
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then posts aggregate scores for each school and district in order to comply with federal 

regulations through the state website: 

http://ap.alsde.edu/accountability/EducationReportCard/selectschool.  

However, the outcome variable can be impacted by a variety of other variables because, 

“It is inherently difficult to obtain social science variables that behave in clear, step-like causal 

chains because people are incredibly complex organisms that think and behave in complicated 

ways that often involve feedback loops” (Jose, 2013, p. 33). This means that the school leader’s 

impact on STEM student outcomes was affected by other variables including teacher 

pedagogical strategies and the school culture. For this study, the pedagogical strategies (M) were 

considered a mediating variable while the school culture was a moderating variable (Z). Both 

were continuous variables derived from aggregate scores corresponding from the survey.  

Mediation 

Mediation is a unique type of path analysis in which the mediator is a variable that will 

“stand in between two other things and pass on the effect of one to the other” (Jose, 2013, p. 44). 

Mediator variables explain how or why effects can occur from the predictor variable to the 

outcome variable. Another definition is from Baron and Kenny (1986): “a variable has mediated 

the relationship between two other variables when the basic relationship is reduced when the 

mediating variable in included in the regression equation” (p. 1176). Thus, mediation has a 

casual aspect, but the model includes both a direct and indirect path. The direct path can be seen 

in Figure 3 while the indirect path is displayed in Figure 4.  
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Figure 3: Direct path model of mediation with statistical notation. 

 

Figure 4: Indirect path model of mediation using MacKinnon (2008) path with statistical 

notation. 

In fact, Baron and Kenny (1986) list three conditions that must occur for mediation to 

occur:  

1. The independent (predictor) variable must be significantly correlated with the mediator 

variable. 

2. The mediator variable must be significantly correlated with the dependent (outcome) 

variable. 
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3. “When the path a and b are controlled, a previously significant relation between the IV 

and DV is no longer significant, with the strongest demonstration of mediation occurring 

when the path c is zero” (p. 1176) 

However, as Jose (2013) points out, condition 3 is difficult to accomplish because “we 

customarily deal with variables that have multiple causes” (p. 31), and that for mediation, it is 

better to consider significant reductions in path c as opposed to absolute zero. These correlations 

can be determined in SPSS using the Pearson correlation with two-tailed significance. 

Additionally, condition 1 has also been contested in literature to not be a critical component for 

mediation to occur. This will also help to avoid multicollinearity between the predictor variable 

and mediating variable.   

 For this study a classical approach to mediation was utilized. Each value refers to a 

statistical notation that can be seen in Figure 3 and Figure 4. Standardized regression coefficients 

or beta-weight of a, b, c, and c’ can be determined through the SPSS by performing a 

simultaneous inclusion regression, and output was the unstandardized coefficients “B” and 

standard error. The regression equation that describes the mediation relationship is as follows: 

𝑌 = 𝑖1 + 𝑐𝑋 + 𝑒1 

Where i1 = the intercept between the IV and DV; 

c = unstandardized regression coefficient of relationship between IV and DV; 

X = predictor variable 

e1 = residual term; 
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𝑌 = 𝑖2 + 𝑐′𝑋 + 𝑏𝑀 + 𝑒2 

𝑀 = 𝑖3 + 𝑎𝑋 + 𝑒3 

Where i2 = the intercept between the IV and MedV; 

i3 = the intercept between the MedV and DV; 

a = unstandardized regression coefficient of relationship between IV and MedV; 

b = unstandardized regression coefficient of relationship between MedV and DV; 

c’ = unstandardized regression coefficient between IV and DV; 

e2 = residual term between IV and DV (variance in IV that is not explained in DV); 

e3 = residual term between IV and MedV; 

X = predictor variable; 

M = mediator variable 

 After performing this regression analysis in SPSS and checking skewness and kurtosis for 

normal distribution, the indirect effect was determined. This was also known as the size of 

reduction or the size of the mediated effect. Sobel (1982) created a significant test for this 

indirect path based on the Wald test. The z-score calculation will verify if the reduction or 

mediation was statistically significant, or “that is the amount of the basic relationship that goes 

through the indirect path from X to MedV to Y” (Jose, 2013, p. 51). The Sobel formula for z-
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score was as follows using the beta-weights from SPSS as well as the multiplicative rule of path 

analysis of a*b:  

𝑧 − 𝑣𝑎𝑙𝑢𝑒 =  
𝑎 ∗ 𝑏

√𝑏2 ∗ 𝑠𝑎
2 + 𝑎2 ∗ 𝑠𝑏

2
 

However, MacKinnon (2008) created an equation that is more closely tied to SPSS 

outputs using t-scores. Jose suggests “it is more accurate because it does not involve squaring 

very small numbers” (2013, p. 54).  

𝑆𝐸 =  
𝑎 ∗ 𝑏√(𝑡 − 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎)2 + (𝑡 − 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑏)2

(𝑡 − 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎) ∗ (𝑡 − 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑏)
 

𝑆𝑜𝑏𝑒𝑙′𝑠 𝑍 =  
𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑒𝑓𝑓𝑒𝑐𝑡 (𝑐′)

𝑆𝐸
 

 The z-score for significance of mediation was also verified using a boot strapping 

technique. Chernick (1999) suggests that this is a more robust test for mediation for test 

populations that are small or not normally distributed. Jose (2013) on page 115 describes the 

technique that is conducted in SPSS as one that, “randomly selects individuals from the original 

dataset and thereby constructs a new dataset composed of the same number of individuals. The 

specified statistical analyses were performed on this new dataset, and the outputs were stored. 

The bootstrap functions perform the dataset construction and data analysis steps multiple times 

and, by combining all of the generated outputs, more reliable estimates of the analytical outputs 

are obtained”. The strength of this indirect effect can be determined through R2 and standardized 

effect measures (MacKinnon, 2008). However, Preacher and Hayes have developed an SPSS 

macro called PROCESS that is designed for the bootstrapping technique to calculate the size of 

the indirect effect (2005). 
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Moderation 

Moderation is a unique type of ANOVA interaction in which “two independent variables 

jointly predict the dependent variable” (Jose, 2013, p. 11). Baron and Kenny (1986) indicate that 

a moderator is “a variable that affects the direction and/or strength of the relation between an 

independent, or predictor, variable and a dependent, or criterion, variable (p. 1174). A basic 

visual representation of moderation can be seen in Figure 5.  

 

Figure 5: Basic visual representation of moderation. 

For this study, the hypothesized moderator variable was the measure of school culture, 

and Jose (2013) suggests that “an ANOVA analysis will yield an interaction term between two 

IVs/predictors and that this interaction should be conceptualized as moderation” (p. 23). Jose 

also suggests that moderators can be classified based on their effect on the interaction as a buffer, 

exacerbator, enhancer, or damper. Thus, the regression equation for moderation is as follows 

with a figure showing the path model for moderation analysis in Figure 6: 

𝑌 = 𝑖1 + 𝑏1𝑋 + 𝑏2𝑍 + 𝑏3𝑋𝑍 + 𝑒1 

Where i1 = the intercept; 

School Leader 

(X) 

STEM Student Outcomes 

(Y) 

Independent Variable Dependent Variable 

School Culture 

(Z) 

Moderator Variable (ModV) 
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b1 = unstandardized regression coefficient between IV and DV; 

b2 = unstandardized regression coefficient between ModV and DV; 

b3 = unstandardized regression coefficient between interaction effect and DV; 

e1 = residual term; 

X = predictor variable; 

Z = moderator variable; 

XZ = interaction effect; 

 

Figure 6: Path model showing moderation analysis. 

 Using the guidelines of Aiken and West (1991), the interpretation of predicted 

interactions was based on graphical interactional patterns and shows “the examination of the 

statistical interaction between two IVs in predicting a DV” (Jose, 2013, p. 155). Through 

hierarchical regression in SPSS, the beta-weights and R2 change statistic of the predictor 

School Leader 

(X) 

STEM Student Outcomes 

(Y) 

b1 

School Leader by School 

Culture 

(XZ) 

School Culture 

(Z) 

b2 

b3 
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variable, moderator variable, and interaction effect can be calculated and indicate the amount of 

variance that was accounted for during each step. Through these steps, one “can see how the 

main effects are qualified (or not) by the interactions” (Jose, 2013, p. 203). Hair (2010) indicates 

that a pathway is moderated if: (1) the beta value for the group 1 variable (school culture) is 

significant while the beta for the group 2 variable (school leadership) is not significant, or (2) 

beta for both groups is significant; however, one group is positive and the other group is 

negative.  

A graphical display of the predictor variable of school leader will be on the y-axis, 

outcome variable of STEM student outcomes on y-axis, and comparison of slopes using the 

moderator variable of school culture. Based on the slope, significance was determined based on 

one of the four patterns: fan effect, triangle effect, funnel pattern, or crossover (butterfly) pattern 

(Jose, 2013). An example of a mediation graph of a fan pattern is shown in Figure 7 using 

simulated data.  
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Figure 7: Example of a mediation graph of a fan pattern using simulated data. 

Mediated Moderation 

For this study both a mediator and moderator were hypothesized to be present in 

determining the direct effect of the predictor variable of school leader actions on the outcome 

variable of STEM student outcomes. In fact, these statistical techniques are an advanced use of 

the additive effect (Jose, 2013). Baron and Kenny (1986) propose a statistical tool that combines 

both mediation and moderation, and they termed it mediation moderation. They describe this 

method to “distinguish between the properties of moderator and mediator variables in such a way 

as to clarify the different ways in which conceptual variables may account for differences in 

people’s behavior” (p. 1173). However, the main statistical methodology that includes both the 

mediator and moderator is the general linear model (GLM; Henderson, 1998).  

 This mediated moderation was based on SPSS calculations using multiple regression. 

From survey responses the final score for the variables was transformed as a total calculation of 
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the item scores from Likert scale responses of teachers. In fact, Leech, Barret, and Morgan 

(2015) lay out the assumptions for mediation and moderation by stating, “the relationship 

between each of the predictor variables and the dependent variable is linear and that the error, or 

residual, is normally distributed and uncorrelated with the predictors. Additionally, there were 

the assumptions that the variables have correct casual ordering and there no reverse causality” (p. 

145). Using SPSS, the beta-weight calculations for the predictor variable, outcome variable, 

mediating variable, moderating variable, moderator interaction effect, and their pathways was 

calculated. The model for this mediated moderation can be found in Figure 8, and this was based 

on the model discussed by Baron and Kenny (1986).  

 In order to evaluate the model through mediated moderation, a process macro must be 

utilized for analysis. Hayes (2018) provides a free downloadable macro that is written for SPSS 

to conduct mediated moderation (www.processmacro.org). This macro termed PROCESS is a 

modeling tool that uses observed variable OLS and logistic regression path analysis. The current 

PROCESS macro utilized for the study was version 3.4 which was found under the regression 

tools in SPSS. Based on the models provided by Hayes, model 7 contains a moderator (school 

culture) between the predictor variable (school leadership) and mediator (classroom pedagogy), 

and this the path analysis used in this research. 

 Analysis for the mediated moderation utilizes a high, medium, and low as a “pick-a-

point” approach as referred to by Hayes (2018). PROCESS calculates effect sizes (beta-weight 

calculations), standard deviations, significance (p), confidence level limits, and R2 values for 

both the direct and indirect pathways. Probe interactions at -1 standard deviation (low), mean 

(medium), and +1 standard deviation (high) on the moderator provide slopes of moderator 

effects. The macro generates these values as a code that can be used to create a graphical 
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representation as a line chart. The line graph as seen in Figure 7 is an example of the graph that 

was generated in SPSS.  

Additionally, the macro provides an omnibus test on the conditional indirect effect, which 

based on Hayes (2018), was calculated in the Index of mediated moderation. At a bootstrapping 

sample of 5000, the lower level (LLCI) and upper level limits (ULCI) of the 95% confidence 

interval provide an assessment of the significance of the moderator. If the null of 0 does not fall 

between LLCI and ULCI, the Index of mediated moderation was assumed to be significant. This 

means that the effect of the predictor variable on the mediator was due to the moderating 

variable.  
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Figure 8: Model of mediated moderation for study using Baron and Kenny model. 

Conclusion 

 

 The purpose of this study was to determine the direct effect that school leaders can have 

on the success of STEM student outcomes. School leaders also have indirect impacts through a 

mediating variable of teacher pedagogical strategies used in the classroom as well as a 

moderating variable of the school culture that was developed. This study was unique in that a 

pilot instrument School Leader, Culture, and Pedagogy Impacts on STEM Outcomes was 

developed and validated and then re-administered to use in mediated moderation analysis. 

Results from this population of teachers allow a school leader to understand how his or her 

actions in a school as well as the school culture that was developed will directly and indirectly 
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School Culture 

(Z)

School Leader and School 

Culture
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Pedagogical Approaches

(M)

STEM Student Outcomes
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impact the teacher pedagogical strategies utilized in the school to improve STEM education as 

well as the creation of successful STEM student outcomes.  
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CHAPTER 4: RESULTS 

 

Introduction 

 The data collected in this research study was analyzed in two distinct phases as presented 

in Chapter 4. First, the pilot survey provided measures of validation and reliability of the survey 

instrument School Leader, Culture, and Pedagogy Impacts on STEM Outcomes, and that 

included the development and evaluation of the instrument through measures of reliability, 

construct validity, and content validity. The analysis of the pilot version of the instrument 

included a focus group interview, expert judge analysis, and item analysis through both a 

classical approach and item response theory. The second phase of the results was the analysis of 

the results from the final administration of the survey. Data in this phase was analyzed through a 

combination of descriptive statistics and the advanced statistical technique of mediated 

moderation. This final analysis with various statistical tools shows quantitative connections that 

were both direct and indirect between the variables of school leadership, school culture, 

pedagogical approaches, and STEM student outcomes. 

Pilot Survey 

The pilot survey instrument development to measure impacts of pedagogical approaches, 

school leadership, and school culture on STEM student outcomes was developed and assessed in 

this research study. This pilot survey was designed to answer if the measures for STEM culture, 

school leadership, and pedagogical approaches impact on STEM student outcomes in the 

instrument has evidence of validity that would support the interpretation and use for STEM 
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education. Initially, a teacher focus group was conducted to provide qualitative information on 

the usability and potential corrections for the survey. Then, using teachers from six public high 

schools across the state of Alabama to complete the 70-question survey instrument, the data was 

analyzed for effectiveness of the instrument. The survey had a total of 64 content questions and 6 

demographic questions, but the content questions were related to classroom pedagogy (29 items), 

school leadership (15 items), and school culture (20 items). Additionally, two expert judges 

evaluated content validity by assessing each individual item for strong relevance or weak 

relevance. This combined analysis provided data and support for a final survey instrument.  

Pilot Survey Sample 

For the teacher focus group, a group of five teachers completed the pilot survey online in 

Qualtrics. The teachers in this focus group include one social studies teacher, two science 

teachers, one special education teacher, and one mathematics teacher. All these participants were 

teachers from a rural high school in central Alabama that houses a total of 574 students in grades 

ninth through twelfth (National Center for Education Statistics, 2019) with a 48% free lunch 

percentage. According to PARCA (Spencer, 2019), this school has an ACT STEM score of 18.7, 

and the school is in a multiple high school district. Three of the participants have taught for 0 to 

5 years while the other two have taught for 6 to 10 years. In terms of teacher certification for the 

state of Alabama, four of the participants have a bachelor’s degree, or Class B certification, with 

the other having an education specialist degree, or Class AA certification, but the average class 

size at the school was 21 to 30 students. 

Using G*Power 3.1.9.2, the pilot study should be ten percent of the sample population of 

the total study (Baker, 1994). Using a linear regression model with an F test, a total number of 

predictors of ten were used based on the mediation-moderation model for the three predictors of 
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pedagogical strategies, school leadership, and school culture. Based on these factors with an 

effect size of 0.20 and a computed critical F of 2.79395, a total sample size for the study was 60 

schools. This results in thirty schools from multiple high school districts and thirty schools from 

single high school districts. Thus, for the pilot study, ten percent of the total sample was six 

schools meaning three from multiple high school districts and three from single high school 

districts.  

 

Figure 9: Screen for G*Power calculation of sample size. 

A stratified random sample was utilized to find a sample of respondents in the state of 

Alabama. This stratified random sample was applied to reduce the population to a smaller 

sample size of public high schools to be studied (Babbie, 1990). A particular characteristic for 

this type of sampling was that the population was divided into groups or strata. Random samples 

of schools were then chosen from these groups. In the state of Alabama, 366 public high schools 

were found through a search.  
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For this study, two strata were created, and these include public high schools from 

multiple high school districts and schools from single high school districts. Each school was 

assigned a random number in Microsoft Excel using the function “=randbetween()”. For 

example, there were 77 public single high schools in a district, so each school was assigned a 

random number between 1 and 77 using “=randbetween(1,77)”. There were 289 high schools in 

multiple high school districts, so the function was “=randbetween(1,289)”.  

The first 33 schools in a single high school district (assigned numbers 1 through 33) and 

the first 33 schools in multiple high school districts were selected to be invited to participate in 

the research study. However, for the pilot survey, the first three schools in each of the two 

categories were invited to participate in the pilot study. That meant that schools assigned the 

numbers one, two, and three were selected as pilot student participants, and schools that were 

randomly assigned numbers 4 through 33 were invited to complete the final survey. The schools 

were invited and confirmed as participants through an email and confirmation with the principal 

at that school. If the school principal did not return the email or refused to allow the teachers in 

that school to participate, the school with the next random number was invited to participate.  

For the pilot survey population, teachers from six schools provided responses to the 

survey instrument. School 1 is a rural 9 to 12 school found in northeast Alabama, and the school 

was in a multiple high school district. It had an average ACT STEM score of 16.6 with a total of 

538 students and free lunch percentage of 75%. The student population at School 1 was 58% 

white, 40% Hispanic, and 1% other. School 2 was a single high school in the district but in a 

large suburb with grades 7 to 12, and it is located in southwest Alabama. This school had an 

average ACT STEM score of 16.1 with 262 students in grades 9 to 12 and a free lunch rate of 

75%. It has a student population that was 25% white, 4% Hispanic, 70% African American, and 
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1% other. School 3 was in a single high school district from north Alabama with grades 9 to 12 

located in a town. The 262-student population had a free lunch rate of 28% and an average ACT 

STEM score of 21.2 with the demographics at 88% white, 8% Hispanic, 4% other. School 4 was 

a 9 to 12 school located in large suburb of a multiple high school district in southwest Alabama. 

It had 952 students with a 65% free lunch rage and ACT STEM score of 16.4 and included 

demographics of 95% African American, 1% White, and 2% other. School 5 was also a suburb 

school, but it was in a single high school district and housed grades 7 to 12 in southwest 

Alabama. The school had 758 students in grades 9 to 12 with an average ACT STEM score of 

19.5 and free lunch rate of 32%. The demographics at the school included 81% white, 12% 

African American, 1% Hispanic, and 6% other. Finally, School 6 was in north Alabama in a rural 

community with 321 students in grades 9 to 12. It is in a multiple school district with an average 

ACT STEM score of 19.1 and free lunch rate of 44%. The demographics included 86% white, 

10% Hispanic, and 4% other.  

In total 94 teachers including social studies, science, mathematics, English, and special 

education responded to the survey. However, only 60 teachers completed the entirety of the 

survey. These 60 respondents were employed in six different schools including, 7 from School 1, 

10 from School 2, 15 from School 3, 11 from School 4, 10 from School 5, and 7 from School 6. 

Each of these schools were located in a different school district in Alabama with three from 

multiple high school districts and three from single high school districts. In all six schools there 

was a total of 174 teachers, and the 60 respondents was a response rate of 34%.  

In terms of content validity, two expert judges analyzed each question for weak or strong 

relevance to the three constructs of pedagogical strategies, school leadership, or school culture to 

STEM. Expert judge one was a former superintendent and current college professor at a 
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university in Alabama. This judge was also formerly employed by NASA and was a grant 

evaluator for the National Science Foundation. The second expert judge was a superintendent for 

the last ten years, but the judge has an emphasis on beginning unique STEM programs in those 

systems including robotics, engineering, and computer science. 

Pilot Survey Data Collection 

The survey was created as an on-line survey to be completed using internet access 

through the Qualtrics software. It contains a total of 70 questions. Of these questions, 64 items 

ask questions pertaining to respondent attitude towards effective STEM pedagogy as well as 

school leadership and school culture support of STEM education. Of the 64 items, 29 items were 

related to classroom pedagogy, 15 related to school leadership, and 20 related to school culture. 

These survey items utilize a Likert scale with a four-item response set that included strongly 

disagree, disagree, agree, and strongly agree. The remaining 6 questions include demographic 

questions about the teacher including years of service in education, primary content area taught, 

the average number of students taught in class, the level of teacher certification, the school and 

school system in which the respondent teaches.  

 This instrument was developed in an online survey program called Qualtrics. Anyone 

with the link to the survey could complete the survey, and this link did not track email addresses. 

That feature allows for the survey to be completed anonymously by respondents.  

The focus group interview survey instrument was open for ten days beginning February 

27, 2019, and teacher focus group with all five teachers at the focus group high school was 

conducted on March 20, 2019. The interview was guided by a ten question, semi-structured 

protocol focused on teachers’ views of the usability of the survey, and their individual opinions 

on the focus of the survey. Each teacher in the focus group completed the on-line survey through 
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Qualtrics prior to the focus group. These questions ask the respondent in the focus group about 

his or her individual ideas of STEM education as compared the definition in the survey, thoughts 

on the survey, issues regarding clarity of questions, and issues or problems completing the 

survey.  

For the pilot survey, the survey was open for 53 days beginning April 9, 2019, and an 

adequate response rate of 34% of the population completed the survey. The principal at each of 

the six schools distributed the survey link through a faculty wide email, and the email contained 

a hyperlink to the survey. Responses from the survey data collection were automatically loaded 

into Microsoft Excel and then converted to SPSS for analysis. 

For the expert judge analysis, the judges were provided the expert judge protocol, 

directions, and a hyperlink to the survey on May 6, 2019. The responses regarding relevance of 

individual questions were provided in June of 2019 through email. 

Pilot Survey Data Analysis 

For the teacher focus group interview, data were collected and transcribed based on the 

answers provided by the teachers. The interview was recorded and transcribed following the 

interview for commonalities in using the survey. Notes were developed to provide improvements 

for the final survey. 

 In terms of the pilot survey, data collected from Qualtrics was downloaded into a 

Microsoft Excel spreadsheet, and this allowed the data to be converted to the statistical analysis 

software SPSS and Winsteps. Once the data was in a readable format for SPSS and Winsteps, 

frequency of answer responses were analyzed for the removal of any survey respondents. The 

responses were analyzed through two measurement models including classical test theory and 



102 

 

item response theory (IRT). However, the classical test theory was evaluated through SPSS and 

the item response theory was evaluated using Winsteps (Linacre, 2014).  

Focus Group Results Analysis. In terms of the teacher focus group, the five teachers 

feel the survey could be improved by providing more information on STEM education at the 

beginning of the survey. Several times during the interview, the respondents cited that the 

definition of STEM was too broad in the survey. This forced the respondent to stop and think 

about how the question was related to the three variables as well as STEM education. This could 

be improved by providing more directions before the survey such as an example that describes 

STEM education as media, gathering information, hands-on, engaging, challenging, models, 

applying, and looking at data according to the focus group. This should improve question 

answers as the respondent will better understand how the three variables were related to the 

specific question. 

 The focus group did note that instructions were clear for the survey completion, and that 

the hyperlink to the survey made it easy to complete on phone or computer. The group felt 

instructions for completing the survey were clear. But it was noted that the respondents would 

like a progress bar or saying the number of questions at the beginning of the survey so he or she 

would know how close they were to complete the survey. All five the participants in the focus 

group completed the survey within ten to twenty minutes. Specifically, in terms of questions, 

respondents in the focus group feel as through question 34 was too broad and there was a lack of 

familiarity with the ideas behind question 41.   

Pilot Survey Results Analysis. In this pilot survey of teacher’s attitudes on effective 

pedagogy, school leadership, and school culture on STEM education, the original sample 

included 94 participants. These participants were selected using a stratified random sample by 
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choosing six schools, three of which were located in single high school districts and three were 

located in multiple high school districts. However, 34 subject surveys were removed the sample 

population due to a failure to complete the entirety of the questionnaire. The remaining 

population of 60 includes teachers from different content areas including 11 career and technical, 

7 English or language arts, 13 mathematics, 13 science, 9 social studies, and 7 special education. 

Also, 31 of the teachers have a Class A certification (Master’s degree), 7 a Class AA certification 

(Education Specialist degree), and 22 a Class B certification (Bachelor’s degree), and 16 teachers 

taught 0 to 5 years, 15 taught 6 to 10 years, 21 taught 11 to 20 years, and 8 taught more than 20 

years. In terms of student data using the ACT and free and reduced lunch counts for 

socioeconomic status (SES) as indicators, 32 teachers taught in a school with 25 to 50% free and 

reduced and 28 teachers taught in a school with 51 to 75%. Using the ACT STEM score, which 

was a combination of the ACT mathematics and science sections, 28 teachers taught in a school 

where the average ACT STEM score was between 16 and 18.9, 17 in a school where the score 

was between 19 and 20.9, and 15 teachers in a school with a score of 21 or more. Figure 1 

indicates the average ACT STEM score for Alabama, national, and the college readiness 

indicator as provided by ACT (Spencer, 2019).  
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Figure 10: Graphical comparison of average STEM scores. 

Classical Test Theory Results Analysis. The original survey of 64 items and 6 

demographic questions was used for this pilot study on variables that impact STEM education. 

Evidence related to reliability and validity was conducted separately on questions pertaining to 

the three variables of classroom pedagogy, school leadership, and school culture. These validity 

and reliability measures were calculated using SPSS. 

The original pilot instrument has a reliability coefficient using Cronbach’s alpha of .969 

for classroom pedagogy, .928 for school leadership, and .937 for school culture. The internal 

consistency of the instrument was improved by removing items that had item-to-total 

correlations with low item-total correlation values. According to Leech, Barrett, and Morgan 

(2015), a moderately low item-total correlation that should be removed was any item below 0.40. 

However, other research also suggests that any correlation value below 0.5 should be removed 
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(Nunnally, & Bernstein, 1994). Thus, for this study, the threshold value for item-total correlation 

was considered to be 0.45, and any question below this threshold was removed. The removal of 

questions with these low correlation values improved the internal consistency of the survey. 

There were 5 items dropped from the survey including questions 21, 25, 29, 40, and 64 because 

of the 0.45 item-total correlation threshold: 

21. I use direct instruction (ex. Lecture) in the classroom to improve STEM 

student outcomes.        

25. Student engagement increases when concepts are connected to ideas in all 

content areas. 

29. STEM pedagogy in the classroom require more frequent observations from 

school leadership. 

40. I share experiences through collaboration with my colleagues on effective 

supervision of STEM classroom approaches. 

64. Teachers seek alternatives to STEM classroom issues rather than repeating 

what has been historically done when supported by school leadership. 

A revised instrument was then determined consisting of 59 items with a Cronbach’s alpha 

coefficient of .971 for classroom pedagogy (26 items), .939 for school leadership (14 items), and 

.938 for school culture (19 items). Of the 59 remaining items the lowest item-to-total correlation 

for classroom pedagogy was .607 with the highest being .864, for school leadership the lowest 

was .544 with the highest being .837, and for school culture the lowest was .463 with the highest 

being .846. High item-to-total correlations support the internal consistency reliability of the 

instrument. A standard deviation of 15.38 for classroom pedagogy, 7.61 for school leadership, 
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and 9.10 for school culture was established with the standard error of measurement found for the 

variables to be 2.62, 1.88, and 2.27, respectively. The values are shown in Table 1. 

Table 2: Reliability Results for Three Variables Impact on STEM Education 

Variable 

Initial 

Cronbach’s 

Alpha 

Final 

Cronbach’s 

Alpha 

Standard 

Deviation 

Standard 

Error of 

Measurement 

Classroom Pedagogy .969 .971 15.38 2.62 

School Leadership .928 .939 7.61 1.88 

School Culture .937 .938 9.10 2.27 

The survey responses were then subjected to an exploratory factor analysis (EFA) with a 

varimax rotation. EFA was useful in providing construct-related validity evidence for the 

instrument, and varimax rotation “creates a solution in which the factors are orthogonal 

(uncorrelated with one another), which can make results easier to interpret and to replicate in 

future samples” (Leech, Barrett, & Morgan, 2015, p. 71). Factor analysis provides some of the 

tools needed to define the underlying dimensions of variables in construct validity. For 

classroom pedagogy, of the 26 factors, there were three factors with an eigenvalue of 1.00 or 

greater. The first factor explains 34% of the variance with the three factors explaining 72% of the 

variance. For school leadership, of the 14 factors, there were two factors with an eigenvalue of 

1.00 or greater. The first factor explains 38% of the variance with the two factors explaining 68% 

of the variance. For school culture, of the 19 factors, there were three factors with an eigenvalue 

of 1.00 or greater. The first factor explains 36% of the variance with the three factors together 

explaining 70% of the variance. A scree plot verifies the extraction of three factors for classroom 

pedagogy, two factors for school leadership, and three factors for school culture as shown in 

Figure 11, Figure 12, and Figure 13. A scree plot used eigenvalues and groups the factors 

according to the point where eigenvalues level off and begin to form a straight line. 
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Figure 11: Scree plot showing eigenvalues of the 26 factors for classroom pedagogy construct. 

 
Figure 12: Scree plot showing eigenvalues of the 14 factors for school leadership construct. 

 



108 

 

 
Figure 13: Scree plot showing eigenvalues of the 19 factors for school culture construct. 

After examining the principal components for each of the three variables, a three-factor 

solution for classroom pedagogy, a two-factor solution for school leadership, and a three-factor 

solution for school culture were retained. These provide the best simple structures. These item 

loadings were all above .487 for classroom pedagogy (Table 2), .513 for school leadership 

(Table 3), and .608 for school culture (Table 4) which presents evidence to the construct validity 

for the instrument. The underlying dimensions identified for each factor for classroom pedagogy 

were as follows: I) Teacher and student actions, II) Classroom activity, and III) Motivation. The 

underlying dimensions identified for each factor for school leadership were as follows: I) 

Support and development and II) Implementation. The underlying dimensions identified for each 

factor for school culture were as follows: I) Modeling, II) Sense making, and III) Pedagogy 

efficacy. A visual model of these pathways with subcategories can be seen in Figure 14. 
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Table 3: Item Loadings of Factor Analysis Organized by Component for Classroom Pedagogy 

Component (Factor) 

Question I II III 

Q1 .908   

Q3 .813   

Q10 .799   

Q4 .777   

Q5 .754   

Q16 .729   

Q2 .705   

Q11 .683   

Q7 .677   

Q9 .651   

Q6 .639   

Q13 .637   

Q8 .632   

Q12 .596   

Q15 .590   

Q14 .576   

Q22 .492   

Q20  .768  

Q17  .656  

Q18  .617  

Q24  .565  

Q27   .862 

Q28   .843 

Q26   .821 
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Table 3: Item Loadings of Factor Analysis Organized by Component for Classroom Pedagogy 

(Continued) 

Q23   .578 

Q19   .487 

 

Table 4: Item Loadings of Factor Analysis Organized by Component for School Leadership 

Component (Factor) 

Question I II 

Q35 .861  

Q39 .816  

Q37 .808  

Q41 .790  

Q36 .776  

Q38 .647  

Q32 .608  

Q33 .604  

Q44  .830 

Q31  .823 

Q30  .792 

Q43  .670 

Q34  .591 

Q42  .513 
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Table 5: Item Loadings of Factor Analysis Organized by Component for School Culture 

Component (Factor) 

Question I II III 

Q50 .860   

Q51 .825   

Q45 .824   

Q47 .781   

Q49 .775   

Q52 .767   

Q46 .762   

Q56 .719   

Q48 .695   

Q54 .689   

Q55 .639   

Q62  .924  

Q63  .818  

Q60  .773  

Q57  .724  

Q61  .670  

Q58   .718 

Q53   .669 

Q59   .608 
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Figure 14: Mediated moderation model of pathways including construct subcategories. 

SPSS was used for data analysis to determine significant differences and relationships 

between demographics on survey items. ANOVA, t test, and chi square analyses were done. A 

significance level of .05 was used for each analysis. 

A combination of three demographic questions was used to analyze individual teacher 

demographic perceptions of pedagogical strategies, school leadership, and school culture impacts 

on STEM education. These demographics include years of teaching experience, content area, and 

certification level. It was assumed that any demographic with a skewness (G) below one was 

considered to have a normal distribution (Morgan, Leech, Gloeckner, & Barrett, 2015). All 

demographics, with the exception of one, displayed approximately normal distributions with 

years of experience at G = .028, content area taught at G =.132, certification at G =.275, school 

taught at G =.065, multiple versus single highs school at G =.347, socioeconomic status at 
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G=.137, and STEM scores at G =.428. The average class size was observed to not have a normal 

distribution as the skewness was G = -1.194.  

 
Figure 15: Histogram for years of experience from study respondents (1=0 to 5 years, 2=6 to 10 

years, 3=11 to 20 years, 4=more than 20 years). 
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Figure 16: Histogram for content area taught from study respondents (1=English or language 

arts, 2=mathematics, 3=science, 4=social studies, 5=Career technical, 6=special education). 

 

 
Figure 17: Histogram for average class size from study respondents (1=0 to 10, 2=11 to 20, 

3=21 to 30, 4=more than 30). 
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Figure 18: Histogram for school taught from study respondents (1=School 1, 2=School 2, 

3=School 3, 4=School 4, 5=School 5, 6=School 6). 

An ANOVA at α = .05 was performed, and a one-way ANOVA was utilized for each 

dependent variable of classroom pedagogy, school leadership, and school culture because for the 

pilot survey the interaction between these three variables was not relevant. Thus, each construct 

was run as a separate dependent variable for the construct impact on a specific demographic. The 

score for each of the three dependent variables was transformed based on the sum of the scores 

from the opinion or agreement level of the teachers to the questions related to that construct. 

In terms of teacher-controlled demographics a significant difference was not found for 

scores between the years of teaching experience on any of the three variables, F(3, 59) = 

419.835, p = .148, η2 = .842 for classroom pedagogy, F(3, 59) = 19.938, p = .802, η2 = .826 for 

school leadership, and  F(3, 59) = 23.060, p = .848, η2 = .600 for school culture. This was true 

for subject content area also, F(5, 59) = 367.576, p = .166, η2 = .723 for classroom pedagogy, 
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F(5, 59) = 29.549, p = .783, η2 = .266 for school leadership, and  F(5, 59) = 71.285, p = .521, η2 

= .393 for school culture. There was also not a significant difference for certification levels for 

classroom pedagogy F(2, 59) = 7.971, p = .968, η2 = .898, school leadership F(2, 59) = 76.146, p 

= .273, η2 = .429 or school culture,  F(2, 59) = 184.180, p = .107, η2 = .600. This meant that a 

post-hoc test was not necessary because there was not a significant difference for either 

demographic variable. 

Table 6: One-way ANOVA outputs on each of the three variables considered separately for 

teacher-reported demographics based on scores of teacher opinions 

Variable Demographic 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Effect 

Size 

(η2) 

Classroom 

pedagogy 

Years of teaching 1259.506 3 419.835 1.853 .148 .842 

School 

leadership 

Years of teaching 59.813 3 19.938 .333 .802 .826 

School culture Years of teaching 69.181 3 23.060 .268 .848 .600 

Classroom 

pedagogy 

Subject content 

area 

1837.878 5 367.576 1.639 .166 .723 

School 

leadership 

Subject content 

area 

147.746 5 29.549 .488 .783 .266 

School culture Subject content 

area 

356.425 5 71.285 .849 .521 .393 

Classroom 

pedagogy 

Teacher 

certification level 

15.941 2 7.971 .033 .968 .898 

School 

leadership 

Teacher 

certification level 

152.291 2 76.146 1.330 .273 .429 

School culture Teacher 

certification level 

368.361 2 184.180 2.322 .107 .600 

Note. N = 59. 
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Further analyses were done using chi-square to determine if there were any differences 

between teacher-controlled demographics and the individual items on the survey. There was a 

significant relationship at α = .05 between the years of teacher experience and items 1, 2, 3, 4, 7, 

8, 9, 10, 13, 14, 15, 16, 22, 27, 28, and 57. A significant relationship was discovered between the 

content area taught and item 8. A significant relationship was discovered between the teacher 

certification level and items 4, 15, 16, 17, 30, 31, 50, 53, 57, 58, and 61. Due to a lack of 

minimum responses for all items related to the demographics, the categories of strongly disagree 

and disagree were collapsed to represent a disagreement category, and the categories of agree 

and strongly agree were collapsed to represent an agreement category. 

A combination of five demographic questions were used to analyze school level 

controlled demographic perceptions of pedagogical strategies, school leadership, and school 

culture impacts on STEM education. These demographics include class size, individual schools, 

school STEM score (an average of the ACT mathematics and science score), multiple school 

district (one high school or multiple high schools in district), and socioeconomic status 

(percentage of students reported on free and reduced lunch). The school level demographics were 

analyzed using a one-way ANOVA for each of the three variables of classroom pedagogy, 

school leadership, and school culture because each variable was considered separately and not 

for interactions.  

An ANOVA at α = .05 was performed and a significant difference was not found for sum 

scores of each variable based on teacher opinions between the class sizes on any of the three 

variables, F(3, 59) = 198.211, p = .482, η2 = .743 for classroom pedagogy, F(3, 59) = 51.445, p = 

.455, η2 = .429 for school leadership, and  F(3, 59) = 62.011, p = .534, η2 = .600. This was also 

true for the individual schools, F(5, 59) = 198.549, p = .536, η2 = .835 for classroom pedagogy, 
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F(5, 59) = 67.769, p = .327, η2 = .668 for school leadership, and  F(5, 59) = 69.933, p = .533, η2 

= .176 for school culture. There was not a significant difference between the school STEM 

scores as well, F(2, 59) = 154.245, p = .529, η2 = .871 for classroom pedagogy, F(2, 59) = 

83.717, p = .239, η2 = .571 for school leadership, and  F(2, 59) = 127.123, p = .218, η2 = .333 for 

school culture. This means that a Tukey post-hoc test was not necessary because there was not a 

significant difference for either demographic variable, but all ANOVA results are shown in 

Table 6. 

A t-test was performed, and a significant difference was not found for any of the three 

variables in relation to being in a multiple or single high school district or socioeconomic status. 

The number of high schools in district show no difference for classroom pedagogy, t(58) = 

1.918, p = .060, d = .496, school leadership, t(58) = 1.871, p = .066, d = .485, or school culture, 

t(58) = 1.598, p = .115, d = .419. The SES show no difference for classroom pedagogy, t(58) = 

1.145, p = .257, d = .292, school leadership, t(58) = 1.693, p = .096, d = .433, or school culture, 

t(58) = 1.690, p = .096, d = .434. 

Table 7: One-way ANOVA outputs on each of the three variables considered separately for 

school level demographics based on scores of teacher opinions 

Variable Demographic 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Effect 

Size 

Classroom 

pedagogy 

Class size 594.632 3 198.211 .831 .482 .743 

School leadership Class size 154.336 3 51.445 .883 .455 .429 

School culture Class size 186.034 3 62.011 .738 .534 .600 

Classroom 

pedagogy 

Individual school 992.744 5 198.549 .827 .536 .835 

School leadership Individual school 338.847 5 67.769 1.190 .327 .668 

School culture Individual school 349.666 5 69.933 .832 .533 .176 
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Table 7: One-way ANOVA outputs on each of the three variables considered separately for 

school level demographics based on scores of teacher opinions (Continued) 

Classroom 

pedagogy 

School STEM 

score 

308.489 2 154.245 .644 .529 .871 

School leadership School STEM 

score 

167.434 2 83.717 1.469 .239 .571 

School culture School STEM 

score 

254.246 2 127.123 1.543 .218 .333 

Note. N = 59. 

Further analyses were done using chi-square to determine if there were any differences 

between school level demographics as reported by the teacher and the individual items on the 

survey. There was a significant relationship at α = .05 between the average class size and items 

2, 11, 37, 41, 55, 59. A significant relationship was discovered between the individual school and 

items 8, 14, 18, 20, 23, 26, 27, 31, 32, 38, 39, and 59. A significant relationship was discovered 

between being in a single school or multiple school district and items 8, 20, 23, 26, 27, 30, 31, 

32, 38, 41, 43, 49, and 62. A significant relationship was discovered between SES and items 52 

and 59. A significant relationship was discovered between the school ACT STEM score and 

items 8, 20, and 38. Due to a lack of minimum responses for all items related to the 

demographics, the categories of strongly disagree and disagree were collapsed to represent a 

disagreement category, and the categories of agree and strongly agree were collapsed to 

represent an agreement category. 

Item Response Theory (Rating Scale Model) Results Analysis. Analysis using item 

response theory provided increased insight into item calibration and item fit for specific items. 

Similar to the classical test theory, questions 21, 25, 29, 40, and 64 did not fit within the survey 

as the infit and outfit mean square were not approximately one, and the infit and outfit 

standardized version were not within a tolerance of plus or minus 2.0. Additionally, questions 9, 
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13, 15, 20, 28, 30, 37, and 54 also fell outside of these infit and outfit calibrations. Therefore, 

these additional items were also removed from the survey.  

Table 8: Calibration values from Winsteps for each of three constructs separately in survey 

ENTRY 

NUMBER 

TOTAL 

SCORE 

TOTAL 

COUNT 
MEASURE 

MODEL 

S.E. 

INFIT 

MNSQ 

INFIT 

ZSTD 

OUTFIT 

MNSQ 

OUTFIT 

ZSTD 

PTMEASURE 

CORR. 

Classroom Pedagogy 

Q9 174 60 .09 .25 .47 -3.0 .46 -3.0 .84 

Q13 173 60 .15 .25 .50 -2.8 .49 -2.8 .85 

Q15 154 60 1.20 .22 .63 -2.2 .68 -1.5 .79 

Q20 166 60 .56 .24 1.58 2.5 1.62 2.4 .61 

Q21 169 60 .39 .24 2.19 4.3 2.69 5.2 .40 

Q25 198 60 -1.51 .26 1.75 3.5 1.59 2.2 .42 

Q28 185 60 -.62 .26 1.60 2.5 1.45 1.9 .68 

School Leadership 

Q29 148 60 1.51 .21 1.67 3.3 1.88 3.9 .39 

Q30 187 60 -.82 .27 1.77 2.9 1.64 2.3 .60 

Q37 174 60 .11 .26 .55 -2.3 .48 -2.6 .79 

Q40 169 60 .43 .25 1.62 2.4 1.41 1.6 .42 

School Culture 

Q54 173 60 .53 .24 .51 -2.7 .44 -2.9 .78 

Q64 185 60 -.25 .27 1.59 2.2 1.33 1.3 .47 

 

Content Validity of Pilot Survey. In the content validity analysis of the survey, the 

expert judges analyzed each individual question in relation to the three constructs to STEM 

education, and the questions were analyzed for relevance. Expert judge one ranks 3 questions as 

weak relevance (1), 11 questions as slight relevance (2), 38 questions as moderate relevance (3), 

and 12 questions as strong relevance (4). Expert judge two ranks 20 questions as moderate 
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relevance and 44 questions as strong relevance. When these results were placed into the two-by-

two agreement box, the two judges agree that a total of 50 questions had strong relevance 

meaning the questions were given a 3 or 4 by the judges.  

 

Figure 19: Results of expert judge analysis of S-CVI. 

 These results were then used to calculate the coefficient of content validity (S-CVI) using 

the formula: 
50

(50+14)
. Thus, the coefficient of content validity result was 0.7813 or 78.13%. 

According to Gregory and Prion (2016), a S-CVI or overall score that exceeds 0.70 was an 

acceptable threshold of content validity for an instrument. When analyzing the answers of the 

expert raters, question 5 receives a rating of 1 from judge 1 and rating of 3 from judge 2, and in 

the qualitative information provided by the judges, it was indicated that this question was “the 

opposite principal expected from students so why should teachers know all answers”. Due to this 

analysis, question 5 was also removed. 

5. I am confident that I can answer students’ STEM questions. 

Thus, the analysis of the survey instrument removed 14 questions. These include 

questions 5, 9, 13, 15, 20, 21, 25, 28, 29, 30, 37, 40, 54, and 64. Removing these from both the 

11111111111111 
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111111111111111
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111111111111111
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weak relevance and strong relevance categories results in the following coefficient calculation: 

39

(39+11)
 = 78.00% . The new S-CVI of 0.78 was still above the threshold of 0.700, so a coefficient 

of content validity of 78% was considered acceptable for this study. 

Pilot Survey Validation Conclusions 

A combination of reliability, content validity, and construct validity evidence were 

utilized to prepare the pilot survey for full administration. For the pilot survey a total of 70 

survey items were used in the instrument with 64 content and 6 demographic questions. One 

issue in the pilot survey population was the large standard deviation that occurs in the three 

constructs. This large amount of variation could be due to a couple of possible reasons that 

include a diverse teacher understanding and interpretation of STEM education or the small 

sample size of teachers that completed the pilot survey. STEM was not clearly defined or 

understood by many teachers, so the instructions added to the survey could potentially reduce the 

elevated standard deviations. This variety of understanding could be seen in the demographic 

ANOVA values as the different content areas and years of teaching experience showed a wide 

gap in scores.  

However, based on the reliability and construct validity evidence, 13 questions were 

removed including 9, 13, 15, 20, 21, 25, 28, 29, 30, 37, 40, 54, and 64. From the content validity 

evidence, one question was removed including 5. The final survey instrument was reduced by 14 

content items, so the final survey contains 50 content questions and 6 demographic questions for 

a total survey instrument of 56 questions.  

Final Survey  

 Using the final instrument of 56 questions, the survey was administered to public high 

schools across the state of Alabama. A total of 61 schools participated in the study by completing 
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the survey, and the data was analyzed using the statistical software package SPSS to test for 

significance. The data set was analyzed using descriptive statistics, regression with mediated 

moderation, and a comparison of means using ANOVA and t-tests.  

Final Survey Sample 

A total of 145 public high schools in Alabama were invited to participate in the study, 

and teachers from 61 schools completed the survey. Principals from 145 schools received an 

email with the link inviting the teachers at the school to participate in the study, and this resulted 

in a school response rate of 42% with 250 teachers completing the survey. Schools included in 

final population scored in a range from 15.4 to 23.9 on the STEM score of the 2018 ACT. A 

breakdown of demographics includes years of teaching, content area, average class size, level of 

certification, socioeconomic status of school through free lunch, and the number of high schools 

in the system.  

Table 9: Frequency of final sample and percentage of total sample for population demographics 

Demographic Category Frequency 

Percent of 

Total Sample 

Content Area 

English or Language Arts 36 14 

Mathematics 39 15.6 

Science 64 25.6 

Social Studies 29 11.6 

Career and Technical 38 15.2 

Fine Arts 11 4.4 

Physical Education 6 2.4 

Special Education 16 6.4 

Media and Technology 5 2 

Foreign Language 7 2.8 

Years Teaching 

0 to 5 years 36 14.4 

6 to 10 years 51 20.4 

11 to 20 years 96 38.4 

21 or more years 67 26.8 

 



124 

 

Table 9: Frequency of final sample and percentage of total sample for population demographics 

(Continued) 

Number of Students 

in Classroom 

0 to 10 students 9 3.6 

11 to 20 students 48 19.2 

21 to 30 students 183 73.2 

31 or more students 10 4 

        

Teacher 

Certification 

Class B (bachelor's program) 76 30.4 

Class A (master's program) 138 55.2 

Class AA (sixth-year program) 27 10.8 

Alternative Baccalaureate Level 

Certificate (BAC) 9 3.6 

        

SES (% of free 

lunch at School) 

0 to 25% 54 21.6 

26 to 50% 139 55.6 

51 to 75% 53 21.2 

76 to 100% 4 1.6 

        

Single or Multiple 

High Schools 

Single High School District 95 38 

Multiple High School District 155 62 

        

ACT STEM Score 

15 to 16.9 13 5.2 

17 to 18.9 139 55.6 

19 to 20.9 57 22.8 

21 to 22.9 29 11.6 

23 or higher 12 4.8 

 

Final Survey Data Collection 

Using the 56-item final version of the instrument, the survey was delivered through email 

with a link to the survey in the online software Qualtrics. This survey includes 50 questions 

regarding teacher opinions of teaching strategies, school leader actions, or school culture as 

related to teacher belief of effective STEM practices. These questions have a Likert rating scale 

for teacher opinions including strongly disagree, disagree, agree, or strongly agree. The final 6 

questions included demographic information related to the teacher including content area taught, 
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teacher certification, number of students in the classroom, school socioeconomic status, number 

of years in education, school currently teaching, and school district. 

Principals at 145 schools were invited to have teachers participate in the study, and these 

principals were invited through an initial email. These schools were selected through stratified 

random sampling of public high schools in Alabama. The email addresses for the principals were 

obtained through the school websites, and a survey link was distributed through a faculty wide 

email with a hyperlink to the survey. Of these 145 schools, teachers at 61 schools completed the 

survey. With 61 schools in which teachers responded, there is a response rate of 42.09%, and a 

total of 250 teachers completed the survey. 

 The survey was initially delivered through email to principals at the selected schools on 

September 9, 2019. After 56 consecutive days the online survey availability was closed, and this 

occurred on October 28, 2019. Additionally, a reminder email was delivered to the principal 

email addresses on the following dates: September 16, 2019, September 21, 2019, September 30, 

2019, October 7, 2019, and October 16, 2019. Responses from the survey data collection were 

automatically loaded into Microsoft Excel and then converted to SPSS for analysis. 

Final Survey Data Analysis  

The goal of the research is to assess teacher perceptions of how a school leader impacts 

STEM learning in a school both directly and indirectly. Using the data collected in the survey, 

the study first hypothesizes that school leadership has a direct impact on the teaching strategies 

(projects and questioning strategies) and thus learning indirectly. Second, school culture, such as 

involvement of teachers in decisions, moderates school leadership on improving the teaching 

strategies used in the classroom. 
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 Teacher responses to the questions were analyzed using a variety of statistical tools. 

These include descriptive level analysis, regression through mediated-moderation, and 

comparison using ANOVA and t-tests. Data from the sample was conducted as an aggregate 

population as well as disaggregated based on demographic responses. Responses are also 

analyzed based on subcategories from the factorial analysis results of the pilot survey. These 

include teacher and student actions, classroom activity, and motivation in classroom pedagogy, 

support and development, and implementation in school leadership, and modeling, sense making, 

and pedagogy efficacy in school culture. Analysis in all areas were conducted using the 

statistical software SPSS.  

 The three variables of school leadership, school culture, and classroom pedagogy were 

calculated through responses by teachers on survey items, and the variables were computed 

through transformation in SPSS. Each survey item for a particular variable was summed for a 

total score for that variable through the transformation. For example, classroom pedagogy was 

transformed in SPSS by adding together individual teacher responses on survey items 1 through 

20. The school leadership was transformed through the addition of survey items 21 through 32, 

and school culture using survey items 33 through 50. Additionally, each subcategory for the 

three variables was computed in a similar manner using the survey item responses. Final values 

for the variables as computed in the transformation can be seen in Table 10. While the possibility 

for total points in each category or sub-category are not equal due to differing number of 

questions in each category, the anchors of the scale and subscales for total possible points is 

listed underneath the category name in the table. Higher scores reflect increased levels of teacher 

perception of the relationship of that category towards STEM education with lower scores 

indicating lower levels of agreement towards the impact of that category towards STEM 
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learning. In other words, when considering the total scores from a construct perspective, as 

agreement of the teachers increases, teacher belief that the particular construct or subconstruct’s 

impact on STEM student outcomes increases. 
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Table 10: Combined average survey responses by demographic for the three constructs and subconstructs 

          Classroom Pedagogy School Leadership School Culture 

Demographic Category 

Classroom 

Pedagogy 

(80) 

School 

Leadership 

(48) 

School 

Culture 

(72) 

Teacher 

and 

Student 

Actions 

(52) 

Classroom 

Activity 

(12) 

Motivation 

(16) 

Support and 

Development 

(28) 

Implemen

tation 

(20) 

Modeling 

(40) 

Sense 

making 

(20) 

Pedagogy 

Efficacy 

(12) 

Content Area 

English or 

Language Arts 
61.63 36.34 56.89 39.63 9.06 12.94 20.54 15.80 31.17 16.34 9.37 

Mathematics 58.54 32.49 51.23 37.97 8.31 12.26 18.15 14.33 27.90 15.64 7.69 

Science 64.00 34.47 53.67 41.94 9.16 12.91 19.09 15.38 29.06 16.22 8.39 

Social Studies 59.48 36.00 55.45 38.41 8.76 12.31 20.48 15.52 30.41 16.07 8.97 

Career and 

Technical 
62.82 35.50 54.39 40.79 9.26 12.76 20.39 15.11 30.03 15.66 8.71 

Fine Arts 63.00 34.82 52.55 40.36 9.91 12.73 19.36 15.45 28.55 16.09 7.91 

Physical 

Education 
50.83 29.00 46.00 32.50 7.17 11.17 16.00 13.00 25.33 13.50 7.17 

Special Education 61.87 36.00 53.50 40.13 8.81 12.94 20.69 15.31 29.69 15.38 8.44 

Media and 

Technology 
57.60 36.20 52.80 37.60 8.00 12.00 21.00 15.20 29.80 15.00 8.00 

Foreign 

Language 
62.14 36.00 56.00 40.43 8.86 12.86 21.00 15.00 30.86 16.29 8.86 

    
           

Years 

Teaching 

0 to 5 years 60.78 35.11 52.44 39.31 8.78 12.69 19.81 15.31 28.69 15.47 8.28 

6 to 10 years 62.43 35.78 54.78 40.63 9.06 12.75 20.24 15.55 30.10 15.92 8.76 

11 to 20 years 61.01 35.27 54.80 39.51 8.88 12.63 20.01 15.26 29.99 16.15 8.67 

21 or more years 61.64 33.27 52.57 40.12 8.93 12.60 18.57 14.70 28.67 15.75 8.15 

    
           

Number of 

Students in 

Classroom 

0 to 10 students 66.11 39.44 58.56 42.78 9.78 13.56 22.56 16.89 32.78 16.78 9.00 

11 to 20 students 60.75 33.65 51.50 39.60 8.71 12.44 18.77 14.88 28.08 15.38 8.04 

21 to 30 students 61.31 35.05 54.20 39.75 8.89 12.68 19.83 15.22 29.62 16.00 8.58 

31 or more 

students 
62.80 31.90 54.70 40.80 9.60 12.40 17.70 14.20 30.50 15.70 8.50 
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Table 10: Combined average survey responses by demographic for the three constructs and subconstructs (Continued) 

Teacher 

Certification 

Class B 

(bachelor's 

program) 

61.18 34.64 53.18 39.62 8.96 12.61 19.68 14.96 29.12 15.59 8.47 

Class A (master's 

program) 
61.65 34.57 54.01 39.96 8.90 12.80 19.37 15.20 29.43 16.11 8.47 

Class AA (sixth-

year program) 
61.52 36.11 54.37 40.41 8.96 12.15 20.56 15.56 30.26 15.59 8.52 

Alternative 

Baccalaureate 

Level Certificate 

(BAC) 

60.00 36.22 55.67 39.11 8.56 12.33 20.67 15.56 30.67 16.11 8.89 

    
           

SES (% of 

free lunch at 

School) 

0 to 25% 61.81 34.93 53.56 40.13 8.89 12.80 19.59 15.33 28.89 16.30 8.37 

26 to 50% 62.09 35.07 54.64 40.35 9.12 12.63 19.84 15.23 30.06 15.89 8.69 

51 to 75% 59.04 34.06 52.09 38.17 8.34 12.53 19.09 14.96 28.40 15.58 8.11 

76 to 100% 65.25 34.50 54.25 42.50 9.50 13.25 20.50 14.00 31.25 14.75 8.25 

    
           

Single or 

Multiple High 

Schools 

Single High 

School District 
62.03 35.05 54.42 40.32 9.02 12.69 19.67 15.38 29.87 15.94 8.61 

Multiple High 

School District 
61.07 34.67 53.52 39.60 8.85 12.63 19.62 15.05 29.23 15.87 8.42 

    
           

ACT STEM 

Score 

15 to 16.9 61.00 31.85 52.92 39.23 8.92 12.85 18.15 13.69 30.08 14.46 8.38 

17 to 18.9 60.10 34.50 53.14 39.07 8.66 12.37 19.53 14.96 29.01 15.76 8.37 

19 to 20.9 64.05 35.68 55.30 41.35 9.56 13.14 20.04 15.65 30.26 16.25 8.79 

21 to 22.9 62.14 36.07 55.41 40.07 9.00 13.07 20.34 15.72 30.76 16.10 8.55 

23 or higher 63.25 34.58 52.58 42.33 8.50 12.42 18.92 15.67 27.25 16.92 8.42 
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It is critical to note that numerous models were conducted with different demographic 

categories. Most of the models using the different demographic teacher answers reflected the 

results of the total population regarding trends and significance. For this reason, the total 

population and single versus multiple high schools in a district are presented, but only significant 

results for the different demographics are reported in this analysis. All demographics not 

mentioned reflected either insignificant results or mirrored the total population. 

 Final Survey Descriptive Results. From a descriptive statistical approach, the sample 

can be analyzed at an aggregate level as a total population but placing the results into STEM 

categories also provides insightful analysis. Each question could be answered by the teacher 

respondent with a numerical result of 1 to 4 depending on the agreement level with the 

statement. The mean for the total 250 respondents is analyzed in Table 11 for each question. 

Additionally, each respondent was grouped into a STEM score category based on the school’s 

ACT STEM score which is the average of the school’s math and science scores on the ACT. 

Category 1 includes an ACT STEM score of 15 to 16.9, category 2 includes 17.0 to 18.9, 

category 3 includes 19 to 20.9, category 4 includes 21.0 to 22.9, and category 5 includes 23 or 

higher.  

 When teachers responded to questions in the survey instrument, there was a wide range 

of agreement or disagreement to the questions for all question, and this diversity of opinion led 

to a range of 0.73 based on the average response between all questions. In fact, question 25 had 

the lowest level of agreement by teachers at 2.60, and question 20 had the highest level of 

agreement at 3.33. Teachers showed the highest level of agreement toward survey items in 

classroom pedagogy with an average of 3.07 with an average agreement of 3.06 in teacher and 
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student actions and 3.17 in motivation. In fact, of the four questions in the motivation 

subcategory, teachers on average scored three of the questions above a 3.00. For school 

leadership, teachers had a lower level of agreement at 2.90 with the highest rated subcategory at 

2.92 for implementation. School culture had a higher agreement at 2.99 with sense making at 

3.00 and pedagogy efficacy at 3.19. 

 An analysis of teacher responses based on the ACT STEM score of the teacher’s school 

provides comparison data of teacher beliefs of STEM education based on STEM success. 

Schools scoring between 19 and 20.9 on the ACT STEM score showed the highest level of 

agreement with statements for teachers at 3.10 with category 4 (3.07) and category 5 (3.01) over 

the threshold of 3, and category 1 (2.92) and category 2 (2.95) below that threshold level. 

Schools with an ACT STEM score between 15 and 16.9 and 23 or higher showed the largest 

range of level of agreements throughout the survey with schools scoring 15 to 16.9 range at 1.23 

and schools with a 23 or higher at 1.25. Schools with an ACT STEM score from 17 to 18.9, 19 to 

20.9, and 21 to 22.9 all had ranges below 1 at 0.65, 0.75, and 0.83, respectively. All categories of 

schools agreed with classroom pedagogy survey items at the highest rate above survey items 

pertaining to school leadership or school culture (1 at 3.05, 2 at 3.01, 3 at 3.20, 4 at 3.11, and 5 at 

3.16).  
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Table 11: Average response to each survey question by total population and STEM score 

category 

 Average Response on Survey 

  STEM Scores by Category 

Survey 

Question 

Total 

Population 
1 2 3 4 5 

Difference between 

average scores in 

category 5 (high ACT 

STEM) and 1 (low ACT 

STEM) 

1 2.93 2.92 2.88 3.02 2.90 3.17 0.24 

2 2.92 2.85 2.90 2.95 2.90 3.25 0.40 

3 2.98 2.85 2.90 3.07 3.03 3.50 0.65 

4 3.10 2.92 3.03 3.25 3.14 3.33 0.41 

5 3.14 3.00 3.11 3.23 3.14 3.25 0.25 

6 3.17 3.00 3.12 3.26 3.24 3.33 0.33 

7 3.07 3.15 3.01 3.16 3.03 3.25 0.10 

8 3.08 3.00 3.03 3.14 3.14 3.25 0.25 

9 3.20 3.23 3.12 3.35 3.17 3.50 0.27 

10 3.28 3.31 3.21 3.40 3.34 3.33 0.03 

11 3.01 2.92 2.96 3.12 3.00 3.17 0.24 

12 3.05 3.15 2.94 3.23 3.14 3.08 -0.07 

13 2.90 2.77 2.80 3.16 2.97 2.92 0.15 

14 2.94 3.23 2.86 3.14 3.07 2.42 -0.81 

15 3.04 3.31 2.97 3.18 3.07 2.75 -0.56 

16 2.94 2.92 2.86 3.18 2.90 2.92 -0.01 

17 2.99 2.92 2.94 3.12 2.97 3.08 0.16 

18 3.06 2.92 3.01 3.26 2.97 3.17 0.24 

19 3.30 3.23 3.22 3.37 3.52 3.42 0.19 

20 3.33 3.38 3.24 3.47 3.52 3.17 -0.22 

21 3.27 3.38 3.20 3.35 3.34 3.33 -0.05 

22 2.86 3.00 2.81 2.96 2.93 2.50 -0.50 

23 2.99 2.92 2.94 3.07 3.14 3.00 0.08 

24 2.90 2.31 2.89 3.00 3.07 2.83 0.53 

25 2.60 2.15 2.58 2.72 2.69 2.58 0.43 

26 2.84 2.31 2.84 2.86 3.00 2.92 0.61 

27 2.76 2.62 2.75 2.79 2.83 2.83 0.22 

28 2.82 2.46 2.86 2.84 2.86 2.58 0.12 

29 2.76 2.69 2.76 2.79 2.90 2.50 -0.19 

30 2.78 2.31 2.73 2.95 2.93 2.83 0.53 

31 3.00 2.54 2.99 3.07 3.07 3.08 0.54 

32 3.22 3.15 3.15 3.28 3.31 3.58 0.43 

33 2.93 2.62 2.93 3.02 2.97 2.83 0.22 

34 2.80 2.85 2.79 2.82 2.86 2.58 -0.26 
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Table 11: Average response to each survey question by total population and STEM score 

category (Continued) 

35 2.83 3.00 2.80 2.93 2.93 2.33 -0.67 

36 2.84 2.92 2.78 2.95 3.03 2.33 -0.59 

37 3.03 3.08 2.96 3.14 3.17 2.92 -0.16 

38 3.03 3.15 2.98 3.11 3.10 3.00 -0.15 

39 2.97 3.08 2.92 3.04 3.24 2.50 -0.58 

40 3.00 3.08 2.92 3.09 3.28 2.83 -0.24 

41 2.80 2.85 2.75 2.88 2.97 2.67 -0.18 

42 3.08 3.23 3.02 3.16 3.14 3.08 -0.15 

43 2.96 3.08 2.91 3.02 3.03 2.83 -0.24 

44 3.12 3.00 3.08 3.21 3.10 3.42 0.42 

45 2.76 2.62 2.76 2.88 2.69 2.67 0.05 

46 2.92 2.92 2.87 3.04 2.90 3.08 0.16 

47 3.22 2.62 3.22 3.26 3.28 3.50 0.88 

48 3.21 2.92 3.16 3.33 3.28 3.33 0.41 

49 3.20 3.00 3.16 3.30 3.28 3.25 0.25 

50 3.15 2.92 3.14 3.14 3.17 3.42 0.49 

 An interesting method for considering this data by STEM categories is from the 

standpoint of differences of teacher agreement from a lower scoring STEM score to a higher 

scoring STEM score. Stated otherwise, the higher the STEM score for the school, the higher the 

level of agreement by the teachers. There are 17 questions in which teacher agreement with 

specific questions improved by over 0.24 points when comparing lower STEM to higher STEM 

scores with the level of agreement with the question over the threshold of 3.00. Most questions 

with the largest difference are from the classroom pedagogy category including questions 2, 3, 4, 

5, 6, 8, 9, 11, and 18 with 8 of these questions from the teacher and student actions subcategory. 

School leadership showed growth in questions 24, 31, and 32 in the implementation subcategory 

and school culture in questions 44, 47, 48, 49, and 50 with two of the questions from the sense 

making subcategory and three of these questions from the pedagogy efficacy category. The 

amount of increases in each of these questions can be found in Figure 20. 
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Figure 20: Graph of survey questions with largest increases from low to high STEM category 

scores. 

 When considering the opposite with the largest decrease, there are 7 questions that had 

decreases of 0.24 from low to high STEM category schools. The values of the decreases for these 

questions is shown in Figure 21. Three of these questions are from the classroom pedagogy 

category including 14, 15, and 22. The other 4 questions are from the school culture category 

which includes questions 35, 36, 39, and 40.  
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Figure 21: Graph of survey questions with largest decreases from low to high STEM category 

scores. 

Additionally, a simple regression analysis reveals a general trend by the three variables of 

classroom pedagogy, school leadership, and school culture (Figure 22). When plotting the 

average of the combined calculated variable for each construct of teachers’ responses against the 

low to high performing STEM schools, regression indicates a general increase of teacher 

perceptions in school leadership, classroom pedagogy, and school culture as ACT STEM 

outcomes improves. Outside of the fact that classroom pedagogy was scored highest and school 

leadership actions on STEM scored lowest at agreement levels, all three constructs indicate that 

higher scoring STEM schools have higher levels of agreement towards classroom pedagogy, 

school culture, and school leadership. However, teachers at higher STEM scores showed the 

largest increase across the categories at m=.7047. Classroom pedagogy and school culture also 
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had increases in the construct score as schools performed better in STEM at rates of m=.6537 

and m=.1590, respectively.  

When considering the mean of the transformed teacher perception scores in each of the 

three construct areas, as the levels of the transformed scores of teacher responses increases in a 

particular area, teacher belief that the particular construct or subconstruct’s impact on STEM 

student outcomes improves. In other words, the higher the teacher response in a construct area, 

the higher the belief that the construct impacts STEM learning, and the lower the response score, 

the less it impacts STEM learning. For example, at higher STEM scoring schools, the 

transformed mean score for classroom pedagogy has higher ratings, so these teachers perceive 

that the STEM specific pedagogy utilized in the classroom increases the student learning.  
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Figure 22: Comparison of combined question scores for the three constructs from lower to 

higher STEM categories. 

Final Survey Mediated Moderation Results. Statistical mediation and moderation 

analysis were conducted through the regression PROCESS macro in SPSS in a mediated 

moderation format. This was conducted to determine if teacher perception of effective STEM 

classroom pedagogy mediates the relationship between school leadership actions and successful 

STEM school outcomes and learning. The model also helps determine if teacher perception of 

school culture moderates the relationship between school leader actions and effective STEM 

classroom pedagogy. Assumptions of linearity, normally distributed errors, and uncorrelated 

errors were checked and met.  

Using the unstandardized coefficients (b) and level of significance (p), path analysis was 

conducted to determine if mediation and/or moderation occurred. Baron and Kenny (1986) report 
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that for mediation to occur, three conditions must be met: (1) school leadership must 

significantly correlate to classroom pedagogy, (2) classroom pedagogy must significantly 

correlate to STEM student outcomes, and (3) school leadership does not significantly correlate to 

STEM student outcomes. In terms of moderation, Hair (2010) indicates that for a path to be 

moderated, there must be one of two outcomes: (1) the unstandardized coefficient for school 

culture is significant while the coefficient for school leadership is not significant, or (2) the 

unstandardized coefficients for both groups are significant, but one group is positive and the 

other group is negative.  

For this study several path analyses were conducted using a variety of models. These 

models include construct categories and subcategories as well as different demographics. For 

example, the pathway is first conducted for the total study population with school leadership as 

the predictor variable, school culture as the moderator, classroom pedagogy as the mediator, and 

STEM student outcomes as the outcome variable as shown in Figure 24. But, each of these 

constructs can be manipulated as a subcategory such as sense making in place of school culture 

as well as for each demographic grouping.  

This resulted in 61 models; however, including the multiple categories in each 

demographic, the analysis involved 1,220 different path models. Figure 23 shows the potential 

pathways including the three major variables with related subcategories based on the exploratory 

factor analysis from the pilot survey. For example, one of the 61 models included school 

leadership as the predictor variable, pedagogy efficacy as the moderating variable (in place of 

school culture), classroom activities as the mediator variable (in place of classroom pedagogy), 

and STEM outcomes as the outcome variable.  
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Figure 23: Mediated moderation model of pathways including construct subcategories. 

 By conducting models of the path analysis with different demographics and 

subcategories, a deeper dive into the analysis was conducted. Outside of the original model 

including school leadership, school culture, and classroom pedagogy, insight could be found that 

specific areas or subcategories could influence the model to yield a significant result and impact 

on STEM education. That information would be utilized to further develop the survey instrument 

in future studies by providing specific focuses for the three variables in improving STEM student 

learning. This logic was also used when conducting each path model with different demographic 

groupings as each group could provide unique data that would warrant further investigation for 

creating improvements.  

The PROCESS macro allows for multiple categories to analyzed with each model; 

however, each model might have produced different values, the outcome of the mediated 
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moderation was always the same as the total population listed in Table 12. There are several 

exceptions that are presented with this data analysis review. Also, a data analysis is also provided 

for comparison of single high school in a district versus multiple high schools in a district as this 

factor was used as a distinction to separate groupings of teachers. The mediation regression 

analysis results can be found in Table 12. 

.  
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Table 12: Mediated moderation analysis for total population, single high school district, and multiple high schools in district 

Demographic Path Model b 
Sample 

Size 
SE B t p R2 

Total 

Population 

Indirect 

 

 

 

 

 

 

 

 

Direct 

School Leadership (X) 

 

 

School Culture (Z) 

 

 

Interaction (XZ) 

 

 

School Leadership (X) 

 

 

Classroom Pedagogy (M)  

 

 

.5489 

[.2280, .8698] 

 

.3505 

[.1218, .5793] 

 

.0020 

[-.0075, .0115] 

 

.0130 

[-.0315, .0574] 

 

.0181 

[-.0092, .0454] 

250 

 

 

250 

 

 

250 

 

 

250 

 

 

250 

.1629 

 

 

.1161 

 

 

.0048 

 

 

.0226 

 

 

.0139 

3.3695 

 

 

3.3018 

 

 

.4202 

 

 

.5749 

 

 

1.3053 

.0009* 

 

 

.0028* 

 

 

.6747 

 

 

.5659 

 

 

.1930 

.3802 

 

 

 

 

 

 

 

 

.0181 

Single High 

School 

Indirect 

 

 

 

 

 

 

 

 

 

School Leadership (X) 

 

 

School Culture (Z) 

 

 

Interaction (XZ) 

 

 

 

.5346 

[.0358, 1.0335] 

 

.4779 

[.1088, .8471] 

 

-.0014 

[-.0155, .0126] 

 

 

95 

 

 

95 

 

 

95 

 

 

 

.2511 

 

 

.1859 

 

 

.0071 

 

 

 

2.1289 

 

 

2.5715 

 

 

-.2002 

 

 

 

.0360* 

 

 

.0117* 

 

 

.8418 

 

 

 

.4723 

 

 

 

 

 

 

 

 

 

 



142 

 

Table 12: Mediated moderation analysis for total population, single high school district, and multiple high schools in district 

(Continued) 

 Direct School Leadership (X) 

 

 

Classroom Pedagogy (M)  

 

.0441 

[-.0338, 1.2210] 

 

-.0147 

[-.0601, .0306] 

95 

 

 

95 

 

.0392 

 

 

.0228 

1.1240 

 

 

-.6455 

.2639 

 

 

.5202 

.0137 

Multiple High 

Schools 

Indirect 

 

 

 

 

 

 

 

 

Direct 

School Leadership (X) 

 

 

School Culture (Z) 

 

 

Interaction (XZ) 

 

 

School Leadership (X) 

 

 

Classroom Pedagogy (M)  

 

 

.5845 

[.1575, 1.0014] 

 

.2405 

[-.0552, .5362] 

 

.0071 

[-.0064, .0205] 

 

-.0066 

[-.0568, .0436] 

 

.0422 

[.0098, .0747] 

155 

 

 

155 

 

 

155 

 

 

155 

 

 

155 

 

.2161 

 

 

.1497 

 

 

.0068 

 

 

.0254 

 

 

.0164 

1.7046 

 

 

1.6068 

 

 

1.0403 

 

 

-.2594 

 

 

2.5740 

.0076* 

 

 

.1102 

 

 

.2998 

 

 

.7957 

 

 

.0110* 

.3137 

 

 

 

 

 

 

 

 

.0530 

*Denotes significance level at α=.05.  



143 
 

 

Based on the SPSS results, a path diagram for the model can be developed. Figure 24 

shows the model with school leadership as the predictor variable (X), school culture as 

moderator variable (Z), classroom pedagogy as mediator variable (M), and STEM student 

outcomes as the outcome variable (Y) based on the total population of teacher results. Included 

in the model are the unstandardized coefficients (b), levels of significance (p), and R2 values. 

Additionally, a more complex model with further interactions in explored in Figure 26. Based on 

these process models and SPSS data, the following equations for classroom pedagogy as the 

mediator and STEM outcomes as the outcome using are created using the regression of the 

construct variables: 

1. classroom pedagogy (cp) = b0 + b1xschoolleadership + b2xschoolculture + b3xschoolleadership xschoolculture 

cp = 61.3342 + .5489xschoolleadership + .3505xschoolculture + .0020 xschoolleadershipxschoolculture 

2. STEM outcomes (STEM) = b0 + b1xschoolleadership + b2xclassroompedagogy 

STEM = 17.3615 + .0130xschoolleadership + .0181xclassroompedagogy 
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Figure 24: Statistical output of effect and significance for model. *Denotes significance level at 

α=.05.  

In terms of mediation for the total sample, output shows that school leadership actions 

significantly and positively predict effective STEM classroom pedagogy, b = .5489, 95% CI 

[.2280, .8698], t = 3.3695, p < .01. This indicates as teacher perceptions of school leaders 

increase, the belief in effective teaching strategies also increases. However, classroom pedagogy 

does not significantly predict STEM student outcomes, b = .0181, 95% CI [-.0092, .0454], t = 

1.3053, p = .1930. This indicates that mediation, with F = 2.2792, does not occur because the 

second prong for mediation to occur is not significant (Baron & Kenny, 1986). Additionally, R2 

= .0181 which indicates that combination of school leader actions and classroom pedagogy 

explains approximately 1.8% of the variance in ACT STEM student outcomes. Since the results 

are not significant, the effect sizes are not reported. 

In terms of moderation, school culture shows a significant effect on classroom pedagogy, 

b = .3505, 95% CI [.1218, .5793], t = 3.0182, p < .01; however, the interaction term with school 
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culture is not significant, b = .0020, 95% CI [-.0075, .0115], t = .4202, p = .6747. This indicates 

that the relationship between school leadership and classroom pedagogy is not moderated by 

school culture. Additionally, the index of mediated moderation is 0.0000 with a bootstrapped 

standard error of 0.0002, but the null of 0 falls between the 95% CI [-.0002, .0005]. This means 

that based on teacher perceptions school culture does not moderate the relationship between 

school leadership and classroom pedagogy in terms of STEM education. The R2 = .3802 which 

indicates that combination of school leader actions and school culture explains approximately 

38% of the variance in teacher perceptions of STEM classroom pedagogy. Also, the strength of 

the relationship between school leadership (b = .5489) and classroom pedagogy is stronger than 

the relationship with school culture (b = .3505).  

The relationship between school leadership and classroom pedagogy, while insignificant, 

can be displayed as a graphical representation to indicate the relationship between the two 

variables. These simple slopes are along three points of low (-1 standard deviation), medium 

(mean), and high (+1 standard deviation) along the scale of the moderator. While at low, b = 

.0096, 95% CI [-.0037, .0297], medium, b = .0099, 95% CI [-.0038, .0297], and high, b = .0103, 

95% CI [-.0043, .0306], shows that as teacher perceptions of school culture improves, the 

relationship between school leadership and classroom pedagogy also improves. The graphical 

display in Figure 25 is a fan interactional pattern (Jose, 2013). However, due to the non-

significant effects and small slope values, the relationship proves to be small.  
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Figure 25: Graphical depiction of moderation analysis for total population from SPSS: School 

culture did not moderate the school leadership-to-classroom pedagogy relationship. The x-axis is 

school leadership score, y-axis is classroom pedagogy score, and the individual graphs are of 

school culture at -1 standard deviation, 0, and +1 standard deviation. 

Overall, the output of mediated moderation for the total population indicates that there is 

no evidence of mediation or moderation for the model using school leadership, school culture, 

classroom pedagogy, and ACT STEM scores. A more complex model is shown in Figure 26 that 

is color coded with detailed values of the path model.  
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Figure 26: Complex model output of effect size and significance of mediated moderation 

analysis. *Denotes significance level at α=.05. 

One of the important demographic comparisons for this study is with teacher perceptions 

from single high school districts and multiple high schools in a district. Using the three 

constructs for variables, single high school districts mirrored the results of the total population 

with no evidence of mediation or moderation. Mediation failed as classroom pedagogy did not 

show significance on STEM student outcomes, b = -.0147, 95% CI [-.0338, 1.2210], t = -.6455, p 

= .5202, and there is no evidence of moderation, b = -.0014, 95% CI [-.0155, .0126], t = -.2002, 

p = .8418. However, the R2 value of .4723 indicates that the combined effect of school leadership 

and school culture explain 47% of the variance in teacher perception of classroom pedagogy. 

The regression of slopes in a fan interactional pattern can be seen in Figure 27. 
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Figure 27: Graphical depiction of moderation analysis for single high schools in district from 

SPSS: School culture did not moderate the school leadership-to-classroom pedagogy 

relationship. The x-axis is school leadership score, y-axis is classroom pedagogy score, and the 

individual graphs are of school culture at -1 standard deviation, 0, and +1 standard deviation.  

When considering teacher responses in high schools that were multiple high schools in 

the district, there is a slightly different result. School culture still did not moderate the 

relationship between school culture and classroom pedagogy, b = -.0071, 95% CI [-.0064, 

.0205], t = 1.0403, p = .2998. However, for the indirect effect from classroom pedagogy to 

STEM student outcomes, there is a statistically significant result, b = .0422, 95% CI [.0098, 

.0747], t = 2.5740, p = .0110, but the model does not satisfy all of Baron and Kenny’s (1986) 

requirements, as school leadership does not have a significant impact on classroom pedagogy, b 

= -.066, 95% CI [-.0568, 0.436], t = -.2594, p = .7957. This path model is shown in Figure 28 

and a graphical representation of the moderator in slope format with a fan interactional pattern is 

seen in Figure 29.  
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Figure 28: Simple mediated moderation model for results from teachers in multiple high schools 

in a district. *Denotes significance level at α=.05 

 
Figure 29: Graphical depiction of moderation analysis for multiple high schools in district from 

SPSS: School culture did not moderate the school leadership-to-classroom pedagogy 

relationship. The x-axis is school leadership score, y-axis is classroom pedagogy score, and the 

individual graphs are of school culture at -1 standard deviation, 0, and +1 standard deviation. 
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 While most of the models did not indicate mediation or moderation for the variables, 

there were two interesting cases that occurred in different pathways. These include a variety of 

demographics as well as different combinations of variables outside of the school leadership, 

school culture, and classroom pedagogy model. First, there were seven model paths in which the 

direct path between the predictor variable (X) and outcome variable (Y) was significant. Results 

of the direct path model results showing significance level are shown in Table 13. A key point in 

the data is that the predictor variable for each total population model was implementation which 

is a subcategory of school leadership, and the mediator alternated between classroom activities 

and motivation which are subcategories of classroom pedagogy. 

Table 13: SPSS outputs of mediated moderation with statistically significant direct paths 

between predictor variable and outcome variable 

Demographic Variable b SE B t p 

Total Population Implementation (X) 

School Culture (W) 

Classroom Activity (M) 

.1507 

[.0322, .2693] 

.0602 2.5042 .0129 

Total Population Implementation (X) 

Modeling (W) 

Classroom Activity (M) 

.1507 

[.0322, .2693] 

.0602 2.5042 .0129 

Total Population Implementation (X) 

Sense making (W) 

Classroom Activity (M) 

.1507 

[.0322, .2693] 

.0602 2.5042 .0129 

Total Population Implementation (X) 

Pedagogy Efficacy (W) 

Classroom Activity (M) 

.1507 

[.0322, .2693] 

.0602 2.5042 .0129 

Total Population Implementation (X) 

Pedagogy Efficacy (W) 

Motivation (M) 

.1207 

[.0025, .2390] 

.0600 2.0115 .0454 

Content Area – Social 

Studies 

School Leadership (X) 

School Culture (W) 

Classroom Pedagogy (M) 

.0954 

[.0036, .1871] 

.0446 2.1359 .0423 
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Table 13: SPSS outputs of mediated moderation with statistically significant direct paths 

between predictor variable and outcome variable (Continued) 

Free Lunch – 51 to 

75% 

School Leadership (X) 

School Culture (W) 

Classroom Pedagogy (M) 

.0485 

[.0145, .0825] 

.0170 2.8575 .0061 

Years Teaching – 31 or 

more 

School Leadership (X) 

School Culture (W) 

Classroom Pedagogy (M) 

.0938 

[.0191, .1685] 

.0374 2.5087 .0147 

 

 Additionally, there are four models in which the predictor variable is moderated by a 

moderating variable. For these pathways, the interaction between the predictor variable and 

moderator variable are statistically significant. The three paths that involve the total population 

all involve the support and development subcategory of school leadership and the modeling 

subcategory of school culture. This would suggest that modeling by administrators moderates the 

effect of support and development by a school leader on classroom pedagogy and subcategories.  

Table 14: SPSS outputs of mediated moderation with statistically significant moderation 

Demographic Variable Model b SE B t p 

Total 

Population 

Support and 

Development (X) 

Modeling (W) 

Classroom Pedagogy (M) 

 

Support and 

Development 

 

Modeling 

 

Interaction 

 

.3318 

[-.10, .76] 

.8351 

[.50, 1.17] 

.0328 

[.01, .06] 

.2176 

 

.1702 

 

.0132 

1.5248 

 

4.9062 

 

2.4891 

.1286 

 

.0000 

 

.0135 

Total 

Population 

Support and 

Development (X) 

Modeling (W) 

Teacher and Student 

Actions (M) 

 

Support and 

Development 

 

Modeling 

 

Interaction 

 

.1973 

[-.10, .50] 

.5593 

[.32, .79] 

.0202 

[.002, .04] 

.1529 

 

.1196 

 

.0093 

1.2902 

 

4.6760 

 

2.1781 

.1982 

 

.0000 

 

.0303 
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Table 14: SPSS outputs of mediated moderation with statistically significant moderation 

(Continued) 

Total 

Population 

Support and 

Development (X) 

Modeling (W) 

Motivation (M) 

 

Support and 

Development 

 

Modeling 

 

Interaction 

 

.0555 

[-.03, .15] 

.1482 

[.08, .22] 

.0073 

[.002, .01] 

.0456 

 

.0357 

 

.0028 

1.2166 

 

4.1517 

 

2.6504 

.2249 

 

.0000 

 

.0086 

Content Area 

– Science 

School Leadership (X) 

School Culture (W) 

Classroom Pedagogy (M) 

School 

Leadership 

 

School Culture 

 

Classroom 

Pedagogy 

.3003 

[-.19, .80] 

.4527 

[.11, .80 

.0224 

[.01, .04] 

.2473 

 

.1717 

 

.0086 

1.2145 

 

2.6372 

 

2.6051 

.2293 

 

.0106 

 

.0116 

 

 An interesting path result considers only the science teachers’ perceptions. Science 

teachers accounted for 25.6 of the total population sample (n=64). As seen in Table 14, the 

interaction between school leadership and school culture is statistically significant, b = .0224, 

95% CI [.01, .04], t = 2.6051, p = .0116. This suggests that school culture moderates the effect of 

school leadership on classroom pedagogy as dictated by teacher opinions. Additionally, the index 

of mediated moderation of .0016 has a 95% CI [-.0001, .0033]. Since the null of 0 falls between 

the lower and upper bootstrapped confidence interval, it can be inferred that the indirect effect is 

not conditional on the level of the moderator variable school culture.  

 While the moderator is shown to have statistical significance, an interesting point 

emerges from the simple slope graph of regression. As school culture moves to higher levels, the 

indirect effect is seen to be positive and significant, b = .0386, 95% CI [.0018, .0993]. This 

means that the indirect effect of school leadership and classroom pedagogy becomes stronger 

and more positive as school culture improves. A fan interactional pattern is also produced with 

these results in Figure 30.  
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Figure 30: Graphical depiction of moderation analysis for science content area teachers from 

SPSS: School culture moderated the school leadership-to-classroom pedagogy relationship. The 

x-axis is school leadership score, y-axis is classroom pedagogy score, and the individual graphs 

are of school culture at -1 standard deviation, 0, and +1 standard deviation. 

 Final Survey Comparison Results.  One Way ANOVA allows for comparisons of 

multiple groups, questions, and demographics to investigate if there is a significant difference 

between the groups. If significance occurs, Post Hoc tests address which levels of the 

independent variables utilized have significant differences that exist. Using these comparisons, 

survey responses analyzed in SPSS are broken into demographics with all questions and 

demographics explored through an ANOVA except single high school district versus multiple 

high school districts. The number of high schools is evaluated through an independent samples t-

test. An ANOVA at α = .05 was performed on each of the questions in the total population based 

on the STEM category with 1 being a low achieving STEM school and 5 a high STEM school. 

There are 7 questions with a significant difference found for questions in which there is a 
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significant difference between STEM category schools. These include question 3, F(4, 250) = 

4.933, p = .039, η2 = .133, question 13, F(4, 250) = 5.567, p = .029, η2 = .174, question 14, F(4, 

250) = 8.130, p = .006, η2 = .151, question 24, F(4, 250) = 6.017, p = .027, η2 = .198, question 

30, F(4, 250) = 5.584, p = .027, η2 = .189, question 39, F(4, 250) = 5.511, p = .036, η2 = .178, 

and question 45, F(4, 250) = 5.888, p = .010, η2 = .150. A Tukey post-hoc revealed the 

differences occurred in question 3 between schools that score a 17 to 18.9 and 23 and higher, 

question 13 between 15 to 16.9 schools and 17 to 18.9 schools, question 14 between 19 to 20.9 

schools and 23 and higher schools, question 24 between 15 to 16.9 schools and 19 to 20.9 

schools and 15 to 16.9 schools and 21 to 22.9 schools, question 30 between 15 to 16.9 schools 

and 19 to 20.9 schools, and question 39 between 21 to 22.9 schools and 23 or higher schools.  

Table 15: ANOVA outputs for questions resulting in statistical significance 

Variable 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Effect 

Size 

Agreement with 

higher STEM 

score 

Question 3 4.933 4 1.2333 2.561 .039 .133 Positive 

Question 13 5.567 4 1.392 2.747 .029 .174 Positive 

Question 14 8.130 4 2.033 3.686 .006 .151 Negative 

Question 24 6.017 4 1.504 2.799 .027 .198 Positive 

Question 30 5.584 4 1.396 2.786 .027 .189 Negative 

Question 39 5.511 4 1.378 2.611 .036 .178 Negative 

Question 45 5.888 4 1.472 3.388 .010 .150 Positive 

Note. N = 250. 

An ANOVA at α = .05 was performed on each of the six demographic areas for each 

construct variable of classroom pedagogy, school leadership actions, and school culture as well 

as each subcategory. Significant results are listed in Table 16 and Table 17. On 4 demographic 



155 

 

areas results in significant differences including free lunch status of the school and class size at 

the teacher based on teacher response.  

For content area, there is a significant difference between teacher perceptions of STEM 

classroom activities, F(9, 250) = 57.717, p = .038, η2 = .070, and pedagogy efficacy of STEM, 

F(9, 250) = 77.452, p = .011, η2 = .085. For class size, there is a significant difference between 

opinion of school leader actions, F(3, 250) = 353.981, p = .032, η2 = .035, with a Tukey post-hoc 

revealing the difference occurred 0 to 10 students and 31 or more students. Also, class size has a 

significant difference for support and development school leaders, F(3, 250) = 157.050, p = .032, 

η2 = .065. For teacher certification, there is a significant difference in STEM scores, F(3, 250) = 

16.659, p = .002, η2 = .060, with a Tukey post-hoc revealing the differences occurred between 

teachers with a Class A (masters’ degree) and alternative degree (BAC) and Class A and Class B 

(bachelors’ degree). For free lunch, there is a significant difference in the STEM score, F(3, 250) 

= 109.279, p < .000, η2 = .720, with a Tukey post-hoc revealed the differences occurred between 

each free lunch category. This means that the higher the free lunch count at a school, the lower 

the ACT STEM score.  
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Table 16: ANOVA outputs resulting in statistical significance for school-controlled 

demographics as dependent variables 

Variable Demographics 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. Effect Size 

Classroom 

Activity 

Content Area 57.717 9 6.413 2.019 .038 .070 

Pedagogy 

Efficacy 

Content Area 77.452 9 8.606 2.462 .011 .085 

School 

Leadership 

Class Size 353.981 3 117.994 2.985 .032 .035 

Support and 

Development 

Class Size 157.050 3 52.350 2.671 .048 .032 

STEM Score Teacher 

Certification 

49.977 3 16.659 5.251 .002 .060 

STEM Score Free Lunch 109.279 3 598.160 199.3

87 

.000 .720 

Note. N = 250. 

A t-test was performed and a significant difference was found between single high 

schools in a district and multiple high school districts for STEM score, t(248) = 4.433, p = .036, 

d = .629, STEM classroom activities, t(248) = 3.893, p = .050, d = .075, and sense making using 

STEM, t(248) = 4.211, p = .041, d = .035. 

Table 17: T-test outputs resulting in statistical significance for school-controlled demographics 

Variable Demographics t df F Sig. Effect Size 

STEM Score Single vs. Multiple 

High School 

4.204 248 4.433 .036 .629 

Classroom 

Activity 

Single vs. Multiple 

High School 

.743 248 3.893 .050 .075 

Sense making Single vs. Multiple 

High School 

.211 248 4.211 .041 .035 

Note. N = 250. 
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Summary 

 Data analysis of the results teacher perceptions of school leadership actions, school 

culture, and classroom pedagogy on STEM student outcomes produces positive and negative 

results. The model suggests that: (1) school leadership and school culture might be main-effect 

predictors of both teaching strategies; (2) school culture does not significantly moderate the 

association between school leadership and teaching strategies and teaching strategies and STEM 

student outcomes; (3) teaching strategies is not a significant mediator between the two main 

effects and interaction on the final outcome variable of STEM learning. However, demographics 

and question analysis provide insightful positive and negative associations of teacher perceptions 

with specific ideas from the three constructs of school leadership, school culture, and STEM 

classroom pedagogy. This is particularly important when comparing ideas that can improve 

STEM learning in schools based on teacher input from schools that show high achievement 

levels in STEM.  
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CHAPTER 5: DISCUSSION AND CONCLUSIONS 

 

Introduction 

 The purpose of this study was to examine the effect of school leadership both directly and 

indirectly on STEM learning through outcomes on the ACT. Based on teacher perceptions of 

STEM education, the extent of school leadership impact on STEM learning was analyzed as 

mediated by classroom teaching strategies in pedagogy, and this indirect relationship was 

considered through moderation by school culture. This section begins with the motivation and 

purpose for conducting the research and then addresses the results for each question. That is 

includes strengths and limitations of the study. 

Summary of Motivation and Methods 

 According to the Economic Modeling Specialists International (2017), STEM related 

jobs will grow 13%, and research by Graf, Fry, & Funk (2018) has shown growth by 79% over 

the last 20 years with jobs totaling 17.3 million. However, in the United States, it is 

approximated that 2.4 million of these jobs went unfilled in 2018. Alabama Governor Kay Ivey 

has placed an emphasis on STEM education by establishing an advisory council to help support 

Alabama schools and stating that there is “a growing gap in the supply of qualified employees 

for middle skills jobs while shortfalls are expected to be particularly acute in STEM fields” 

(Ivey, 2019).  

 Research involving STEM education largely deals with utilizing a single teaching 

strategy tied to a standardized test-based outcome (Lord, 1999; Savery, 2006; Schwalm & Tylek, 
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2012; Sosa, Berger, Saw, and Mary, 2011). Effective STEM practices typically involve students 

utilizing and building critical-thinking and problem-solving skills (Han, Capraro, & Capraro, 

2014). However, research of STEM classroom practices does not always utilize teacher opinions, 

all content area teachers, or combine several effective concepts from literature. In terms of 

school leadership action that ultimately impacts STEM learning, there is not an abundance of 

research that attempts to tie the two constructs. There is a plethora of effective leadership and 

culture practices that have been shown to help school leaders improve schools such as a PLC and 

conveying a vision (Borrego, & Henderson, 2014; Lomos, Hoffman, & Bosker, 2011; Spillane, 

2015); however, these are not specifically related to STEM education.  

 To address these issues, the study asked seven research questions and six hypotheses. 

Driven by these questions and hypotheses, this study developed three instruments on school 

leadership, classroom pedagogy, and school culture using teacher-rated surveys, and the 

instruments were examined to analyze the extent that the measures were reliable. Additionally, 

this study examined the direct impact of school leadership on STEM learning as well as the 

indirect impact of school leadership on STEM outcomes when mediated by classroom pedagogy 

and moderated by school culture.  

These questions were explored using a two-prong approach. First, a pilot survey built on 

research-based practices in literature was created and administered to public high school teachers 

in Alabama. The survey was validated using statistical methods of analysis including a 

combination of classical test theory and IRT with 14 questions removed from the original survey. 

Second, a final survey of 60 questions was completed by 250 teachers at 61 public high schools 

in Alabama. This dataset analyzed teacher perceptions through statistical analysis including OLS 
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regression of mediated moderation to investigate differences and identify statistical significance 

between school leadership, school culture, classroom pedagogy, and STEM learning outcomes.  

Study Findings and Discussion 

For the hypotheses related to the pilot study (H1, H2, and H3), the null hypothesis is 

rejected because a reliable and valid instrument was created to measure teacher perceptions of 

STEM education as related to school leadership, school culture, and classroom pedagogy. For 

H4, H5, and H6, the null hypothesis was accepted. This is because data analysis did not indicate 

statistical significance of the indirect effect of these measures on STEM learning through 

mediation or moderation. 

To address research questions one, two, and three, a two-step process involving both 

research and data analysis is utilized. This process included an extensive review of literature on 

STEM education, school leadership, school culture, and classroom pedagogy. Next, the relevant 

concepts helped develop a total of 64 content-based questions. After pilot survey analysis, a final 

instrument of 50 content questions was developed. The removal of 14 questions proved the 

instrument to have both validity and reliability for all three independent variables with a 

coefficient of content validity of 78%. 

The Development of the Instrument 

The Measure of STEM Pedagogy. Research question one deals specifically with teacher 

perceptions of STEM classroom pedagogy. A total of 38 journal articles were analyzed to 

develop the survey question constructs. Question topics ranged from project-based learning to 

cooperative techniques in the classroom. STEM classroom pedagogy showed internal 

consistency reliability (α=.971) after eight questions were removed through validity measures. 
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This resulted in 23 total questions, and exploratory factor analysis (EFA) broke the categories 

into the three sub-categories of teacher and student actions, classroom activity, and motivation.  

The Measure of STEM Culture. Research question two and three were combined when 

analyzing literature related to the construct of school leadership and school culture connections 

to STEM education. Thirty-three articles were analyzed to create the topics of discussion for the 

questions in the survey for these two variables. Regarding question two, survey analysis showed 

the internal consistency reliability of school leadership (α=.939). Validity measures resulted in 

the removal of four questions, and the final survey instrument included a total of 12 questions. 

EFA indicated two sub-categories for school leadership, and these were support and 

development and implementation.  

The Measure of School Leadership for STEM Teaching. Research question three 

showed the school culture had internal consistency reliability at α=.938. The final survey 

instrument included 18 questions in the construct category after the removal of 2 questions from 

the pilot survey. EFA analysis broke the school culture category into the three sub-categories of 

modeling, sense making, and pedagogy efficacy.  

 Discussion of the Instrument.  One of the primary purposes of this research was to 

develop an instrument that measured three different areas in relation to STEM education, and 

these included school leadership, classroom pedagogy, and school culture. The creation of this 

instrument was to measure all three distinct areas for one purpose which was the examination of 

the multiple relationships between the variables and STEM student learning. The instrument 

ultimately showed high psychometric characteristics; however, it is critical to point out that this 

instrument in its current state should function as exploratory. Due to the smaller sample sizes, 

there could be increased amounts of error. It is critical to point out that initial data psychometric 
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measures point towards the developed instrument as power analysis tool for evaluating the three 

constructs in relation to STEM learning. This is particularly true when considering the extensive 

literature that supported the development of each question and was backed through the validation 

measures.  

 Of the 14 questions that were removed from the previous study, there were three 

questions that were particularly interesting. In the pilot survey these questions were as follows: 

1. Q9 I develop student learning by creating active experiences with a concept in STEM 

education. 

2. Q37 School leaders help teachers accumulate necessary resources to effectively 

implement STEM pedagogical approaches. 

3. Q40 I share experiences through collaboration with my colleagues on effective 

supervision of STEM classroom approaches. 

Question 9 was the basis of the student-centered approach to a STEM classroom and Question 37 

and Question 40 dealing with how a school leader could help teachers to better understand 

utilizing STEM education. LaForce (2016) suggested that these three were critical components to 

a STEM school, but both results from both classical test theory and item response theory 

removed these questions. Question 9 could have been removed because teachers had a 

misunderstanding of active experiences. Question 37 and Question 40 could have been removed 

because teachers prefer individual consideration and time for sensemaking in classrooms to 

understand the needs and implementation of STEM pedagogy.  
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The Direct Effect of School Leadership 

 Summary of the Direct Effect of School Leadership. When considering research 

question four, teacher perceptions using the total population shows that school leadership does 

not directly impact STEM student outcomes (b=.0066, p=.7957). While the model with school 

leadership does not have a direct impact on STEM learning for the total population as addressed 

in research question four, there were 8 combinations of constructs and subcategories of the 

construct that indicate a direct impact of school leadership on STEM outcomes. Six of the eight 

combinations have a common theme of implementation in place of school leadership (see Table 

13). This could indicate that at some level, teachers’ perceptions of implementation and the 

concepts included in this sub-construct could directly improve STEM learning. The questions in 

the implementation sub-construct are highly associated with common traits of an effective 

learning community. The questions in the implementation category that were rated highly 

include utilizing data analysis and having flexibility in the classroom. 

Discussion of the Direct Effect of School Leadership. It is difficult to show a direct 

relationship in which school leadership has a direct effect on any student learning (Hattie, 2009). 

While there is limited research attempting to connect school leadership with STEM education, 

this research supports the idea that school leaders have difficulty significantly impacting the 

outcomes of learning. As the literature on leader effects suggests, it is known that principals have 

an effect on teaching-learning, however, this cannot substantiate empirically the direct effects of 

leadership on classroom learning, nor do the theoretical models that currently exists provide 

requisite specificity for doing so as they remain excessively abstract (Hallanger & Heck, 1996; 

Sun & Leithwood, 2016). Even with a limited data set, this research suggests the notion that 

school leaders have difficulty with a direct connection not only to student learning but the 
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specific area of STEM learning.  For these reasons, more research needs to be done to tease out 

and specify this important theoretical relationship.  

As Hallanger and Heck (1996) point out, “although there is little disagreement 

concerning the belief that principals have an impact on the lives of teachers and students, both 

the nature and degree of this effect continues to be open to debate” (p. 5). This research study 

supports that it has been shown that the school leader impacts on student learning are mostly 

indirect as opposed to direct, so it is critical for a school leader to have a specific focus because 

not all choices result in student learning (Hallanger & Heck, 1996; Leithwood & Sun, 2017). 

While a school leader might not directly control the learning in a classroom as much as a teacher, 

the leader does control the condition of the schools (Sun & Leithwood, 2016). For example, the 

working conditions and bureaucracy created by the school leader impacts the beliefs of the 

teachers that utilize the STEM teaching strategies. This will result in significant positive or 

negative changes to STEM learning in the school. 

Recommendations for Practitioners from the Direct Effect of School Leadership. 

While student learning is ultimately important in a high school setting, and in this case STEM 

learning, the job of a school leader is larger than simply improving academic outcomes. It is 

critical for a school leader to improve the status of key conditions in a school such as 

professional development, classroom resources, and academic optimism. Most of the variables 

that a school leader directly controls do not necessarily increase STEM learning in the 

classroom. However, these key school conditions in which a leader makes decisions could 

impact the STEM learning a school indirectly. This includes the culture surrounding the school 

and if teachers are utilizing effective practices for improving STEM outcomes. Teachers have a 

higher probability of directly impacting STEM learning, but school leaders make decisions on 
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variables that influence how well, when, and how often STEM pedagogy is used int eh 

classroom. 

Implications of the Direct Effect of School Leadership for Research. This research 

provides an indication of teacher perceptions that school leaders have an insignificant direct 

impact on STEM student learning. While there might not be a direct impact, it does suggest 

further investigation is needed into the mediating variable of classroom pedagogy and 

moderating variable of school culture. This will allow for the constructs in the school culture and 

classroom pedagogy to be further teased out as related to STEM education so that the 

relationship between school leadership and STEM learning can be investigated through an 

indirect path analysis as opposed to the direct path.  

The Mediating Effects of STEM Pedagogy 

Summary of the Mediating Effects of STEM Pedagogy.  Research question five 

showed that school leadership does have a significant impact on the STEM teaching strategies 

and classroom pedagogy utilized by teachers. The mediated moderation pathway developed for 

question five indicate that as teacher belief of school leadership improves, teaching strategies 

improve (b=.5489, p=.0009). However, the mediated pathway from school leadership to 

classroom pedagogy does not have a significant outcome on STEM student outcomes (b=.0205, 

p=.1487). Thus, school leadership does not have an impact on STEM outcomes indirectly 

through teaching strategies in the classroom. There is a slight positive relationship in which 

STEM pedagogy improves as teacher belief in school leadership improves.  

Since there is a lack of evidence to support statistical significance for the mediated 

model, an analysis of individual demographics and questions for impacts on the dependent 

variables of school leadership and classroom pedagogy is warranted. First, school leadership is 
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considered for an in-depth analysis. Overall, the school leadership categories, in terms of 

agreement by teachers, is scored lower than the other construct areas of school culture and 

classroom pedagogy with the mean value of teacher agreement on school leadership questions at 

2.90 out of 4.00. However, the higher achieving the STEM school, the higher the belief in school 

leader actions. Schools earning the highest ACT STEM scores scored the mean transformed 

school leadership score at 34.58 out of 48 while the lowest schools scored school leadership at 

31.85 which is an increased perception of 2.73 points higher. This shows that higher STEM 

achievement, based on teacher opinion at higher STEM schools, occurs when teachers can trust 

leaders, utilize data analysis, have flexibility for implementation, and understand the high 

expectations as these constructs were scored the highest in school leadership. Additionally, 

teachers with lower class sizes indicate significantly higher belief in school leadership based on 

ANOVA results (p=.032). This is particularly true in the sub-construct area of support and 

development (p=.048).  

 In terms of specific questions that are impactful, there are three questions that make a 

positive impact based on teacher opinions at higher achieving schools when compared to lower 

achieving schools. These include leaders that require high expectations (question 24), data 

analysis in implementing STEM (question 31), and allowing teachers to have flexibility in 

implementing STEM (question 32). Teachers believe that high expectations in terms of school 

leadership is important for STEM education as an ANOVA revealed it to have statistical 

significance for higher STEM achievement (p = .039).  

Regarding the second construct, classroom pedagogy served as the mediator, but analysis 

for classroom pedagogy showed that the higher the STEM score, the higher the teacher belief in 

STEM classroom pedagogy. In fact, for the total population, teacher and student action have the 
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highest sub-construct means. The teacher response for the questions in classroom pedagogy 

resulted in a mean of 3.07 out of a possible 4.00. At a transformed mean score of 63.25 out of 80 

in classroom pedagogy for higher STEM schools, teachers at these high STEM schools believe 

classical researched science, math, and STEM based strategies such as real-world context, 

forcing critical thinking and problem-solving, and connecting to previous knowledge are more 

critical in STEM classroom approaches when compared to lower achieving STEM schools. A 

significant finding for classroom pedagogy is teachers in single high school districts rate 

classroom activity (p = .050) higher when in higher STEM achieving schools based on ANOVA 

analysis.  

Specific questions that have a positive STEM relationship with higher achieving schools 

include teaching strategies such as offering more than minimal guidance (Question 2), 

connecting to previous knowledge (Question 3), using questioning strategies for higher order 

thinking (Question 4), developing problem-solving (Question 5) and critical thinking (Question 

6), using real-world contexts (Question 8), giving students a voice (Question 9), and utilizing 

inquiry (Question 11 and 18). An ANOVA revealed that connecting to previous knowledge even 

has statistical significance between the levels of STEM achieving schools (p = .039). Questions 

that showed a low score or negative relationship for higher STEM schools include using self-

directed learning (Question 13), project-based learning (Question 14), and collaborative 

techniques (ex. peer tutoring and jigsaw) (Question 15) with an ANOVA suggesting that project-

based learning has a significantly negative relationship (p = .006) at higher levels of STEM 

learning.  

Discussion of the Mediating Effects of STEM Pedagogy. There are a variety of variables 

that have shown promise as a mediator between school leaders and learning outcomes. These 
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include the variables of academic press, disciplinary climate, and teacher use of instructional 

time (Leithwood & Sun, 2017). Flexibility in implementation, high expectations, and data 

analysis are critical areas for implementing STEM education. For school leaders’ high 

expectations is clearly one of the areas in which a school leader can improve a school 

(Leithwood & Sun, 2012; Lomos, Hoffman, & Bosker, 2011; Spillane, 2015). However, when 

dealing specifically with STEM expectations, teachers fear that they will not achieve the 

expectations (Bagiati & Evangelou, 2015; Holstein & Keene, 2013). The acknowledgement of 

the high expectations and the fear of the STEM expectations means that teachers need support in 

the implementation of STEM curriculum (McMullin & Reeve, 2014). Thus, this research helps 

extend the idea that high expectations are not only critical at a school but in implementing STEM 

specifically.  

Data analysis and flexibility in the classroom are critical areas that teachers believe 

school leaders can help support the expectations, and the data supports research with STEM 

education. In terms of flexibility in the STEM classroom, Margot and Kettler (2019) indicate, 

“some teachers, especially at the high school level, perceive the integrated nature of STEM 

curriculum is a challenge” (p. 11). Teachers are not willing to completely implement STEM 

education into individual classrooms if there is not flexibility in the daily lessons, scheduling, 

and pacing of curriculum and instruction (El-Deghaidy, et. al., 2017; Lesseig, et. al., 2016). This 

flexibility is especially critical in the classroom due to a variety of STEM experiences and ability 

groups of students (Lehman, et. al., 2014). Thus, school leaders must support this flexibility by 

allowing teachers to make individual sense of the classroom while supporting the strengths and 

weaknesses of the classroom STEM with data analysis (Coburn & Turner, 2011; Schildkamp, 

Karbautzki, & Vanhoof, 2014; Shen & Cooley, 2008; Sun, Johnson, and Przybylski, 2016). As 
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LaForce (2016) suggests, this data analysis allows for “staff foundations that set the stage for 

student directed components to take place” (p. 8) while also helping teacher build the STEM 

efficacy to handle the expectations.   

STEM classroom pedagogy is a recent educational trend that lacks a surplus of empirical 

research into a variety of strategies. A review of STEM literature by Margot and Kettler (2016) 

only found articles dating to 2010, but they found, “Teaching through the engineering design 

process is one approach to integrating the subjects using a project-based approach that requires 

students to apply content knowledge to solve problems. This is the basis for STEM pedagogy” 

(p. 1). As the teacher perceptions of classroom pedagogy indicate, students learn by doing with 

authentic experiences and in-depth problem solving while guided by effective teacher questions 

to lead learning as supported in STEM literature (Bruce-Davis, et. al., 2014; Margot & Kettler, 

2016; Mooney & Laubach, 2002). In fact, the results from this survey with stratified random 

samples support the use of problem-solving, critical thinking, and higher order thinking which is 

one of the key tenets of K-12 STEM education of students learning from making mistakes 

(Moore, et. al., 2014). Thus, this research highly supports the critical pillars of STEM teaching 

strategies that emphasize real-world learning through application. 

Teachers in this data sample believe that many of the key tenants of STEM education are 

effective in creating STEM outcomes including real-world context, capitalizing on student 

experiences, using effective questioning strategies, and developing critical thinking (Margot & 

Kettler, 2019). Teacher perceptions clearly link these pedagogical strategies to student 

knowledge which is critical. This means inquiry as STEM teaching strategy approach is 

important because it allows for hands-on activities in which students apply previous knowledge 

and scaffold this knowledge to the new learning. Lazonder and Harmsen (2016) support this 
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specific strategy with STEM classrooms, but there is must be more than minimal teachers’ 

guidance for effective STEM learning to occur. 

However, the use of project-based leaning, self-directed learning, and collaboration 

triggered a surprising result. PBL and SDL have been linked to success in the classroom largely 

associated with the student-centered approach that these instructional strategies utilize (Clardy, 

2000; Han, Capraro, & Capraro, 2014; Schwalm & Tylek, 2012), but teachers in effective STEM 

schools clearly did not agree that those are effective strategies. This refutes the current literature 

and could potentially be attributed to the lack of teacher guidance associated with these specific 

strategies. Lazonder and Harmsen (2016) indicate that guided inquiry is significantly more 

proficient than unguided inquiry with scaffolds more effective for teenagers stating, “highly 

specific guidance is necessary when teachers want students to maximize their performance” (p. 

706).  

Nelson and Seifert (2013) suggest that teachers must use project-based lessons to support 

critical thinking in STEM education, and Savery (2015) discusses that PBL must be used solve a 

STEM problem in the lesson that meets some goal of learning. The issue with teacher perception 

from this data set could be that teacher understanding of project-based learning is more slanted 

towards self-directed learning in which the teacher has little to no involvement. LaForce (2016) 

suggests that this could also be because “school leaders defined PBL in many ways” (p. 7). 

Instructional strategies are not effective when simply allowing students to attempt to develop 

independent, self-guided knowledge without the aid of a teacher (Kirschner, Sweller, & Clark, 

2006; Psycharis, 2016; Schroeder et al., 2007). Teacher guidance is critical in facilitating 

students to locate, understand, and implement the characteristics of the strategy and ultimately 

construct knowledge (Lazonder & Harmsen, 2016). This combination of research data with 
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literature suggests that STEM pedagogy is most efficient when multiple instructional strategies 

are utilized in the classroom and the teachers guides the student learning at some level. 

Recommendations for Practitioners from the Mediating Effects of STEM Pedagogy 

on School Leadership. While a significant indirect relationship between school leaders and 

educational outcomes in STEM was not shown according to teacher opinions, both data analysis 

and flexibility in the classroom are critical for STEM education. Both ideas have been supported 

in effective leadership, and they can now be linked to aiding STEM outcomes. Data analysis 

must occur at the teacher, leader, and school level. LaForce (2016) indicates that this is a key in 

creating successful STEM schools. According to Sun, Johnson, and Przybylski (2016), some 

leadership practices that can improve a data-wise culture include “fostering data-driven 

knowledge construction and instructional practices sharing” (p. 99) and “developing instructional 

strategies based on data” (p. 99). This will ultimately improve teacher capacity of STEM 

instructional strategies, and this can be accomplished through individual supports of teachers by 

school leaders (Coburn & Turner, 2011) and teacher observations (Cantrell & Kane, 2013). 

However, teachers must use data at the classroom level to determine if a STEM strategy is 

effective in developing STEM learning outcomes or if the specific instructional strategy utilized 

should even be continued (Schildkamp, Karbautzki, & Vanhoof, 2014; Shen & Cooley, 2008).  

For this school wide data focus or as Sun, Johnson, and Przbylski (2016) term data-driven 

school leadership (DDSL) to be effective, teachers must have flexibility to use the data to make 

individual classroom changes. When considering a shift to new instructional strategies supported 

by STEM research, a key element to consider is that the teachers might not have the content or 

pedagogical content knowledge to teach in this manner. Forcing teachers out of a comfort zone 

will result in a lack of use because the pedagogical content knowledge is not there to support the 
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shift (Driel, Beijaard, & Verloop, 2001). Long-term development must be used to help teachers 

create, analyze, and evaluate the strategies through the data. Teacher practical knowledge is 

adjusted when teachers are empowered to modify and adjust to an individual classroom by 

tinkering with new ideas that fit specific needs inside an individual’s pedagogical content 

knowledge (Allen & Penuel, 2015; LaForce, et. al., 2016). 

In addition to data analysis and flexibility, establishing STEM expectations at both the 

teacher and classroom levels is key for creating STEM success. Leithwood and Sun (2012) 

indicate that one major way for transforming a school through leadership is holding high 

performance expectations. In combination with the expectancy-value theory that suggests if a 

teacher believes that success will occur (Wigfield & Eccles, 2000) and teacher input from the 

survey instrument, high expectations at both the school leader, teacher, and student levels are 

critical for STEM learning.  

Individual growth is especially high in STEM effective schools when allowed ownership, 

flexibility, and data analysis. Transformational leadership critically supports this finding because 

this theory of leadership calls for feedback, data analysis, and reflection (Leithwood & Sun, 

2012). This requires a school leader to model these three behaviors for teachers while also 

providing individualized support. LaForce (2016) even points out that flexibility is critical for a 

STEM classroom. However, Thornton and Cherrington (2013) indicate that teachers must be 

able to trust the leader, and Alabama teachers support this idea as survey data points out in 

Question 21 with a high total population response rate of agreement at 3.27. 

Teachers in STEM classrooms should consider a mixture of instructional strategies to 

create STEM learning. Teacher-centered approaches such as direct instruction allow for 

information that is unfamiliar to students to be correctly and appropriately conveyed to a 
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classroom of students. However, student-centered strategies allow for the individual student to 

experience the concept and have a personalization of learning (LaForce, et. al., 2016). If students 

understand there is a combination of strategies and the opportunity to have a hands-on and 

kinesthetic experience, the student motivation level is likely to increase (Bruce-Davis, et. al, 

2014; Van Haneghan, et. al., 2015). NAEP (National Center for Education Statistics, 2019) 

scores even show that students perform better in STEM areas when instructional strategies are 

only utilized once each week. This could take shape in a variety of ways across all content areas. 

For example, students could work collaboratively as a class to re-write the Declaration of 

Independence, social studies could utilize virtual reality goggles to tour Rome, and mathematics 

classes could use shadows to calculate sizes. All of these examples utilize hands-on, student-

centered learning in which students must utilize teacher guidance and critical thinking in 

applying the knowledge to develop solutions. 

Implications of the Mediating Effects of STEM Pedagogy on School Leadership for 

Research. There are many reasons to consider how school leadership impacts STEM learning 

through mediation, and MacKinnon and Luecken (2011) suggest seven major reasons for 

conducting mediation. For this study, one of the primary reasons is for program improvement so 

this research can identify successful and unsuccessful methods for improving STEM education. 

At this stage of research, this study develops an instrument that attempts to provide an action 

theory for how school leadership impacts the mediating variable of classroom pedagogy and a 

conceptual framework how the mediator of classroom pedagogy links school leadership and 

STEM learning outcomes indirectly. As MacKinnon and Luecken suggest, this allows for the 

theory to be built since there is limited research connecting these three variables. Through 

continued research with a larger data population, the measures of the instrument can be improved 
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to specifically consider the critical constructs identified in the initial survey such as real-world 

applications, critical thinking, and problem-solving in pedagogy or data analysis, expectations, 

and flexibility in school leadership.  

The Moderating Effect of School Culture 

Summary of the Moderating Effect of School Culture. To consider research question 

six that studies school culture as a moderator, the total population show that school culture is a 

significant predictor of classroom pedagogy (b=.3505, p=.0028), but the interaction between 

school leadership and school culture does not have a significant result on classroom pedagogy 

(b=.0020, p=.6747). As school culture improves, teaching strategies also improve. This means 

that school culture does not moderate the effect of school leadership on classroom pedagogy.  

There is an interesting point with the data analysis of school leadership in the moderated 

pathways of the total population. Three models containing the support and development sub-

construct in place of school leadership as the predictor variable is moderated by modeling (in 

place of school culture). This is supported in literature (Fore, et. al., 2015; Leithwood & Sun, 

2012; Wayman & Jimerson, 2014) because the support and development subconstruct largely 

deals with the development of professional development while the modeling subconstruct 

includes empowering and aiding teachers in understanding STEM education. Teachers have 

increased perceptions of the impact of professional development when both the school 

administrator and teacher are involved in the professional development. Additionally, when 

considering specific demographic areas for research question six, the content area of science 

teachers perceptions indicate that school leadership actions are moderated by school culture 

(b=.4527, p=.0106).   
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When rated on teacher perceptions, school culture is rated higher for teachers in higher 

achieving STEM schools. Considering the total summed values for school culture, teachers at 

schools with an ACT STEM score between 21 and 22.9 rated school culture at 55.41 out of a 

possible 72 points, but teachers at schools with a STEM score between 15 and 16.9 rated school 

culture at 52.92 out of a possible 72 points. The elevated scores indicate that teachers with higher 

STEM scores have an increased perception that school culture has a larger impact on the 

relationship between school leadership and classroom pedagogy when it comes to STEM 

learning outcomes. This could provide an indication that school culture is a major factor in 

elevating STEM learning since teachers with higher STEM scores believe more highly in school 

culture.  At a demographic level, single high school district teachers show a statistically 

significant positive (p = .041) belief in sense making at higher achieving STEM schools. 

However, what is interesting about the school culture category is that the modeling sub-construct 

rates particularly low for creating STEM learning outcomes according to teachers. In fact, 

teacher involvement in instructional decisions (Question 38), leaders supporting experimentation 

(Question 42), and the empowerment of teachers towards STEM (Question 37) are rated poorly 

by teachers regarding STEM. The subconstructs of sense making and pedagogy efficacy are 

rated highly for effective STEM schools. 

 There are three questions in sense making and three in pedagogy efficacy that have 

positive relationships with higher achieving STEM schools. The three in the sense making sub-

category include making sense of STEM when modeled in PD (Question 44), teachers informed 

about expectations (Question 45), and impacts of motivation level (Question 47). Question 45 

dealing with teachers informed of expectations indicate a significant level increase from low to 

high achieving STEM schools during ANOVA analysis (p = .010). For pedagogy efficacy, 
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teachers reveal that for effective STEM to occur a culture should allow teachers to take 

ownership (Question 48), help believe in STEM pedagogical abilities (Question 49), and 

willingness to invest in STEM strategies even through failures (Question 50). Questions with 

negative relationships based on STEM achievement all came from the modeling category, and 

they include creating a vision for STEM, providing feedback, and collaboration with other 

teachers to discuss STEM (Questions 39 and 40).  

Discussion of the Moderating Effect of School Culture. The use of sense making and 

the development of pedagogy efficacy is linked to transformational leadership and Bandura’s 

mastery experience (1977). If a culture allows for the individual consideration of each teacher to 

practice and experience the use of STEM strategies, there is an increase the probability that a 

teacher will continue to use that strategy because the teacher feels supported (Leithwood & Sun, 

2012). While these ideas are clearly research-based to be effective in schools, they have not been 

directly tied to STEM school cultures. This research extends these constructs to suggest that they 

would help support STEM learning. 

Teachers have ambiguity issues with a school culture when there are conflicting goals, 

absence of measures, and limited resources (Allen & Penuel, 2015). However, as teachers 

practice sense making, pedagogy efficacy will be built. Pedagogical efficacy in STEM education 

allows for the confidence and self-belief to utilize STEM in the classroom (Nadelson, et. al., 

2013; Stohlmann, et. al., 2012; Van Haneghan, et. al., 2015). In fact, Margot and Kettler (2019) 

discuss a significance in efficacy with the value of STEM coming from “teachers’ efficacy 

beliefs and the value they place on STEM education seems to influence their willingness to 

engage and implement STEM curriculum” (p. 10).  
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One finding from teacher perceptions in school culture from the data in this study is 

contrary to literature. Based on the current dataset, teacher opinions at higher achieving schools 

indicate that teachers are not concerned with setting a vision, faculty collaboration, or feedback 

on a large level. From findings in literature, collaboration with other teachers allows teachers to 

discuss STEM specific issues regarding pedagogical approaches including instructional 

strategies, reflect on the effectiveness, discuss strengths and weaknesses, and refine the use of 

the strategy (Bruce-Davis, et. al., 2014; Kyndt, Gijbels, Grosemans, & Donche, 2016; Margot & 

Kettler, 2019; Wang, et. al., 2011). It also provides the opportunity for interdisciplinary 

instruction across all content areas (Herro & Quigley, 2017; Stohlmann, et. al., 2012). 

Additionally, Stoll (2006) and Leithwood and Sun (2012) suggest that two of the effective traits 

of professional development is establishing a shared vision and collaboration.  This negative 

association with high achieving STEM schools related to a STEM vision, feedback, and 

collaboration from this specific teacher population is opposite of research-based strategies.  

What is interesting within the data analysis is that it is opposite of literature related to 

PLCs and setting a vision. A multitude of literature discovered during a review of literature 

indicates that setting a vision by a school leader is critical in any capacity, not just STEM (Hitt & 

Tucker, 2016; Leithwood & Sun, 2012). Public high school teachers in Alabama clearly do not 

support this idea with a total population agreement mean of 2.83, and a negative association 

difference from lower to higher STEM successful schools of -0.67. Additionally, the variety of 

survey questions dealing with PLCs, professional networks, and collaboration among peers to 

grow STEM education is not supported by instrument data. This is opposite of research dealing 

with professional networks, and in fact, Fulton and Britton (2011) suggest that it is crucial to 

improve STEM education. This finding is supported by Nadelson, Seifert, Hettinger, and Coats 
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(2013) who suggest “teachers revealed a high preference for seeking support from educators 

known to them” (p. 82) rather than discuss STEM improvements and outcomes in a much larger 

PLC.  

This could largely be because teachers have not experienced successful professional 

development in general or in utilizing STEM specifically as STEM encompasses a broad field 

that is misunderstood by many leaders. If professional development centered on successfully 

utilizing specific strategies that is mindful of teacher time, allowing for building a vicarious 

experience, and individual reflection, this might improve. Another issue could be that the 

teachers do not trust leaders to allow for effective professional learning or support in utilizing 

effective STEM principles in the classroom. 

Recommendations for Practitioners from the Moderating Effect of School Culture. 

School leaders must ultimately create a culture that helps teachers grow in the abilities to help 

students prepare for STEM post-secondary opportunities. Teacher capacity towards using STEM 

strategies should be based on a constructivist approach in which teachers can have experiences in 

utilizing STEM specific instruction (Peters-Burton, Lynch, Behrend, & Means, 2014). That 

should be built around school leaders granting teachers the autonomy and flexibility in individual 

classrooms to determine the use, strengths, and weaknesses of a STEM strategy (LaForce, et. al., 

2016; Ryan & Deci, 2009). This includes allowing teachers to manipulate the strategy to fit the 

individual needs of each classroom population. School leaders should support this capacity 

increase by observing the teacher and providing feedback in the form of useable and relevant 

data (Borrego & Henderson, 2014; Sun, Johnson, & Przybylski, 2016). This reflection on data 

analysis will help the teacher understand potential barriers prior to a STEM lesson, and the 

combination of data analysis, reflection, and experiences will continue to drive an improvement 
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in the capacity of a teacher. If a school leader helps teachers in this manner, the motivation of 

teachers to experiment and push through lesson failures will also increase, and this will further 

expand the teacher capacity in STEM education.  

As a school begins to focus on improving STEM learning, school leaders must not only 

increase teacher capacity, but build a culture that continues to create belief that the school, 

teachers, and students can be successful in preparing students for STEM post-secondary 

opportunities. To develop the culture towards a continued direction on improving STEM, school 

leaders should place an emphasis on STEM through the principles of transformational 

leadership. This begins with positive and high expectations on the approach in which classrooms 

create STEM learning and ultimately the outcomes of that learning (Hitt & Tucker, 2016; 

McMullin & Reeve, 2014). Leaders must have positive relationships throughout the school 

which triggers teachers to be receptive of clear and concise expectations of the use of STEM 

strategies and student learning outcomes. A school leader should build up teachers through 

positive feedback during the experiences so teachers will take ownership of the STEM learning 

in each classroom.  

When school culture improves, the relationship between school leadership and classroom 

pedagogy ultimately improves. This is evident when evaluating science teachers who are 

typically the most knowledgeable STEM teachers in a school. School culture statistically 

moderates the pathway for science teachers with these science teachers having a positive 

significant difference in classroom activity (classroom pedagogy) and pedagogy efficacy (school 

culture) at higher STEM schools. Clearly, science teachers are more familiar with STEM 

education and the necessary steps to be effective. With this familiarity, there could be a more 

realistic indication that school culture is a major player for a school leader implementing STEM 
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strategies. Thus, a school leader that supports a culture of teacher STEM sense making and 

building the pedagogical efficacy of the teacher in an individual classroom using inquiry, 

questioning, and differentiation could potentially improve the STEM success of students.  

Implications of the Moderating Effect of School Culture for Research. In this 

research study, a unique combination of models was utilized for moderation analysis. While the 

teacher perceptions of school culture were determined through a transformed score of survey 

responses, the moderator was also investigated through an exploratory analysis of subgroups. 

Although the subgroup comparison should be approached with caution due to decreased 

populations, the data does provide initial trends that are unique in the moderation of school 

leadership and classroom teaching as it specifically relates to improving STEM such as sense 

making and pedagogy efficacy. The models developed thorough this path analysis are unique in 

research and should be further investigated with larger datasets in the future. There are two 

primary reasons why the use of school culture proved important in this research according to 

Aguinis (2004). First, there is a lack of an investigation into the school leader and school culture 

impacts on STEM student learning, so effective mechanisms have not been observable. Second, 

this research using a pilot survey and final population analysis serves as an improvement of the 

measure of school culture. While there are limitations with the instrument and measurements, 

they can be improved to continue to develop the models to find observable impacts of school 

leadership on STEM student outcomes. This study is unique in that a survey instrument linking 

the variables of school leadership and classroom pedagogy with a moderator of school culture is 

developed through research-based STEM approaches with the survey and models available to be 

utilized in the future for refinements with larger populations.   
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The Indirect Impact of School Leadership on Student Learning as Mediated by Classroom 

Pedagogy and Moderated by School Culture 

Summary of the Indirect Impact of School Leadership on Student Learning. 

Specifically addressing research question seven for the entire sample population, the indirect 

path shows that school leadership does not have a significant impact on STEM learning through 

the mediation of classroom pedagogy. School leadership does not have a significant impact on 

STEM student outcomes through the direct path when mediated and moderated as suggested in 

research question seven (b=.0205, p=.1487). While this improvement in teacher beliefs did not 

result in increased STEM outcomes, it does suggest that STEM teaching improves as a teacher 

thinks positively of the school administration or school culture in the school.  

 Research question seven considers the entire pathway of mediated moderation of school 

leadership, school culture, and classroom pedagogy of STEM learning. No combination of 

construct, subconstruct, or demographic resulted in a statistically significant impact on STEM 

student outcomes. However, the results of the model indicate that, for the total sample, the 

indirect effect becomes more positive as the data moves from levels of lower school culture to 

higher school culture.  

Discussion of the Indirect Impact of School Leadership on Student Learning. Not 

surprisingly, schools with higher STEM success display more friendly demographics. These 

include students with lower socioeconomic status, higher levels of teacher certification, lower 

class sizes, and single high school districts. This typically means that teachers in these schools 

have more resources in which to improve STEM education. Higher levels of school culture are 

associated with these demographics in the survey data. But the demographic variables could 

possibly contribute to the effectiveness of the STEM education.  
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 This is particularly true when considering the two strata of high schools in a multiple 

high school system versus a single high school system. In the state of Alabama, public high 

schools in single high school districts tend to have more resources both financially and 

instructionally, and these schools typically have those STEM friendly demographics. While the 

data did not reveal a significant difference, the data in this research does provide some indication 

that schools with more resources like single high school districts have higher outlooks on how 

school leaders and a school culture can impact STEM classroom instruction. These schools also 

have improved ACT STEM scores that could potentially be linked to school leadership actions 

towards improving STEM, but this would warrant further investigation. 

 The construct variables of school leadership and school culture did not prove to 

significantly indirectly or directly impact STEM learning based on teacher perceptions. 

However, the two variables did have significant and positive relationships with STEM teaching 

and pedagogy. As teachers have higher belief in school leaders and school culture, the level of 

instruction will also improve. Instruction for STEM education should include a variety of 

instructional methods. Regardless of the exact method, STEM classroom pedagogy should utilize 

real-world experiences in which the student uses critical thinking and problem-solving. Learning 

to use these strategies requires opportunities for sense making, autonomy, and flexibility in the 

classroom. As Leithwood and Sun (2012) point out, for a school leader to create a culture that 

supports this teacher growth and development, individual consideration of each teacher’s STEM 

efficacy and capacity must be considered.  

One important aspect of this data is that it serves an initial point in the development of a 

STEM instrument that connects the three constructs of school leadership, school culture, and 

pedagogy to STEM learning. The initial results did not produce significant outcomes that point 
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directly to a specific improvement based on research. However, this study does provide a survey 

model that can be utilized to help evaluate the relationships between school leadership, school 

culture, and classroom pedagogy to STEM education. In the future, a study could be conducted 

to reduce the measure to a more parsimonious model. This would make the instrument more 

valid based on the current results of this study and improved through another exploratory factor 

analysis. The continued development of the model would provide an instrument for STEM 

research that does not currently exist, as well as potentially reduce the error and bias by 

expanding the population sample to create significant findings.  

Recommendations for Practitioners from the Indirect Effect of School Leadership 

on Student Learning. While this study is limited to a small population of teachers, it suggests 

potential for consideration that school leaders can improve student learning through this indirect 

path of focusing on teacher improvement. This is largely shaped through school culture in which 

the school leader acts an instructional leader that utilizes a professional community to create 

focused instruction such as STEM to improve student learning (Louis, 2015). This improvement 

in student learning occurs indirectly through the rational path because the school leader 

influences the STEM curriculum, teaching, and learning (Leithwood, Patten, & Jantzi, 2010; Sun 

& Leithwood, 2016). Leithwood and Sun (2017) even showcase how school conditions 

controlled by school leadership include specific variables that indirectly trigger positive gains in 

student learning.  

To accomplish the development of STEM capacity and pedagogical efficacy of teachers, 

school leaders must be careful of the professional development utilized in the school. This study 

extends that the design of the STEM based PD could have an individual consideration in which 

each teacher can understand the experiences that he or she had (Leithwood & Sun, 2012). That 
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requires a focus on data in which teachers and leaders collectively consider observations and 

assessment data. However, teachers in this sample population prefer these analysis and 

discussion of STEM education to occur in smaller groups of teachers, and for the discussions to 

be effective, the teachers must trust the leaders and peers that are involved in the discussion 

(Margot & Kettler, 2019; Nadelson, et. al., 2013). Teachers also consider effective professional 

development to include when a leader, teacher leader, or peer models an effective lesson while 

talking about the strengths and pitfalls of the lesson (Carrino & Gerace, 2016). This vicarious 

experience provides insight to teachers on how the STEM strategy can be used in individual 

classrooms.  

Teachers prefer an individual growth mindset and that STEM success is developed by 

building individual teacher capacity. Most survey items that dealt with professional development 

or collaboration with leaders or peers is rated poorly. This is particularly true for the school 

leadership sub-construct of support and development and the modeling sub-construct of school 

culture. According to teacher perceptions, success in STEM is largely dependent on the 

individual teacher making sense of utilizing STEM strategies in his or her own classroom. Sense 

making is largely unexplored in STEM literature, and Allen and Penuel (2015) define this as 

“one productive way to analyze how teachers wrestle with issues of coherence, as it considers 

how local actors negotiate meaning from a variety of, often conflicting, messages they encounter 

in their local environment” (p. 137). Sense making in STEM, particularly with teachers without 

STEM pedagogical experiences, occurs when teachers make sense of the ambiguity and 

uncertainty of wrestling with STEM and continue to grow when making decisions that impact 

STEM teaching. In other words, it helps teachers build STEM pedagogical content knowledge 

and efficacy which fills in a gap in the current STEM literature. 
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This idea is supported in a variety of other research mechanisms. First, Bandura (1977) 

suggests that for any learning experience, particularly learning to utilize effective STEM 

practices, the teacher must build on individual mastery experiences. Mastering STEM in the 

individual classroom falls in line with one of the five domains that is critical according to Hitt 

and Tucker which is allowing teachers to build individual capacities (2016). Falling in line with 

teacher perceptions of building effective STEM education, a leader needs to have careful 

individualized consideration of each teacher (Leithwood & Louis, 2012). It is also supported by 

the self-determination theory that suggests if a school allows for teacher autonomy and 

competency in developing STEM, the teacher will continue to develop the motivation to improve 

STEM learning.   

When learning to utilize new pedagogy teachers desire individual consideration from 

school leaders in which the teacher can make sense of the strategies in his or her classroom. In 

this case STEM specific strategies include utilizing critical-thinking and problem-solving 

through real-world and inquiry contexts. This requires a school leader to offer to a combination 

of autonomy and flexibility in learning to use these strategies, but the teachers also need 

development through modeling the use of the strategy and analysis of effectiveness using data. 

While several key ideas of professional development from literature are not supported by the 

teachers, it could be because the STEM professional development is not built around teacher 

sense making and modeling. If a school leader creates a culture and PD that is not a “one size fits 

all” model, but instead meets the teacher at their current level, the STEM teaching capacity and 

student outcomes could be improved. 

In terms of pedagogy related to STEM learning, students might not be able to scaffold to 

previous knowledge without effective guidance, explanations, and questions. Without guidance 
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in a strategy such as PBL the students will struggle to have a diverse foundation of base 

knowledge to create effective learning or classroom products. Kirschner, Sweller, and Clark 

(2006) indicate that students cannot learn without the appropriate schemata. Inquiry, questioning 

strategies, and differentiation among the knowledge and experiences of students are more 

controlled by the teacher, but simply utilizing PBL with no guidance or self-direction does not 

allow students to have the guidance or scaffold to always be successful with an activity or 

concept. In fact, a report by McKinsey & Company shows that a blend of teacher-directed and 

inquiry result in elevated outcomes (Mourshed, Krawitz, & Dorn, 2010).  

To accomplish this organizational school leadership task, Leithwood, Sun, and 

Schumaker (2019) parallel these findings through several insights. First, school leaders must set 

the direction by developing high performance expectations. The teacher perceptions of the 

support and development subconstruct in school leadership clearly support this idea for 

implementing STEM education. The second domain in which the current research mirrors these 

findings is through building relationships and developing people. To accomplish this domain a 

school leader should “stimulate growth in the professional capacities” and “provide support and 

demonstrate consideration for individual staff members” (p. 32). By allowing individual 

consideration and differentiation of learning at both the teacher and student level, a school leader 

can begin to support the growth mindset of teachers and students towards positive STEM student 

outcomes.  

Implications of the Indirect Effect of School Leadership on Student Learning for 

Research. While there does not appear to be a statistically significant or robust finding among 

the models concerning mediation of school leadership by classroom pedagogy or moderation 

with school culture when dealing with successful STEM learning, the study did unearth several 
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key teacher opinions of effective STEM practices. These findings could potentially have impact 

on research related to STEM education as well as how practice in the classroom could be 

improved. The data could be used to drive further improvements with the survey instrument to 

ultimately reveal statistical improvements for creating STEM learning. 

 Fairchild and MacKinnon (2009) indicate that general models that include both mediation 

and moderation in the form of mediated moderation include variables that are special cases. 

Typically, the moderator variable is a simple demographic variable such as age. The survey 

instrument developed in this study utilizes both unique moderator and mediating variables in 

school culture and classroom pedagogy respectively. This is an important beginning of an 

instrument as a form of pathway analysis that can be utilized to further understand and improve 

STEM education in high schools. This is particularly true considering the use of research to 

develop the extensive instrument and unique pilot survey analysis that can be utilized to further 

develop this or other instruments. Initial results provide feedback into specific construct areas 

that could improve the survey. However, increase volumes of sample and subgroup data will 

provide more analysis into the models that have more influence on STEM education. Thus, the 

research presented provides a pathway to create a pilot analysis and further improved instrument 

to connect the three variables of school leadership, school culture, and classroom pedagogy and 

how the three influence STEM learning outcomes. 

Conclusions 

 While the models and path analysis do not provide a significant relationship between 

school leadership, school culture, and classroom pedagogy on STEM learning, this research does 

begin to expand knowledge of STEM education. It is unique to literature because it involved 

mass teacher perception in an empirical format. However, that dataset in this study should be 
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considered exploratory due the smaller sample sizes. This is particularly true when investigating 

the different demographics and could be a reason why the models in the various path analyses 

did not provide significance.  

Analysis of teacher perceptions results does provide indications that expectations and 

sense making when supported by school leaders is important. However, statistical analysis does 

not provide a significant finding for these constructs. This could be an indication that the quality 

of the measure from the developed survey could be a cause of non-significance. Further 

refinements of the instrument could be utilized to help reduce or eliminate the levels of non-

significance created by the survey itself. Ultimately, these improvements could help create 

significant findings to help improve STEM practices at school, and more accurate policies could 

be developed as STEM understanding would be improved. 

This dissertation attempts to connect school leadership actions to STEM learning through 

school culture and teaching strategies. What evolved during the analysis of the dataset is that 

teachers perceive certain sub-construct areas as more important such as sense making and 

pedagogy efficacy in school culture. The survey could potentially be further improved through a 

reduction of questions to some of these important concepts. This would reduce the number of 

questions on the survey, and that change could potentially increase the number of teacher 

respondents. However, an increase in the number of respondents is critical to improving this 

research to confirm if teacher perceptions of research-based practices so as professional learning 

and setting a vision are accurate. Some of the findings should be considered with caution as the 

subgroups in the data set were small. An improvement of the data population would also increase 

the subgroup data populations for a more robust analysis, and these improvements could be 
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coupled with more strata of the sampling such as high school size or socioeconomic levels of the 

school for further analyses.  

Finally, more STEM data could be collected such as longitudinal ACT scores and 

qualitative data with open-ended responses in the survey to provide a more accurate picture of 

STEM effectiveness in a school. These improvements could further define the relationship 

between school leadership and STEM education to ultimately help practitioners drive 

improvements in developing successful STEM student learning and post-secondary outcomes. 

This research provides an instrument that considers the variables of school leadership, 

school culture, and classroom pedagogy impact on STEM education. A unique instrument does 

not currently exist; however, the instrument is still in its infancy. The initial dataset does provide 

some insight into the relationships, but the instrument needs further development. This would 

allow for the inclusion of stratum based on the number of students in the school or the 

socioeconomic status. It would also improve the fairness by ensuring that survey items function 

similarly between subgroups through analysis with the item response theory. 

Also, based on previous research evidence (Hallanger & Heck, 1996; Leithwood & 

Louis, 2012; Leithwood, Patten, & Jantzi, 2010; Leithwood & Sun, 2017), school culture is a 

known moderator of teaching practice. The non-significant moderation could be due to the 

possibility that STEM culture and pedagogy both mediate the school leadership impact on 

student learning. Thus, when school culture was utilized as a moderator, there is a surprising 

moderated effect because school culture could correlate with pedagogy significantly. This could 

potentially be an issue with non-significant effect of the relationships in the study. However, the 

use of school culture as a mediating variable between school leadership and STEM student 

outcomes should be considered in future studies. 
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In addition, a methodological process is presented that could be utilized in the 

development of effective instruments for these types of analyses. That begins with the 

development of a powerful instrument built on a multitude of literature related to the constructs. 

For example, the data suggests that the relationship could potentially be drilled down into the 

implementation subconstruct of school leadership and sense making and pedagogy efficacy 

subconstructs in school culture. It also provides a unique combination of classical test theory and 

item response theory in the development of a pilot instrument.  

Contributions and Limitations 

 This research study explores the relationship between how school leaders can affect 

STEM learning with impacts from school culture and classroom pedagogy, and there were 

unique contributions and limitations in how the study was designed and executed. One of the 

greatest strengths of this study is that it utilizes a unique data set. The survey instrument offered 

teachers in public high schools across the state of Alabama the opportunity to provide 

professional opinions on effective STEM education as it relates to school leadership, school 

culture, and teaching strategies. Furthermore, the data set includes all content teachers and not 

just science, mathematics, and career technical teachers as is typically associated with STEM 

education. By using a rich set of variables on the three constructs of school leadership, school 

culture, and teaching strategies, teacher perceptions can provide specific areas in which school 

leaders can improve a school setting to ultimately improve STEM learning. There are few studies 

that investigate STEM education in relation to school leadership and school culture, and this is 

one of the first studies that links the three constructs when dealing specifically with STEM. 

To improve STEM student learning, there seems to be some key methodological 

implications. In terms of pedagogy, the data clearly supports the pillars of STEM instruction 
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found throughout literature. However, there are two areas that should become the focus based on 

the data. First, there appears an effect in implementation of school leadership indirectly on 

STEM learning through the establishment of trust, flexibility, high expectations, and data 

analysis. Second, both sensemaking and pedagogy efficacy seem could be powerful components 

of a school culture in driving improvements in STEM. These two areas warrant further 

investigation.  

 Another strength of this study is that it provides a launching point to further 

quantitatively explore the impacts of school leadership and school culture on STEM learning. By 

developing a valid and reliable instrument that is related to these constructs, the study potentially 

broadens further investigation into how these constructs can improve STEM education. The 

initial dataset provides a foundational view that is not established in literature. Teacher 

perceptions of the specific constructs allow for trends to be analyzed for improvements in the 

survey and school setting. 

 At the same time, there are clear limitations that hinder what knowledge is gathered from 

this study. One substantial limitation deal with the administration of the survey. There is a 

sample rate of 42%, and on-line mechanisms make getting the survey to administrators at a high 

school easy. However, what proved difficult is getting teachers to complete the survey even with 

several reminders. This could largely be because teacher time is critical, and the survey is 60 

questions in length. It would be helpful if more teachers completed the survey to provide more 

detailed trends in the data analysis as the 250 teachers from the stratified random sample are not 

an entire representation of teachers across Alabama.  

A second limitation is that the definition that schools have used to define STEM is 

expansive, and it sometimes does not include all content areas or each of the areas considered a 
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“silo”. This means that some of the population completing the survey does not have an accurate 

or similar understanding of STEM even with clear instructions based on the focus group 

interview. Another limitation is that the ACT math and science scores reported by the state of 

Alabama is a single window into the STEM effectiveness of a school. The 2018-2019 ACT 

administration to the 11th grade at these schools dictates the effectiveness of STEM learning, but 

more data could help provide a better picture of STEM at each school.  

Additionally, the strata that were chosen for the stratified random sample of multiple 

versus single high schools in a district only allowed for two strata. This did not provide for 

separation by socioeconomic status or size of the school. By increasing the number of strata, the 

increase the amount of data could allow for teacher perceptions to be further dissected as the 

current data was only limited to two groups. In the future more strata would provide more details 

about the STEM beliefs of teachers in different groupings.   

It is critical for school leaders to begin to consider how to improve STEM education so 

that schools can begin to prepare students to meet the future demands of this industry. What the 

literature reveals throughout this study is that STEM cannot be fixed with a single program, and 

there is not a silver bullet that will fix STEM inside a school. STEM education must be a mindset 

change for leaders, teachers, and students in which students in the classroom simultaneously 

build the skills and knowledge necessary. However, as a school leader, what is unexpected is that 

teachers want leaders that allow for them to make sense of using these strategies in their 

individual classrooms, and that leaders should focus on building STEM efficacy and capacity at 

the individual level. Much as students are considered individual leaners that need differentiation, 

teachers should also be considered from this perspective when learning to develop STEM 

success. As a leader this research suggests that it is crucial to consider improving STEM learning 
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by utilizing transformational leadership. Through high expectations and individual teacher 

consideration, STEM education can be improved when school leaders build up each teacher.   
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APPENDIX A: INTERVIEW PROTOCOL FOR FOCUS GROUP 

 

The Interview Protocol for Teacher Focus Group 

In interviewing teachers we will be guided by a 9-question, semi-structured protocol focused on 

teachers’ views of the usability of the survey, and their individual opinions on the focus on 

STEM in the School Leadership, Culture, and Pedagogy Impacts on STEM Outcomes survey. 

Each teacher in the focus group will have completed the on-line survey through Qualtrics prior to 

the focus group. 

Interview Questions--Teacher 

No. Questions Notes 

1 What does the term “STEM lesson” in the survey mean to you?  

2 How do you define “STEM lesson”?  

3 How did you feel about the definition of STEM as defined by the survey?  

4 What do you think about the survey?   

5 Which question(s) or concept(s) are not clear?  

6 Which question(s) did you have difficulty answering?  

7 Did you feel as though there was clarity in the instructions?  

8 Which questions did you feel as though they were not related to the topic?  

9 What problems do you see for teachers completing this survey?  

10 How do you feel the survey or survey process could be improved?  
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APPENDIX B: INTERVIEW PROTOCOL FOR EXPERT ANALYSIS OF SURVEY 

 

The Interview Protocol for Expert Judge Analysis 

In interviewing the expert judges, we will be guided by a 4 item response set. For each individual 

question on the survey, the expert judge will mark his or her opinion if the survey item is on 

classroom pedagogy, school leadership, or school culture is relevant to STEM education. The 

questions will be rated on a scale of 1 to 4 with 1 being weak relevance, 2 as slight relevance, 3 

as moderate relevance, and 4 as strong relevance. In addition, please note down any word, 

phrase, or question that are not clear to you in the notes section. 

Expert Judge Analysis of Survey Questions on Teacher Perceptions on School 

Leadership, Culture, and Pedagogy Impacts on STEM Outcomes Survey Instrument 

Question 

No. 
Relevance Rating Notes 

  
Weak 

Relevance 

Slight 

Relevance 

Moderate 

Relevance 

Strong 

Relevance 
  

1 1 2 3 4   

2 1 2 3 4   

3 1 2 3 4   

4 1 2 3 4   

5 1 2 3 4   

6 1 2 3 4   

7 1 2 3 4   

8 1 2 3 4  

9 1 2 3 4   

10 1 2 3 4   

11 1 2 3 4   

12 1 2 3 4   

13 1 2 3 4   

14 1 2 3 4   

15 1 2 3 4   

16 1 2 3 4   

17 1 2 3 4   
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18 1 2 3 4   

19 1 2 3 4   

20 1 2 3 4   

21 1 2 3 4   

22 1 2 3 4   

23 1 2 3 4   

24 1 2 3 4   

25 1 2 3 4   

26 1 2 3 4   

27 1 2 3 4   

28 1 2 3 4   

29 1 2 3 4   

30 1 2 3 4   

31 1 2 3 4   

32 1 2 3 4   

33 1 2 3 4   

34 1 2 3 4   

35 1 2 3 4   

36 1 2 3 4   

37 1 2 3 4   

38 1 2 3 4   

39 1 2 3 4   

40 1 2 3 4   

41 1 2 3 4   

42 1 2 3 4   

43 1 2 3 4   

44 1 2 3 4   

45 1 2 3 4   

46 1 2 3 4   

47 1 2 3 4   

48 1 2 3 4   

49 1 2 3 4   

50 1 2 3 4   

51 1 2 3 4   

52 1 2 3 4   

53 1 2 3 4   

54 1 2 3 4   

55 1 2 3 4   
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56 1 2 3 4   

57 1 2 3 4   

58 1 2 3 4   

59 1 2 3 4   

60 1 2 3 4   

61 1 2 3 4   

62 1 2 3 4   

63 1 2 3 4   

64 1 2 3 4   

65 1 2 3 4   

66 1 2 3 4   

67 1 2 3 4   

68 1 2 3 4   

69 1 2 3 4   

70 1 2 3 4   
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APPENDIX C: QUALTRICS VERSION OF SCHOOL LEADER, CULTURE, AND 

PEDAGOGY IMPACTS ON STEM OUTCOMES PILOT SURVEY 

 

Teacher Perceptions of School Leader, Culture, and Pedagogical Impacts on STEM 

Outcomes (Pilot) 

 

 

Start of Block: Consent 

 

Christopher Walters, Principal Investigator for this research study at the University of Alabama, 

is completing this research study as a Ph.D. student in education administration at the University 

of Alabama in the Department of Educational Leadership, Policy, and Technology Studies in the 

College of Education. This study is called “A Quantitative Analysis of Mediated Moderation 

towards Improving STEM Student Outcomes through School Leadership, School Culture, and 

Pedagogical Approaches”. It is the aim of this research to identify variables that will provide 

insight into how school leaders can build a culture in a school that supports teachers to prepare 

students to meet the STEM needs of society.  Taking part in this study involves completing a 

web survey that will take approximately 20 to 30 minutes. The purpose of this survey is to obtain 

information about what you think of certain aspects of STEM education. Questions are about 

STEM pedagogy in the classroom, school leader actions that support STEM education, and a 

school culture of STEM growth. We will protect your confidentially by using the on-line survey 

to collect survey data. Your name and participation will not be identified, even unknown to the 

research team. You can choose to complete the survey at your home or any private place you 

prefer. All corresponding data-related documents filed in the researchers’ computers will be 

accessed only by the investigator or dissertation committee. Raw data will remain in the 

investigators computer one year after which the data will be destroyed. Only summarized data 

will be presented or published. There will be no direct benefits to you. The findings will be used 

in an effort to identify weak areas in STEM education and help inform school leaders and 

teachers on improving STEM education in the school. Generally, the participants will at no time 

be at any risk of harm. You will not be judged or evaluated by your responses. The only possible 

risk is that some of the questions may make you uncomfortable. You may skip any questions you 

do not wish to answer. If you have questions about this study right now or in the future, please 

ask them. Please contact the investigator, Chris Walters, by phone at (256) 566-5413 or email at 

cwalters131@gmail.com, or the dissertation committee chair Jing Ping Sun, (205) 348-6082 or at 

jsun22@ua.edu. If you have questions or complaints about your rights as a research participant, 

call Carpantato Myles, in the Office for Research Compliance of the University of Alabama at 
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(205) 348-8461. You may also ask questions, make a suggestion, or file complaints and concerns 

through the Office for Research Compliance website at http://ovpred.ua.edu/research-

compliance/. After you participate you are encouraged to complete the survey for research 

participants that is online through this website, or you may request a paper copy from Chris 

Walters. You may also email us the compliance department at rscompliance@research.ua.edu.   

YOUR PARTICIPATION IS COMPLETELY VOLUNATRY. You are free not to participate or 

stop participating any time before you submit your answers. If you understand the statements 

above, are at least 19 years old, and freely consent to be in this study click on the I AGREE 

button to begin.  

o I Agree  (1)  

o I Do Not Agree  (2)  

 

End of Block: Consent 
 

Start of Block: Directions 

 

The purpose of this survey is to consider your opinion of effective pedagogical approaches in 

STEM education and how a school leader can create a school culture that supports effective 

STEM pedagogy. For this survey, STEM pedagogy is defined by Tsupros, Kohler, and Hallinen 

(2009) as a curricular focus in teaching and controlling student learning on science, technology, 

engineering, and mathematics. It is an interdisciplinary pedagogical approach in which the 

application of science, technology, engineering, and mathematics are presented in a rigorous 

format through real-world lessons and "in contexts that make connections between school, 

community, work, and the global enterprise enabling the development of STEM literacy and 

with it the ability to compete in the new economy” (2009). Answers provided on this survey will 

remain anonymous. 

  Tsupros, N., Kohler, R., & Hallinen, J. (2009). STEM education: A project identify the missing 

components. Intermediate Unit 1. Carnegie Mellon: Pennsylvania.   

     Directions: Please indicate the extent to which you agree with the following statements on 

STEM education from Strongly Disagree, Disagree, Agree, and Strongly Agree. Your 

answers are confidential.  

 

End of Block: Directions 
 

Start of Block: Classroom Pedagogy 
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Q1         I teach as the   facilitator of knowledge in STEM classrooms for effective student 

learning.       

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q2 I offer more than minimal guidance to have effective STEM lessons. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q3 I connect to knowledge that students already have in STEM education.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q4 I use questioning strategies that require higher order thinking during effective STEM lessons. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q5 I am confident that I can answer students’ STEM questions. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q6 I help students to develop the real-world skill of problem-solving in STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q7 I help students to develop the real-world skill of critical thinking in STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q8 I help students to develop the real-world skill of collaboration in STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q9 I develop student learning by creating active experiences with a concept in STEM education. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q10 I develop student learning of STEM concepts when the students complete activities with a 

real-world context.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q11 In my STEM classroom students have increased learning when they their voice or opinion is 

involved in the activity. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q12 Effective STEM pedagogy involves open-ended problems in which students are forced to 

apply knowledge to create a solution. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q13 I create improvements in student cognition of STEM concepts through effective classroom 

dialogue. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q14 I use inquiry lessons in which the students have a hands-on experience in the STEM 

classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q15 I require students to consistently test for a hypothesis in the STEM classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q16 I require students to make observations in the STEM classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q17 I use self-directed learning by students in a classroom to improve STEM student outcomes.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q18 I use project-based learning in a classroom to improve STEM student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q19 I use collaborative techniques (ex. Peer tutoring, jigsaw) in the classroom to improve STEM 

student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q20 I use computer-assisted instruction in the classroom to improve STEM student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q21         I use direct   instruction (ex. Lecture) in the classroom to improve STEM student 

outcomes.        

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q22         I prefer experiments   by students in the classroom to improve STEM student 

outcomes.       

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q23 I prefer class demonstrations in the classroom to improve STEM student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q24 I use inquiry activities in the classroom to improve STEM student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q25 Student engagement increases when concepts are connected to ideas in all content areas. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q26 Higher levels of student engagement in STEM lessons is created when the student can relate 

the concept directly to his or her personal life. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q27 Student engagement improves in STEM education when students are allowed to use real-

world equipment. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q28 Student engagement improves in STEM education when students are allowed to use current 

forms of technology. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Page Break  

 

End of Block: Classroom Pedagogy 
 

Start of Block: School Leadership 

 

Q29 STEM pedagogy in the classroom require more frequent observations from school 

leadership. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q30 Professional development designed by school leaders to improve STEM pedagogy must be 

engaging for it to be effectively implemented in the classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 



226 

 

Q31 To effectively implement STEM pedagogy, school leaders create a school environment in 

which the teachers trust the school leaders. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q32 School leaders create STEM professional development that is highly adaptive in its design. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q33 School leaders support the sharing of STEM ideas by teachers through discussions on 

improvements. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q34 School leaders implementation of STEM pedagogy requires high expectations in which all 

teachers are held accountable. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q35 School leaders create good coordination of STEM pedagogical implementation by requiring 

professional development or a professional learning community that meets weekly. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q36 For effective implementation of STEM activities, school leaders maintain a school structure 

that allow for STEM planning time during the school day. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q37 School leaders help teachers accumulate necessary resources to effectively implement 

STEM pedagogical approaches. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q38 To sustain effective STEM pedagogy school leaders use STEM based professional 

development that lasts longer than 1 school year. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q39 School leaders improve STEM use by organizing teachers in units or teams as opposed to 

separate individuals. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q40 I share experiences through collaboration with my colleagues on effective supervision of 

STEM classroom approaches. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q41 School leaders help identify learning barriers to overcome in STEM lesson development. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q42 I know the steps necessary to effectively teach STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q43 Data analysis is a critical component of implementing STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q44 To effectively implement STEM pedagogy, I need a high level of flexibility. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Page Break  

 

End of Block: School Leadership 
 

Start of Block: School Culture 

 

Q45 To create an effective STEM culture, school leaders encourage teachers to help build the 

STEM goals for the school. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q46 For effective STEM implementation school leaders actively participate in all STEM 

processes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q47 School leaders create a clear vision of STEM goals. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q48 School leaders create an environment where feedback from school leadership is critical in 

supporting STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q49 School leaders empower school staff to make STEM instructional decisions rather than 

waiting for school leaders to tell what to do. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q50 For effective STEM implementation, school leaders collectively involve teachers in the 

decision-making process.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q51 School leaders develop a STEM culture in which teachers discuss instructional STEM 

curriculum issues. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q52 To develop STEM shared values, school leaders require collaboration among staff. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q53 School leaders ensure STEM discussions occur with teachers. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q54 School leaders create a sense of collective responsibility in utilizing STEM. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q55 School leaders support teachers’ experimentation of STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q56 School leaders encourage teachers to continually reflect on STEM teaching practice. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q57 Teachers make more sense on using effective STEM pedagogy when modeled through 

professional learning. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q58 Teachers are informed about the expectations of STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q59 To understand STEM pedagogy, teachers have experiences to make sense of effective 

implementation. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q60 Teachers’ motivation level dictates the effectiveness of STEM implementation in a 

classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q61 Teachers would be more likely to use STEM pedagogy if they are allowed to take 

ownership of the implementation in my classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q62 Teachers’ beliefs in their pedagogical abilities is critical in implementing STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q63 Teachers are willing to attempt to use STEM pedagogy even if it fails in the classroom on 

the first attempt when supported by school leadership. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q64 Teachers seek alternatives to STEM classroom issues rather than repeating what has been 

historically done when supported by school leadership. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Page Break  

 

End of Block: School Culture 
 

Start of Block: Demographic Directions 

 

Q118 Directions: Please answer the following questions to the best of your knowledge about 

your current school and educational employment. Circle the appropriate response. Remember 

that your survey is anonymous.  

 

End of Block: Demographic Directions 
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Start of Block: Demographics 

 

Q66 How many years have you served in education? 

o 0 to 5 years  (1)  

o 6 to 10 years  (2)  

o 11 to 20 years  (3)  

o More than 20 years  (4)  

 

 

 

Q67 Which content area do you predominately teach? 

o English or Language arts  (1)  

o Mathematics  (2)  

o Science  (3)  

o Social Studies  (4)  

o Career and Technical  (5)  

o Fine Arts  (6)  

o Other  (7) ________________________________________________ 
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Q68 How many students do you have in an average class? 

o 0 to 10 students  (1)  

o 11 to 20 students  (2)  

o 21 to 30 students  (3)  

o More than 30 students  (4)  

 

 

 

Q69 What is your level of teacher certification? 

o Class B (bachelor's program)  (1)  

o Class A (master's program)  (2)  

o Class AA (sixth-year program)  (3)  

o Special Alternative Certificate (SAC)  (4)  

o Alternative Baccalaureate Level Certificate (BAC)  (5)  

 

 

 

Q70 In which high school and school system in Alabama are you currently employed? 

High School (1)  

School District (2)  

▼ Autauga Academy (1) ... Zion Chapel High School ~ Coffee County (940) 

 

End of Block: Demographics 
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APPENDIX D: SURVEY QUESTIONS FOR PILOT SURVEY WITH REFERENCES 

FROM LITERATURE 

 

➢ Classroom Pedagogy 

➢ Teacher actions 

1. In STEM pedagogy, teachers must become facilitators of knowledge in STEM 

classrooms for effective student learning. 

a. Caparo, et. al, 2016 

b. Driscoll, 2005 

c. Eberbach & Crowley, 2009 

d. Furtak, Seidel, Iverson, & Briggs, 2012 

e. Kirschner, Sweller, & Clark, 2006 

f. LaForce, et. al., 2016 

g. Lord, 1999 

h. Llewellyn, 2002 

i. Psycharis, 2016 

j. Schroeder et al., 2007 

2. Teachers must offer more than minimal guidance to have effective STEM lessons. 

a. Furtak, Seidel, Iverson, & Briggs, 2012 

b. Kirschner, Sweller, & Clark, 2006 

c. Lazonder & Harmsen, 2016 

d. Psycharis, 2016 

3. Teachers in STEM education should connect to knowledge that students already have.  

a. Driscoll, 2005 

b. Eberbach & Crowley, 2009 

c. Furtak, Seidel, Iverson, & Briggs, 2012 

d. Piaget, 1972 

e. Schroeder, Scott, Tolson, Huang, & Lee, 2007 

f. Simon et al., 2015 

g. Tsupros, Kohler, & Hallinen, 2009 

h. Vygotsky, 1978 

4. In STEM pedagogy teachers must use higher order teacher questioning strategies. 

a. Lazonder & Harmsen, 2016 

b. Psycharis, 2016 

c. Schroeder, Scott, Tolson, Huang, & Lee, 2007 

d. Tofel-Grehl & Callahn, 2016 

5. Teachers must be confident that they can answer students’ STEM questions. 

a. Borrego & Henderson, 2014 

b. Hitt & Tucker, 2016 
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c. Koellner & Jacobs, 2015 

d. LaForce, et. al., 2016 

 

➢ Student actions 

6. Through STEM pedagogy students to develop real-world skills such as problem-solving, 

critical thinking, and collaboration. 

a. Abrami et. al., 2015 

b. Duke, Halvorsen, & Strachan, 2016 

c. Han, Capraro, & Capraro, 2014 

d. Le, Robbins, & Westrick, 2014 

e. Schwalm & Tylek, 2012 

7. Students in STEM education learn through by having active experiences with a concept. 

a. Furtak, Seidel, Iverson, & Briggs, 2012 

b. Han, Capraro, & Capraro, 2014 

c. Hein, 1991 

d. Lazonder and Harmsen, 2016 

e. Llewellyn, 2002 

f. Merriam & Bierema, 2014 

g. Schwalm & Tylek, 2012 

8. Students learn STEM concepts at higher level when they complete activities with a real-

world context.  

a. Duke, Halvorsen, & Strachan, 2016 

b. Lazonder & Harmsen, 2016 

c. Pryor, Pryor, & Kang, 2016 

d. Schroeder, Scott, Tolson, Huang, & Lee, 2007 

e. Schwalm & Tylek, 2012 

9. In STEM classrooms students have increased learning when they have their voice or 

opinion is involved in the activity. 

a. Early, Rogge, & Deci, 2014 

b. Ryan & Deci, 2009  

c. Saeed & Zyngier, 2012 

d. Walshaw & Anthony, 2008 

 

➢ Activity 

10. Effective STEM pedagogy involves open-ended problems in which students are forced to 

apply knowledge to create a solution. 

a. Ernest & Monroe, 2004 

b. Han, Capraro, & Capraro, 2014 

c. Le, Robbins, & Westrick, 2014 

d. Schwalm & Tylek, 2012 

11. Effective STEM pedagogy creates improvement in student cognition of STEM concepts 

requires effective classroom dialogue. 

a. Abrami et. al., 2015 
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b. Savery, 2006 

c. Schroeder, Scott, Tolson, Huang, & Lee, 2007 

d. Psycharis, 2016 

e. Walshaw & Anthony, 2008 

12. Effective STEM pedagogy requires inquiry lessons in which the students have a hands-on 

experience. 

a. Han, Capraro, & Capraro, 2014  

b. Llewellyn, 2002  

c. Merriam & Bierema, 2014 

d. Nowak, 2007 

e. Tofel-Grehl & Callahn, 2016 

13. Effective STEM pedagogy requires students to consistently test hypothesis. 

a. Dewey, 1938 

b. Kolb, 1984 

c. Marzano, Pickering, & Pollock, 2001 

14. Effective STEM pedagogy requires students to make observations. 

a. Dewey, 1938 

b. Eberbach & Crowley, 2009 

c. Kolb, 1984 

d. Le, Robbins, & Westrick, 2014 

15. Effective STEM pedagogy, specifically, self-directed learning should be utilized in a 

classroom to improve STEM student outcomes.  

a. Clardy, 2000 

b. Merriam & Bierema, 2014 

16. Effective STEM pedagogy, specifically, project-based learning should be utilized in a 

classroom to improve STEM student outcomes. 

a. Duke, Halvorsen, & Strachan, 2016 

b. Han, Capraro, & Capraro, 2014  

c. LaForce, et. al., 2016 

d. Lam, Cheng, & Choy, 2010 

e. Schwalm & Tylek, 2012 

17. Effective STEM pedagogy, specifically, collaborative techniques (ex. Peer tutoring, 

jigsaw) should be utilized in a classroom to improve STEM student outcomes. 

a. Duke, Halvorsen, & Strachan, 2016 

b. Furtak, Seidel, Iverson, & Briggs, 2012 

c. Lord, 1999 

d. Savery, 2006 

e. Veerkamp, Kamps, & Cooper, 2007 

f. Whicker, Bol, & Nunnery, 1997 

18. Effective STEM pedagogy, specifically, computer-assisted instruction should be utilized 

in a classroom to improve STEM student outcomes. 

a. Lazonder & Harmsen, 2016 

b. Sosa, Berger, Saw, & Mary, 2011 
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c. Singhanayok, & Hooper, 1998 

d. Psycharis, 2016 

19. Effective STEM pedagogy, specifically, direct instruction (ex. Lecture) should be utilized 

in a classroom to improve STEM student outcomes.  

a. Beers, 2005 

b. Kirschner, Sweller, & Clark, 2006 

c. McManus, Dunn, & Denig, 2003 

d. Whicker, Bol, & Nunnery, 1997 

20. Effective STEM pedagogy, specifically, experiments should be utilized in a classroom to 

improve STEM student outcomes. 

a. Kolb, 1984 

b. Lazonder & Harmsen, 2016 

c. Merriam & Bierema, 2014 

21. Effective STEM pedagogy, specifically, class demonstrations should be utilized in a 

classroom to improve STEM student outcomes. 

a. Beers, 2005 

b. Kirschner, Sweller, & Clark, 2006 

c. McManus, Dunn, & Denig, 2003 

22. Effective STEM pedagogy, specifically, inquiry activities should be utilized in a 

classroom to improve STEM student outcomes. 

a. Furtak, Seidel, Iverson, & Briggs, 2012 

b. Lazonder & Harmsen, 2016 

c. Psycharis, 2016  

d. Tofel-Grehl & Callahn, 2016 

 

➢ Motivation 

23. During STEM pedagogy student engagement increases when concepts must be connected 

to ideas in all content areas. 

a. Duke, Halvorsen, & Strachan, 2016 

b. Early, Rogge, & Deci, 2014 

c. Fairweather, 2008 

d. Ryan & Deci, 2009  

e. Saeed & Zyngier, 2012 

24. In STEM pedagogy student engagement creates more rapid learning when the student can 

relate the concept directly to his or her personal life. 

a. Early, Rogge, & Deci, 2014 

b. Ryan & Deci, 2009  

c. Saeed & Zyngier, 2012 

d. Strati, Schmidt, & Maier, 2017 

25. Student engagement improves in STEM education when students are allowed to use real-

world equipment. 

a. Kanigolla, Cudney, Corns, 2013 

b. Pryor, Pryor, & Kang, 2016 
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c. Schwalm & Tylek, 2012 

d. Tofel-Grehl & Callahan, 2016 

26. Student engagement improves in STEM education when students are allowed to use 

current forms of technology. 

a. Pryor, Pryor, & Kang, 2016 

b. Sosa, Berger, Saw, & Mary, 2011 

c. Tofel-Grehl & Callahan, 2016 

 

➢ School leaders 

➢ Support (development) 

27. School leaders supporting STEM pedagogy in the classroom require more frequent 

observations from administrators, coaches, and mentors. 

a. Cantrell & Kane, 2013 

b. Carrino & Gerace, 2016 

c. Driel, Beijaard, & Verloop, 2001 

d. Nadelson, Seifert, Hettinger, & Coats, 2013 

28. School leaders design professional development to improve STEM pedagogy must be 

engaging for it to be effectively implemented in the classroom. 

a. Fore, et. al., 2015 

b. Pryor, Pryor, & Kang, 2016 

29. To effectively implement STEM pedagogy, school leaders create a school in environment 

in which the teachers trust the school leaders. 

a. Borrego, & Henderson, 2014 

b. Fulton, & Britton, 2011 

c. Lomos, Hofman, & Bosker, 2011 

d. Moran, 2009 

e. Spillane, 2011 

f. Thornton & Cherrington, 2013 

30. School leaders design professional development to improve STEM classroom pedagogy 

must be highly adaptive in its design. 

a. Allen & Penuel, 2015 

b. Jones, et. al., 2016 

c. Koellner & Jacobs, 2015 

d. Opfer & Pedder, 2011 

31. School leaders support the sharing of STEM ideas by teachers to discuss improvements. 

a. Carrino & Gerace, 2016 

b. Kyndt, et. al., 2016 

c. Nadelson, Seifert, Hettinger, & Coats, 2013 

 

➢ Implementation 

32. School leaders implementing STEM pedagogy requires high expectations in which all 

teachers are held accountable. 

a. Dufour, 2004 
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b. Lomos, Hofman, & Bosker, 2011 

c. Leithwood & Sun, 2012 

d. Spillane, 2015 

33. School leaders create good coordination of STEM pedagogical implementation by 

requiring professional development or a professional learning community that meets 

weekly. 

a. Driel, Beijaard, & Verloop, 2001 

b. Gerard, Varma, Corliss, & Linn, 2011 

c. Wang et al., 2011 

34. For effective planning of STEM activities, school leaders must create a structure that has 

more planning time during the school day. 

a. Caparo, et. al, 2016 

b. Kyndt, Gijbels, Grosemans, & Donche, 2016 

c. LaForce, et. al., 2016 

d. Moran, 2009 

e. Tofel-Grehl, & Callahan, 2014 

35. School leaders must help teachers accumulate necessary materials and resources to 

effectively implement STEM pedagogical approaches. 

a. Driel, Beijaard, & Verloop, 2001 

b. Gigante, & Firestone, 2014 

c. Hitt & Tucker, 2016 

d. Towers, 2012 

36. To create sustainability of effective STEM pedagogy into the curriculum, school leaders 

must use professional development that lasts longer than 1 school year. 

a. Gerard, Varma, Corliss, & Linn, 2011 

b. Wang et al., 2011 

37. School leaders create planning and organizational time to improve STEM classrooms in 

units or teams as opposed to separate individuals. 

a. Fulton & Britton, 2011 

b. Spillane, 2015 

 

➢ Pedagogical Content Knowledge 

38. I believe it is necessary to share experiences through collaboration including resources 

used and difficulties with my colleagues to effectively supervise STEM pedagogical 

classroom approaches. 

a. Borrengo & Henderson, 2014 

b. Driel, Beijaard, & Verloop, 2001 

c. Hitt & Tucker, 2016 

d. LaForce, et. al., 2016 

e. Pryor, Pryor, & Kang, 2016 

f. Stoll, Bolam, McMahon, Wallace, & Thomas, 2006 



247 

 

39. When planning STEM activities I know STEM pedagogy requires learning which 

barriers to overcome in lesson development. 

a. Driel, Beijaard, & Verloop, 2001 

b. Fore, Feldhaus, Sorge, Agarwal, & Varahramyan, 2015 

c. Fulton & Britton, 2011 

40. I know the steps necessary to effectively teach STEM pedagogy. 

a. Borrengo & Henderson, 2014 

b. Fairweather, 2008 

c. Jones, Dana, LaFramenta, Adamds, & Arnold, 2016 

d. Peters-Burton, Lynch, Behrend, & Means, 2014 

e. Pryor, Pryor, & Kang, 2016 

41. I believe data collection and analysis is a critical component of implementing STEM 

pedagogy. 

a. Cantrell & Kane, 2013 

b. Driel, Beijaard, & Verloop, 2001 

c. Lochmiller, 2015 

d. Stoll, Bolam, McMahon, Wallace, & Thomas, 2006 

e. Vescio, Ross, & Adams, 2008 

42. To effectively implement STEM pedagogy, I believe that I would need a high level of 

flexibility or freedom to decide how to supervise my students. 

a. Driel, Beijaard, & Verloop, 2001 

b. Koellner & Jacobs, 2015 

c. LaForce, et. al., 2016 

 

➢ School Culture 

➢ Models 

43. To create an effective STEM culture, school leaders allow teachers to help build the 

STEM goals for the school. 

a. Hattie, 2009 

b. McGuigan & Hoy, 2006 

c. Moran, 2009 

d. Leithwood & Sun, 2012 

44. For effective STEM implementation school leaders actively participate in the process. 

a. Bolman, & Deal, 2013 

b. Caparo, et. al, 2016 

c. LaForce, et. al., 2016 

d. Lochmiller, 2015 

45. School leaders must create a clear vision of STEM pedagogy to embed STEM goals into 

the curriculum. 

a. Borrego, & Henderson, 2014 

b. Hitt & Tucker, 2016 

c. Lomos, Hofman, & Bosker, 2011 

d. Spillane, 2015 
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46. School leaders create an environment where feedback from other teachers and 

administrators is critical in supporting STEM pedagogy. 

a. Baker, & Galanti, 2017 

b. Borrego & Henderson, 2014 

c. Fulton & Britton, 2011 

d. Leithwood & Sun, 2012 

47. School leaders empower school staff to make STEM instructional decisions rather than 

waiting for school leaders to tell what to do. 

a. Fullan, 2013 

b. Gigante, & Firestone, 2014 

c. Leithwood & Louis, 2012 

d. McGuigan and Hoy, 2006 

e. Moran, 2009 

f. Spillane, 2015 

48. For effective STEM implementation, school leaders collectively involve teachers in the 

decision-making process with regard to the STEM initiative.  

a. Fullan, 2013 

b. Leithwood & Louis, 2012 

c. Leithwood & Sun, 2012 

d. Hoy & Tarter, 2008 

e. Moran, 2009 

f. Spillane, 2015 

49. School leaders develop a STEM culture in which teachers and staff discuss instructional 

STEM strategies and curriculum issues. 

a. Carrino & Gerace, 2016 

b. Hitt & Tucker, 2016 

c. Nadelson, Seifert, Hettinger, & Coats, 2013 

50. To develop STEM shared values, school leaders require collaboration and consensus 

among staff. 

a. Borrego, & Henderson, 2014 

b. Fulton, & Britton, 2011 

c. Kyndt, Gijbels, Grosemans, & Donche, 2016 

d. LaForce, et. al., 2016 

e. Lomos, Hofman, & Bosker, 2011 

f. Peters-Burton, Lynch, Behrend, & Means, 2014 

g. Sun, & Leithwood, 2015 

51. School leaders ensure STEM discussions create a sense of collective responsibilities by 

the entire staff. 

a. Dufour, 2004 

b. Fullan, 2013 

c. Leithwood & Louis, 2012 

d. Moran, 2009 

 



249 

 

➢ STEM Pedagogy Sense making 

52. Teachers’ experimentation of STEM pedagogy must be supported by the school leaders. 

a. Bandura, 1977 

b. Gerard, et. al., 2011 

c. McGuigan & Hoy, 2006 

53. In order to implement STEM pedagogy, teachers must continually reflect on my STEM 

teaching practice. 

a. Dufour, 2004 

b. Fore, et. al., 2015 

c. Jones, et. al., 2016 

54. Teachers make more sense on using effective STEM pedagogy when modeled through 

professional learning. 

a. Koellner & Jacobs, 2015 

b. Leithwood & Sun, 2012 

55. Teachers must be well informed about the expectations of STEM pedagogy. 

a. Hoy & Miskel, 2013 

b. Leithwood & Sun, 2012 

c. Lomos, Hofman, & Bosker, 2011 

d. Spillane, 2015 

56. To make sense of STEM pedagogy, teachers must have experiences at a school that allow 

them to make sense of effective implementation. 

a. Allen & Penuel, 2015 

b. Peters-Burton, Lynch, Behrend, & Means, 2014 

c. Vesico, Ross, & Adams, 2008 

 

➢ Pedagogy efficacy 

57. Teachers’ motivation level dictates the effectiveness of STEM implementation in a 

classroom. 

a. Borrengo & Henderson, 2014 

b. Early, Rogge, & Deci, 2014 

c. Lam, Cheng, & Choy, 2010 

d. Leithwood & Louis, 2012 

e. Morrison, McDuffie, & French, 2015 

f. Pryor, Pryor, & Kang, 2016 

58. Teachers would be more likely to use STEM pedagogy if they are allowed to take 

ownership of the implementation in my classroom. 

a. Early, Rogge, & Deci, 2014 

b. Ryan & Deci, 2009  

c. Saeed & Zyngier, 2012 

59. Teachers’ beliefs in their pedagogical abilities is critical in implementing STEM 

pedagogy. 

a. Hoy & Miskel, 2013 

b. Fore, Feldhaus, Sorge, Agarwal, & Varahramyan, 2015 
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c. McGuigan & Hoy, 2006 

d. Wang et al., 2011 

60. Teachers are willing to attempt to use STEM pedagogy even if it fails in the classroom on 

the first attempt. 

a. Alexander, 2008 

b. Hoy & Miskel, 2013 

c. Hoy, Tarter, & Hoy, 2006 

d. Lam, Cheng, & Choy, 2010 

e. Wigfield & Eccles, 2000 

61. Teachers seek alternatives to STEM classroom issues rather than repeating what has been 

historically done. 

a. Hoy & Miskel, 2013 

b. Hoy, Tarter, & Hoy, 2006 

c. Lam, Cheng, & Choy, 2010 

d. Wigfield & Eccles, 2000 

62. Given the freedom to choose, teachers are willing to use STEM pedagogical approaches 

in my classroom. 

a. Early, Rogge, & Deci, 2014 

b. Ryan & Deci, 2009  

c. Saeed & Zyngier, 2012 
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APPENDIX E: QUALTRICS VERSION OF SCHOOL LEADER, CULTURE, AND 

PEDAGOGY IMPACTS ON STEM OUTCOMES FINAL SURVEY 

 

Teacher Perceptions of School Leader, Culture, and Pedagogical Impacts on STEM 

Outcomes (Final) 

 

 

Start of Block: Consent 

 

Consent Christopher Walters, Principal Investigator for this research study at the University of 

Alabama, is completing this research study as a Ph.D. student in education administration at the 

University of Alabama in the Department of Educational Leadership, Policy, and Technology 

Studies in the College of Education. This study is called “A Quantitative Analysis of Mediated 

Moderation towards Improving STEM Student Outcomes through School Leadership, School 

Culture, and Pedagogical Approaches”. It is the aim of this research to identify variables that will 

provide insight into how school leaders can build a culture in a school that supports teachers to 

prepare students to meet the STEM needs of society.      

 

Taking part in this study involves completing a web survey that will take approximately 20 to 30 

minutes. The purpose of this survey is to obtain information about what you think of certain 

aspects of STEM education. Questions are about STEM pedagogy in the classroom, school 

leader actions that support STEM education, and a school culture of STEM growth.       

 

We will protect your confidentially by using the on-line survey to collect survey data. Your name 

and participation will not be identified, even unknown to the research team. You can choose to 

complete the survey at your home or any private place you prefer. All corresponding data-related 

documents filed in the researchers’ computers will be accessed only by the investigator or 
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dissertation committee. Raw data will remain in the investigators computer one year after which 

the data will be destroyed. Only summarized data will be presented or published.      

 

There will be no direct benefits to you. The findings will be used in an effort to identify weak 

areas in STEM education and help inform school leaders and teachers on improving STEM 

education in the school.       

 

Generally, the participants will at no time be at any risk of harm. You will not be judged or 

evaluated by your responses. The only possible risk is that some of the questions may make you 

uncomfortable. You may skip any questions you do not wish to answer.       

 

If you have questions about this study right now or in the future, please ask them. Please contact 

the investigator, Chris Walters, by phone at (256) 566-5413 or email at cwalters131@gmail.com, 

or the dissertation committee chair Jing Ping Sun, (205) 348-6082 or at jsun22@ua.edu. If you 

have questions or complaints about your rights as a research participant, call Carpantato Myles, 

in the Office for Research Compliance of the University of Alabama at (205) 348-8461. You 

may also ask questions, make a suggestion, or file complaints and concerns through the Office 

for Research Compliance website at http://ovpred.ua.edu/research-compliance/. After you 

participate you are encouraged to complete the survey for research participants that is online 

through this website, or you may request a paper copy from Chris Walters. You may also email 

us the compliance department at rscompliance@research.ua.edu.       

 

YOUR PARTICIPATION IS COMPLETELY VOLUNATRY. You are free not to participate or 

stop participating any time before you submit your answers.     If you understand the statements 

above, are at least 19 years old, and freely consent to be in this study click on the I AGREE 

button to begin.  

o I Agree  (1)  

o I Do Not Agree  (2)  

 

End of Block: Consent 
 

Start of Block: Directions 
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Directions1   The purpose of this survey is to consider your opinion of effective pedagogical 

approaches in STEM education and how a school leader can create a school culture that supports 

effective STEM pedagogy. Answers provided on this survey will remain anonymous.      

 

For this survey, STEM pedagogy is defined by Tsupros, Kohler, and Hallinen (2009) as  a 

curricular focus in teaching and controlling student learning on science, technology, engineering, 

and mathematics. It is an interdisciplinary pedagogical approach in which the application of 

science, technology, engineering, and mathematics are presented in a rigorous format through 

real-world lessons and "in contexts that make connections between school, community, work, 

and the global enterprise enabling the development of STEM literacy and with it the ability to 

compete in the new economy” (2009).  

  

Using this definition as a point of reference for this study, STEM is considered a curricular 

approach to education, classroom lessons, and student activities. It should not be considered only 

in the areas of science, technology, engineering, and mathematics or only applicable in specific 

content areas. All content areas, including English, social studies, mathematics, science, fine arts, 

and career and technical education, are not considered separate "silos" for this study. Thus, for 

this study, STEM is an educational approach that is defined by the development of student 

knowledge, skills, and experiences that a student can use to design and create a solution to a 

problem. Students can utilize all knowledge, skills, and experiences across all content areas.   

  

While using STEM as a curricular approach appears more applicable in science and 

mathematics, it can easily be used to develop lessons in the areas of social studies and English. 

For example, when studying a specific time period in a novel or unit, students could be asked to 

improve or modify an invention that was developed during that time by designing and building 

the solution.       

 

This study considers how classroom teachers across all content areas feel about STEM education 

from this curricular framework. In the survey, there are three different areas considered including 

classroom pedagogy, school leadership, and school culture. Each statement refers to how well 

the classroom pedagogy, school leadership, or school culture idea mentioned in the statement 

supports STEM education. It is your opinion as to how well the idea in the statement supports 

STEM, but the statement should be considered as a teacher regarding using STEM as an 

educational approach in the classroom.  

  

Tsupros, N., Kohler, R., & Hallinen, J. (2009). STEM education: A project identify the missing 

components. Intermediate Unit 1. Carnegie Mellon: Pennsylvania.         
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Directions: Please indicate the extent to which you agree with the following statements on STEM 

education from Strongly Disagree, Disagree, Agree, and Strongly Agree. Your answers are 

confidential.    

 

 

End of Block: Directions 
 

Start of Block: Classroom Pedagogy 

 

Q1         I teach as the   facilitator of knowledge in STEM classrooms for effective student 

learning.       

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q2 I offer more than minimal guidance to have effective STEM lessons. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q3 I connect to knowledge that students already have in STEM education.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q4 I use questioning strategies that require higher order thinking during effective STEM lessons. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q5 I help students to develop the real-world skill of problem-solving in STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q6 I help students to develop the real-world skill of critical thinking in STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q7 I help students to develop the real-world skill of collaboration in STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q8 I develop student learning of STEM concepts when the students complete activities with a 

real-world context.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q9 In my STEM classroom students have increased learning when they their voice or opinion is 

involved in the activity. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q10 Effective STEM pedagogy involves open-ended problems in which students are forced to 

apply knowledge to create a solution. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q11 I use inquiry lessons in which the students have a hands-on experience in the STEM 

classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)   

 

 



258 

 

 

Q12 I require students to make observations in the STEM classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q13 I use self-directed learning by students in a classroom to improve STEM student outcomes.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q14 I use project-based learning in a classroom to improve STEM student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q15 I use collaborative techniques (ex. Peer tutoring, jigsaw) in the classroom to improve STEM 

student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q16         I prefer experiments   by students in the classroom to improve STEM student 

outcomes.       

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q17 I prefer class demonstrations in the classroom to improve STEM student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q18 I use inquiry activities in the classroom to improve STEM student outcomes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q19 Higher levels of student engagement in STEM lessons is created when the student can relate 

the concept directly to his or her personal life. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q20 Student engagement improves in STEM education when students are allowed to use real-

world equipment. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Page Break  

Page Break  

 

End of Block: Classroom Pedagogy 
 

Start of Block: School Leadership 

 

Q21 To effectively implement STEM pedagogy, school leaders create a school environment in 

which the teachers trust the school leaders. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q22 School leaders create STEM professional development that is highly adaptive in its design. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q23 School leaders support the sharing of STEM ideas by teachers through discussions on 

improvements. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q24 School leaders implementation of STEM pedagogy requires high expectations in which all 

teachers are held accountable. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q25 School leaders create good coordination of STEM pedagogical implementation by requiring 

professional development or a professional learning community that meets weekly. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q26 For effective implementation of STEM activities, school leaders maintain a school structure 

that allow for STEM planning time during the school day. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q27 To sustain effective STEM pedagogy school leaders use STEM based professional 

development that lasts longer than 1 school year. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q28 School leaders improve STEM use by organizing teachers in units or teams as opposed to 

separate individuals. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q29 School leaders help identify learning barriers to overcome in STEM lesson development. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q30 I know the steps necessary to effectively teach STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q31 Data analysis is a critical component of implementing STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q32 To effectively implement STEM pedagogy, I need a high level of flexibility. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Page Break  

 

Page Break  

 

End of Block: School Leadership 
 

Start of Block: School Culture 
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Q33 To create an effective STEM culture, school leaders encourage teachers to help build the 

STEM goals for the school. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q34 For effective STEM implementation school leaders actively participate in all STEM 

processes. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q35 School leaders create a clear vision of STEM goals. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q36 School leaders create an environment where feedback from school leadership is critical in 

supporting STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q37 School leaders empower school staff to make STEM instructional decisions rather than 

waiting for school leaders to tell what to do. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q38 For effective STEM implementation, school leaders collectively involve teachers in the 

decision-making process.  

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q39 School leaders develop a STEM culture in which teachers discuss instructional STEM 

curriculum issues. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q40 To develop STEM shared values, school leaders require collaboration among staff. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q41 School leaders ensure STEM discussions occur with teachers. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q42 School leaders support teachers’ experimentation of STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q43 School leaders encourage teachers to continually reflect on STEM teaching practice. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 



270 

 

 

 

Q44 Teachers make more sense on using effective STEM pedagogy when modeled through 

professional learning. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q45 Teachers are informed about the expectations of STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q46 To understand STEM pedagogy, teachers have experiences to make sense of effective 

implementation. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q47 Teachers’ motivation level dictates the effectiveness of STEM implementation in a 

classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Q48 Teachers would be more likely to use STEM pedagogy if they are allowed to take 

ownership of the implementation in my classroom. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  
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Q49 Teachers’ beliefs in their pedagogical abilities is critical in implementing STEM pedagogy. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

 

Q50 Teachers are willing to attempt to use STEM pedagogy even if it fails in the classroom on 

the first attempt when supported by school leadership. 

o Strongly Disagree  (1)  

o Disagree  (2)  

o Agree  (3)  

o Strongly Agree  (4)  

 

 

Page Break  

 

Page Break  

 

End of Block: School Culture 
 

Start of Block: Demographic Directions 
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Directions 2 Directions: Please answer the following questions to the best of your knowledge 

about your current school and educational employment. Circle the appropriate response. 

Remember that your survey is anonymous.  

 

End of Block: Demographic Directions 
 

Start of Block: Demographics 

 

Q51 How many years have you served in education? 

o 0 to 5 years  (1)  

o 6 to 10 years  (2)  

o 11 to 20 years  (3)  

o More than 20 years  (4)  

 

 

 

Q52 Which content area do you predominately teach? 

o English or Language arts  (1)  

o Mathematics  (2)  

o Science  (3)  

o Social Studies  (4)  

o Career and Technical  (5)  

o Fine Arts  (6)  

o Other  (7) ________________________________________________ 
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Q53 How many students do you have in an average class? 

o 0 to 10 students  (1)  

o 11 to 20 students  (2)  

o 21 to 30 students  (3)  

o More than 30 students  (4)  

 

 

 

Q54 What is your level of teacher certification? 

o Class B (bachelor's program)  (1)  

o Class A (master's program)  (2)  

o Class AA (sixth-year program)  (3)  

o Special Alternative Certificate (SAC)  (4)  

o Alternative Baccalaureate Level Certificate (BAC)  (5)  

 

 

 

Q55 In which high school and school system in Alabama are you currently employed? 

High School (1)  

School District (2)  

▼ Autauga Academy (1) ... Zion Chapel High School ~ Coffee County (940) 

 

End of Block: Demographics 
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APPENDIX F: SURVEY QUESTIONS BROKEN DOWN BY CATEGORY AND SUB-

CATEGORY 

 

1. Classroom pedagogy (20) 

a. Teacher and student actions (13) 

1: I teach as the   facilitator of knowledge in STEM classrooms for effective 

student learning.       

2: I offer more than minimal guidance to have effective STEM lessons. 

3: I connect to knowledge that students already have in STEM education. 

4: I use questioning strategies that require higher order thinking during effective 

STEM lessons. 

6: I help students to develop the real-world skill of problem-solving in STEM 

pedagogy. 

7: I help students to develop the real-world skill of critical thinking in STEM 

pedagogy. 

8: I help students to develop the real-world skill of collaboration in STEM 

pedagogy. 

10: I develop student learning of STEM concepts when the students complete 

activities with a real-world context. 

11: In my STEM classroom students have increased learning when they their 

voice or opinion is involved in the activity. 

12: Effective STEM pedagogy involves open-ended problems in which students 

are forced to apply knowledge to create a solution. 

14: I use inquiry lessons in which the students have a hands-on experience in the 

STEM classroom. 

16: I require students to make observations in the STEM classroom. 

22: I prefer experiments by students in the classroom to improve STEM student 

outcomes. 

 

b. Classroom activity (3) 

17: I use self-directed learning by students in a classroom to improve STEM 

student outcomes. 

18: I use project-based learning in a classroom to improve STEM student 

outcomes. 

24: I use inquiry activities in the classroom to improve STEM student outcomes. 
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c. Motivation (4) 

19: I use collaborative techniques (ex. Peer tutoring, jigsaw) in the classroom to 

improve STEM student outcomes. 

23: I prefer class demonstrations in the classroom to improve STEM student 

outcomes. 

26: Higher levels of student engagement in STEM lessons is created when the 

student can relate the concept directly to his or her personal life. 

27: Student engagement improves in STEM education when students are allowed 

to use real-world equipment. 

 

2. School leadership (12) 

a. Support and development (7) 

32: School leaders create STEM professional development that is highly adaptive 

in its design. 

33: School leaders support the sharing of STEM ideas by teachers through 

discussions on improvements. 

35: School leaders create good coordination of STEM pedagogical 

implementation by requiring professional development or a professional learning 

community that meets weekly. 

36: For effective implementation of STEM activities, school leaders maintain a 

school structure that allow for STEM planning time during the school day. 

38: To sustain effective STEM pedagogy school leaders use STEM based 

professional development that lasts longer than 1 school year. 

39: School leaders improve STEM use by organizing teachers in units or teams as 

opposed to separate individuals. 

41: School leaders help identify learning barriers to overcome in STEM lesson 

development. 

 

b. Implementation (5) 

31: To effectively implement STEM pedagogy, school leaders create a school 

environment in which the teachers trust the school leaders. 

34: School leaders implementation of STEM pedagogy requires high expectations 

in which all teachers are held accountable. 

42: I know the steps necessary to effectively teach STEM pedagogy. 

43: Data analysis is a critical component of implementing STEM pedagogy. 

44: To effectively implement STEM pedagogy, I need a high level of flexibility. 

 

3. School culture (18) 

a. Modeling (10) 

45: To create an effective STEM culture, school leaders encourage teachers to 

help build the STEM goals for the school. 

46: For effective STEM implementation school leaders actively participate in all 

STEM processes. 
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47: School leaders create a clear vision of STEM goals. 

48: School leaders create an environment where feedback from school leadership 

is critical in supporting STEM pedagogy. 

49: School leaders empower school staff to make STEM instructional decisions 

rather than waiting for school leaders to tell what to do. 

50: For effective STEM implementation, school leaders collectively involve 

teachers in the decision-making process. 

51: School leaders develop a STEM culture in which teachers discuss 

instructional STEM curriculum issues. 

52: To develop STEM shared values, school leaders require collaboration among 

staff. 

55: School leaders support teachers’ experimentation of STEM pedagogy. 

56: School leaders encourage teachers to continually reflect on STEM teaching 

practice. 

 

b. Sense making (5) 

57: Teachers make more sense on using effective STEM pedagogy when modeled 

through professional learning. 

60: Teachers’ motivation level dictates the effectiveness of STEM 

implementation in a classroom. 

61: Teachers would be more likely to use STEM pedagogy if they are allowed to 

take ownership of the implementation in my classroom. 

62: Teachers’ beliefs in their pedagogical abilities is critical in implementing 

STEM pedagogy. 

63: Teachers are willing to attempt to use STEM pedagogy even if it fails in the 

classroom on the first attempt when supported by school leadership. 

 

c. Pedagogy efficacy (3) 

53: School leaders ensure STEM discussions occur with teachers. 

58: Teachers are informed about the expectations of STEM pedagogy. 

59: To understand STEM pedagogy, teachers have experiences to make sense of 

effective implementation. 

 

Removed: 

1. Q5: I am confident that I can answer students’ STEM questions. 

2. Q9 I develop student learning by creating active experiences with a concept in STEM 

education. 

3. Q13 I create improvements in student cognition of STEM concepts through effective 

classroom dialogue. 

4. Q15 I require students to consistently test for a hypothesis in the STEM classroom. 
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5. Q20 I use computer-assisted instruction in the classroom to improve STEM student 

outcomes. 

6. Q21 I use direct   instruction (ex. Lecture) in the classroom to improve STEM student 

outcomes.        

7. Q25 Student engagement increases when concepts are connected to ideas in all content 

areas. 

8. Q28 Student engagement improves in STEM education when students are allowed to use 

current forms of technology. 

9. Q29 STEM pedagogy in the classroom require more frequent observations from school 

leadership. 

10. Q30 Professional development designed by school leaders to improve STEM pedagogy 

must be engaging for it to be effectively implemented in the classroom. 

11. Q37 School leaders help teachers accumulate necessary resources to effectively 

implement STEM pedagogical approaches. 

12. Q40 I share experiences through collaboration with my colleagues on effective 

supervision of STEM classroom approaches. 

13. Q54 School leaders create a sense of collective responsibility in utilizing STEM. 

14. Q64 Teachers seek alternatives to STEM classroom issues rather than repeating what has 

been historically done when supported by school leadership. 
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APPENDIX G: IRB APPROVAL LETTER 

 


