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Abstract 
 

Teachers’ values, beliefs, and self-confidence are critical components of decisions educators 

make every day. The purpose of the study was to examine the relationship between secondary 

science teachers’ epistemology and self-efficacy on science instructional practices and 

conceptualization of student research experiences rooted in the Next Generation Science 

Standards. A mixed methods explanatory sequential design was utilized by administering the 

Science Teachers’ Beliefs About Science (STBAS), Self-Efficacy to Teach Science in an 

Integrated STEM Framework (SETIS), and the Science Instructional Practice Survey (SIPS) to 

secondary science teachers. A follow up semi-structured interview was administered to gather an 

understanding of the conceptualization of science instructional practices related to student 

research experiences. Quantitative findings that emerged were that the SETIS total significantly 

predicts SIPS critique. The combination of predictor variables did not contribute significantly to 

SIPS instigating, SIPS data, SIPS modeling, SIPS traditional, and SIPS prior. Qualitative 

findings that emerged were that teachers conceptualized science instruction as a learner centric 

classroom environment that engages students, while recognizing student apprehension in 
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exploring the nature of science. Teachers’ prior educational and professional experiences expand 

their skill set and influence beliefs despite the challenges of limited funding, time, and mandated 

curriculum. Additional findings that emerged were a description of how teachers’ 

conceptualization of scientific knowledge represents a paradigm shift occurring in science 

education as teachers use creative, inclusive instructional strategies to ensure that all students 

achieve higher order thinking skills at a high level of rigor. Teachers promote student 

engagement in authentic science practices that resemble the practices of professional scientists 

and act as guides to knowledge acquisition, whereas a subset of teachers may lack full 

understanding of the difference between authentic student research and library-based research. 

Qualitative findings informed how secondary science teachers conceptualized student research 

experiences in the classroom. The study expanded upon the understanding of the interactions 

between secondary science teachers’ epistemology, self-efficacy on science instructional 

practices, and conceptualization of student research experiences rooted in the Next Generation 

Science Standards.   



 

 iii 

 

 

 

 

 

Copyright by 

 

 

Nicole J. Griffin, EdD 

 

 

 

 

 

 

 

 

 

 

 

 

 

2022  



 

 iv 

 

  



 

 v 

ACKNOWLEDGEMENTS 

 I am eternally grateful for the support and guidance from so many people over the past 

five years. I would like to thank Dr. Catherine O’Callaghan, my dissertation chairperson, for her 

guidance, and insight. You have helped me sharpen my skills as a researcher and teacher. It has 

been an honor to work with you. Thank you for the many hours and energy you have spent 

helping me through this process. I would also like to acknowledge and thank my dissertation 

committee members, Dr. Harry Rosvally and Dr. Wes DeSantis, whose experience in educational 

research helped provide me with a strong foundation for my study. I am thankful for your 

feedback and advice. In addition, I would like to express my gratitude to Dr. Marcia Delcourt, 

my program coordinator. Your counsel and support on the complexities of my research study has 

been immensely helpful. I am grateful for the doctoral program and faculty members. All of you 

have helped me improve my craft and acted as role models of the kind of teacher I strive to be. 

This experience has helped me improve the high school science research program I coordinate 

and pass on the research skills to the next generation of scientists. Thank you to my science 

research students, who are the inspiration for my research. Thank you to all the members of 

cohort eight whose dedication to education, collaboration, and encouragement was a joy to be a 

part of through the dissertation process.  

  



 

 vi 

DEDICATION 

 My dissertation is dedicated to my family. To my parents, who have provided me with 

unconditional love and support throughout my life. You have always encouraged me to reach for 

the stars and that I could accomplish anything I strived to do. You have instilled in me a strong 

work ethic and value for continuing my education. I am proud to be your daughter. To my 

brother, thank you for the laughter and lightening my spirit. To my husband, thank you for 

always believing in me, supporting my dreams, and loving me unconditionally. To my daughter, 

everything I have done in my life, and continue to do, has been for you. To Willow, thank you 

for your unconditional love and always keeping me company for the many hours I spent working 

in my office. Thank you, everyone, for your patience and understanding as I worked my way 

through the dissertation process. I am beyond lucky to have such a supportive and loving family. 

  



 

 vii 

TABLE OF CONTENTS 

  Page 

Abstract i 

Chapter One: Introduction and Identification of Topic 1 

Rationale for Selecting the Topic 3 

Statement of the Problem 4 

Significance of Research 4 

Definition of Key Terms 5 

Chapter Two: Review of the Literature 7 

Constructivism 7 

Epistemology 13 

Teacher Epistemology and Science Instructional Practices 17 

Social Cognitive Theory and Self-Efficacy to Teach Science 21 

Summary of Literature Review 24 

Chapter Three: Methodology 27 

Description of Setting, Participants, and Sampling Procedures 27 

Research Questions and Hypothesis 38 

Research Design 39 

Instrumentation 41 

Data Analyses 49 

Research Timeline 52 

Statement of Ethics 53 

Chapter Four: Analysis of Data and Findings 54 

 Quantitative Analyses 55 

Qualitative Analyses 75 

Results of Qualitative Data Analyses 79 

Summary of Analysis of Data and Findings 94 

Chapter Five: Summary and Conclusions 99 

Overview of the Study 99 

Findings, Discussion, and Implications 104 



 

 viii 

Review of Findings 104 

Implications for Educators and Instructional Leaders 108 

Implications for Future Research 114 

Limitations of the Study 125 

Trustworthiness 127 

Summary 127 

References 131 

Appendices 139 

Appendix A: Demographic questions 139 

Appendix B: Letter and Consent Form (Superintendent) 140 

Appendix C: Letter and Consent Form (Principal) 142 

Appendix D: Letter and Consent Form (Teacher) 143 

Appendix E: Semi-Structured Interview Questions 144 

Appendix F: Permission from Dr. Diana Payne 145 

Appendix G: Permission from Dr. Monica Mobley 146 

Appendix H: Permission from Dr. Kathryn Hayes 147 

Appendix I: Audit Trail of Findings Statement 1 148 

Appendix J: Audit Trail of Findings Statement 2 150 

Appendix K: Audit Trail of Findings Statement 3 154 

Appendix L: Audit Trail of Findings Statement 4 156 

Appendix M: Audit Trail of Findings Statement 5 165 

Tables 
 

Table 1: Demographic Data for the Total Sample 30 

Table 2: Educational Background Data for the Total Sample 31 

Table 3: Science Related Experience Data of Total Sample 32 

Table 4: STBAS Score Range and Experience Guiding Students through 
Research Experiences of Qualifying Interview Participants 35 

Table 5: Demographic Data for the Interview Sample 36 

Table 6: Educational Background Data for the Interview Sample 37 

Table 7: Science Related Experience Data of the Interview Sample 38 



 

 ix 

Table 8: Means, Standard Deviation, Skewness, and Kurtosis of 
Participant Responses to the Science Teacher’s Beliefs About 
Science (STBAS) Instrument, Self-Efficacy to Teach in an 
Integrated STEM Framework (SETIS), and Science Instructional 
Practice Survey (SIPS) Instrument 60 

Table 9: Shapiro-Wilk Test for the Science Teacher’s Beliefs About 
Science (STBAS), and Self-Efficacy to Teach in an Integrated 
STEM Framework (SETIS), and Science Instructional Practice 
Survey (SIPS) 62 

Table 10: Skewness, Standard Error of the Skewness, Skewness Z-Score, 
Kurtosis, Standard Error of Kurtosis, Kurtosis Z-Score, 
Significance Level of the Subscales STBAS Scientists, STBAS 
Interest, STBAS Gifted, STBAS Problem, SETIS Personal, 
SETIS Material, SETIS Total, and SIPS Prior 64 

Table 11: Means, Standard Deviations, and Intercorrelations for the 
STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 
Knowledge, STBAS Gifted, STBAS Problem, SETIS Total, 
SIPS Instigating, SIPS Data, SIPS Critique, SIPS Modeling, 
SIPS Traditional and SIPS Prior 66 

Table 12: Regression Analysis Summary for SIPS Instigating Predicting 
STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 
Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, 
SETIS Personal, SETIS Material 67 

Table 13: R, R Square, Adjusted R Square and Standard Error of the 
Estimate Values for SIPS Instigating 68 

Table 14: ANOVA Values for SIPS Instigating 68 
Table 15: Regression Analysis Summary for SIPS Data Predicting STBAS 

Scientists, STBAS Abilities, STBAS Interest, STBAS 
Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, 
SETIS Personal, SETIS Material 69 

Table 16: R, R Square, Adjusted R Square and Standard Error of the 
Estimate Values for SIPS Data 69 

Table 17: ANOVA Values for SIPS Data 69 
Table 18: Regression Analysis Summary for SIPS Critique Predicting 

STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 
Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, 
SETIS Personal, SETIS Material 70 

Table 19: R, R Square, Adjusted R Square and Standard Error of the 
Estimate Values for SIPS Critique 70 

Table 20: ANOVA Values for SIPS Critique 71 



 

 x 

Table 21. Regression Analysis Summary for SIPS Modeling Predicting 
STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 
Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, 
SETIS Personal, SETIS Material 71 

Table 22. R, R Square, Adjusted R Square and Standard Error of the 
Estimate Values for SIPS Modeling 72 

Table 23. ANOVA Values for SIPS Modeling 72 
Table 24: Regression Analysis Summary for SIPS Traditional Predicting 

STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 
Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, 
SETIS Personal, SETIS Material 73 

Table 25: R, R Square, Adjusted R Square and Standard Error of the 
Estimate Values for SIPS Data 73 

Table 26: ANOVA Values for SIPS Data 73 
Table 27: Regression Analysis Summary for SIPS Prior Predicting STBAS 

Scientists, STBAS Abilities, STBAS Interest, STBAS 
Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, 
SETIS Personal, SETIS Material 74 

Table 28: R, R Square, Adjusted R Square and Standard Error of the 
Estimate Values for SIPS Prior 74 

Table 29: ANOVA Values for SIPS Prior 74 
Table 30: Description of STBAS Scores, STBAS Score Range as 

Compared to other Respondent STBAS Scores, and Years of 
Experience Guiding Student Research Experiences of Secondary 
Science Teacher Participants 77 

Table 31: Demographic Information of Secondary Science Teacher 
Participants in the Case Study, Including Gender, Age Range, 
Highest Education Related Degree, and Years of Teaching 
Experience 77 

Table 32: Description Science Related Experience of Secondary Science 
Teacher Participants in the Case Study, Including Highest 
Science Related Degree, Years of Science Related Experience, 
Participation in Science-Related Professional Experiences 78 

Table 33: Themes and Subthemes Related to Findings Statement 1 82 

Table 34: Themes and Subthemes Related to Findings Statement 2 85 

Table 35: Themes and Subthemes Related to Findings Statement 3 88 

Table 36: Themes and Subthemes Related to Findings Statement 4 91 

Table 37: Themes and Subthemes Related to Findings Statement 5 94 



 

 xi 

Table 38: Implications for Educators and Instructional Leaders and Future 
Research for Quantitative Findings. 118 

Table 39: Implications for Educators and Instructional Leaders and Future 
Research for Qualitative Findings. 120 

 

Figures  

Figure 1: Findings Statement 1 Development 81 

Figure 2: Findings Statement 2 Development 84 

Figure 3: Findings Statement 3 Development 87 

Figure 4. Findings Statement 4 Development 90 

Figure 5. Findings Statement 5 Development 93 



 

 1 

CHAPTER ONE: INTRODUCTION TO THE STUDY 

Science, technology, engineering, and mathematics (STEM) are integral to nearly all 

facets of modern life and hold the answers to solving today's challenges (National Research 

Council, 2012). As the world faces problems, it will require a workforce to tackle future needs 

and to support interest in STEM talent development (Mobley, 2015). Students with confidence in 

their science ability are more likely to consider a career in STEM (Delaloye et al., 2018). STEM 

education utilizes the best instructional practices for teaching science, technology, engineering, 

and mathematics curricula. As teachers implement STEM education best practices in the 

classroom, a gap can arise between school and authentic science. Authentic science practices 

engage students in instruction that closely resembles the practices of professional scientists yet is 

not meant to be interpreted as students doing the actual work of scientists (Lipsitz, 2018), as 

opposed to school science that does not emulate the practices of professional scientists. School 

science focuses on routine style laboratory experiments and activities with a known endpoint of 

understanding for the students. 

Most researchers agree that authentic school science should resemble the real world of 

science (Lipsitz, 2018). Three conceptualizations of implementing a science curriculum that 

occurs in schools are learning about science, engaging in authentic science practices, and 

engaging in the actual work of scientists. There is a gap between learning about science and 

engaging in authentic science practices that prompts revision of the science education 

curriculum. Engaging in the actual work of scientists can be accomplished in the school setting 

but is rare. Authentic science practices indicate a divide between the traditional way science is 

taught in school and the ways science is practiced by scientists in the field (National Research 

Council, 2012). 
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In 2016, New York State (NYS) adopted a version of the Next Generation Science 

Standards (NYSED, 2019). The Next Generation Science Standards (NGSS) encourage authentic 

science practices while emphasizing a three-dimensional model of K-12 science education that 

focuses on core disciplinary ideas, scientific practices, and crosscutting concepts (Krim et al., 

2019). The New York State Department of Education called the adapted version New York State 

P-12 Science Learning Standards (NYSSLS). NGSS and NYSSLS have similar guiding 

practices, however, NYSSLS contain additional performance expectations. Twenty states and the 

District of Columbia have adopted the Next Generation Science Standards, and twenty-four 

states, including New York State, have developed their own standards based on 

recommendations in the National Research Council Framework for K-12 Science Education 

(National Science Teachers Association, 2014). The NRC Framework for K-12 Science 

Education was used as the foundation for the Next Generation Science Standards (National 

Research Council, 2012). The reform effort goals of NGSS align with the teaching goals of 

integrated STEM (Achieve, 2013). Integrated STEM is an approach to teaching and learning in 

which any combination of the four major STEM disciplines is taught so that the curriculum and 

content of the individual disciplines seamlessly merge into real-world experiences contextually 

consistent with authentic problems and applications in STEM careers (Mobley, 2015). Teaching 

science content in an integrated STEM context is a complex task placing cognitive and emotional 

challenges for teachers (Mobley, 2015). Through the Science and Engineering Practices (SEPs), 

students are engaged with the Nature of Science (Lipsitz, 2018). The Nature of Science describes 

characteristics of scientific knowledge as derived from how scientific knowledge is produced 

(National Science Teaching Association, 2020). It refers to the concept that scientific 

investigations use various methods, that scientific knowledge is based on empirical evidence, and 
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is open to revision considering new evidence. Science models, laws, mechanisms, and theories 

are used to explain natural phenomena and science as a way of knowing, assumes order and 

consistency in natural worlds, and addresses questions about the natural and material world 

(NSTA, 2020). The Nature of Science and NGSS instructional practices enhance students' 

understanding of science concepts to allow them to be informed citizens about scientifically 

based issues, characteristics of scientific knowledge, and how scientific knowledge is developed 

(NSTA, 2020). 

Rationale for Selecting the Topic 

As the teacher is a critical component of an educational system, it is essential to 

recognize that teacher beliefs influence classroom practices, student beliefs, and student 

achievement (Payne, 2007). It has been shown that a teacher's beliefs are a more predictive factor 

in instructional practices than content knowledge or instructional strategies, indicating an interest 

in the study of epistemology (Huling, 2014). Epistemology is a branch of philosophy related to 

the study of knowledge and belief that have been shown to influence instructional practices 

(Samuel & Ogunkola, 2015; Sandoval, 2005). In addition to teacher beliefs, perceived self-

efficacy is a strong predictor of behavior (Bandura, 1997). Wilde (2018) indicated that teachers 

had some understanding and knowledge of instructional practices associated with NGSS, which 

indicated changes in classroom practices. Still, teachers were less confident about their skills and 

knowledge about SEPs and how to use the NGSS performance expectations to assess student 

learning (Wilde, 2018). Also, Wilde (2018) stated that teacher beliefs, emotions, networks, and 

school contextual factors affect how teachers make sense of the NGSS. As teachers implement 

the NGSS, understanding how teachers plan to include the SEPs into the classroom, how the 

plans will be enacted, and how the practices will directly be related to NGSS, will be important 
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in evaluating the curriculum's success (Lipsitz, 2018). Therefore, the researcher explored teacher 

epistemologies, perceived self-efficacy, and how they influence science instructional practices. 

Statement of the Problem 

The New York State Learning Standards for Math, Science, and Technology revised in 

1996 consisted of standards and resource guides for science education (New York State 

Education Department, 2019). It was hoped that the curriculum would encourage teaching 

science for understanding instead of memorization; however, it had limited success (NYSED, 

1996; NYSED, 2016). The diminished accomplishments of the NYS Learning Standards for 

Math, Science, and Technology encouraged a redesign of the curriculum towards inquiry-based 

instruction. Inquiry is the process of asking questions, implementing investigations that generate 

data for analysis and interpretation, followed by communication of findings and the process of 

doing science (Sandoval, 2005). Teachers can support students' inquiry experiences by guiding 

one or more steps to create authentic science activities (Sandoval, 2005). When NYS adopted a 

version of the NGSS in 2016, changes to the science education curriculum were imposed on 

teachers. Changing instructional practices and beliefs related to student learning can represent a 

challenge for teachers (Wilde, 2018). Therefore, the researcher explored how teachers view 

science knowledge and their self-efficacy to teach science and researched how these perceptions 

may impact instructional practices in the classroom.  

Significance of Research 

 The researcher was able to investigate the interaction between the characteristics of 

teachers and their instructional practices. The study results should be used to improve awareness 

of the importance of understanding teacher epistemology and self-efficacy concerning science 

instructional practices. An account of teacher epistemology can help students achieve and further 
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develop epistemological theories to realize the promise of science education, in addition to a 

desire for schools to mold students into scientifically informed citizens (Sandoval, 2005).  

Definition of Key Terms 

The following terms are defined for this research study: 

1. Authentic Science Practices: Student engagement in practices that more closely 

resemble the practices of scientists and in the NGSS Science and Engineering 

Practices (SEPs) and are not to be interpreted as students doing the actual work of 

scientists (Lipsitz, 2018). 

2. In-Service Teachers: Teachers who are certified to teach and are presently teaching in 

a public school setting (Akella, 2016). 

3. Integrated STEM: An approach to teaching and learning in which any combination of 

the four major STEM disciplines is taught in a manner such that the curriculum and 

content of the individual disciplines seamlessly merge into real-world experiences 

contextually consistent with authentic problems and applications in a STEM career 

(Mobley, 2015). 

4. Next Generation Science Standards (NGSS): Refers to the K-12 grade science 

standards, developed by the National Research Council, that are rich in content and 

practice, and arranged coherently across disciplines and grades to provide all students 

an internationally benchmarked science education (Akella, 2016). 

5. Next Generation Science Standards Science and Engineering Practices (SEPs): The 

eight science and engineering practices from the Framework for K-12 Science 

Education are: asking questions and defining problems, developing and using models, 

planning and carrying out investigations, analyzing and interpreting data, using 
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mathematics and computational thinking, constructing explanations and designing 

solutions, engaging in argument from evidence, and obtaining, evaluating, and 

communicating information (New York State Education Department, 2019). 

6. Secondary Science Teacher: A teacher who teaches science to students in grades 7-

12. 

7. Student Research Experiences: These experiences provide students with opportunities 

to work with scientists conducting scientific research over a prolonged period; 

teachers and scientists can serve as role models and guides, a practice which has been 

shown to dramatically increase the transfer of knowledge, skill, and application to the 

classroom (Adapted from Payne, 2007). 
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CHAPTER TWO: REVIEW OF RELATED LITERATURE 

 The review of the literature is presented in four sections. In the first section, a discussion 

of the theoretical construct of constructivism and its connection to the Next Generation Science 

Standards is presented. In the following section, the theoretical construct of epistemology and its 

influence on an individual’s actions. In the third section, the theoretical construct of teacher 

epistemology and its implications for classroom instruction is reviewed. In the final section, the 

theoretical construct of social cognitive theory and self-efficacy, as defined by Bandura (1997) is 

outlined. 

  The researcher utilized the following academic databases to research this study: Google 

Scholar, EBSCO Combined Databases, and ProQuest. In addition, the researcher used a variety 

of search terms such as: (a) constructivism (579,000), (b) self-efficacy (2,450,000), (c) Next 

Generation Science Standards (3,680,000), (d) epistemology (1,310,000), (e) teacher 

epistemology (373,000), (f) science instructional practices (2,270,000), (g) student research 

(7,910,000), and (h) teacher experiences (4,070,000). The top ranked search responses were 

reviewed for validity, including publication date and inclusion of multiple search terms, and 

relevance to the research. Throughout this process, scholarly publications were chosen to be 

examined by the researcher.  

Constructivism 

 Constructivism is a perspective that acknowledges that knowledge lies in the minds of the 

individuals who construct what they know based on their own experiences (Lipsitz, 2018). Five 

assumptions of constructivist conditions for learning are to embed learning in complex, realistic, 

and relevant environments; provide for social negotiation as an integral part of learning; support 

multiple perspectives and the use of various modes of representation; encourage ownership in 
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learning; and nurture self-awareness of knowledge construction processes (Driscoll, 2005). 

Constructivism in science education applies constructivist ideas about how people learn to 

inform research, curriculum development, and pedagogy (Taber, 2019). 

To provide students with high quality science education experiences in the classroom for 

the construction of knowledge, the Next Generation Science Standards are composed of three 

dimensions (NYSED, 2016). The three dimensions are practices, core ideas, and cross cutting 

concepts (NYSED, 2016). The interaction of the dimensions provides students the context for 

science, how scientific knowledge is acquired and understood, and how sciences are connected 

across concepts that have universal meaning to various disciplines (NYSED, 2016). 

Constructivism relates to learning and the Next Generation Science Standards as teachers 

improve a learner's knowledge. They need to be aware of learning goals and learner involvement 

in instruction. 

In 2017, Nelson conducted a mixed-method research study to understand how teachers 

approached the process of teaching science and sought to determine the teacher’s level of 

understanding about constructivist teaching and learning by utilizing surveys, interviews, and 

documents. Thirty secondary science teachers completed the Constructivist Learning 

Environment Survey, a five-scale Likert survey, and were interviewed, singly or in small focus 

groups. Nelson developed the interview questions to focus on teaching and learning, the roles of 

teachers and learners, and instructional strategies. In addition, Nelson analyzed publicly available 

documents, such as college preparatory chemistry curriculum guides, teacher generated material, 

and documents related to grading assignments. Finally, Nelson analyzed qualitative data via 

coding and quantitative data via descriptive statistics. Nelson revealed that science teachers held 

constructive beliefs about students questioning the learning process and student autonomy in 
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interacting with other learners. As science teachers shift their curriculum to align with the Next 

Generation Science Standards, it is essential to review how teachers approach a curriculum shift 

related to the constructivist beliefs. Therefore, the current study aimed to gain a deeper 

understanding of factors that influence the science instructional practices used by secondary 

science teachers. 

In 2016, Qarareh completed a quantitative study to investigate the effect of using a 

constructivist learning model in teaching science, especially in the subject of light: its nature, 

mirrors, lens, and properties, on the achievement of eighth-grade students and their scientific 

thinking. The sample included 136 eighth grade students that were divided into controlled and 

experimental groups. The controlled group consisted of 34 males and 34 females, and the 

experimental group consisted of 34 males and 34 females. The experimental group was exposed 

to the teaching method of constructivist learning model and the controlled group was exposed to 

traditional teaching method. The constructivist learning model lesson plans were prepared on the 

topic of light, specifically its nature and properties, mirrors, and lenes and separated into 10, 45- 

minute lessons. Prior to utilizing the constructivist learning model lesson plans as part of the 

treatment, the lessons were reviewed by university faculty members and eighth-grade science 

teachers. After deletions, additions or modifications of the lessons, the lesson plans were ready 

for application on the experimental group. Following the constructivist learning model and 

traditional lessons, the students completed an achievement test and Scale of Scientific Thinking 

in Science, adopted by Qarareh from prior work. As part of the statistical analysis, Qarareh 

conducted means and standard deviation, analysis of variance and analysis of covariance. 

Qarareh determined that there was a statistically significant difference for the effect of the 

constructivist learning model on the achievement and scientific thinking in favor of experimental 
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group. In addition, Qarareh determined that there was no statistically significant difference for 

the constructivist learning model on the achievement and scientific thinking attributed to gender, 

and no statistically significant difference for the dual interaction between teaching method and 

gender on the achievement and scientific thinking. Due to the mixed results of Qarareh’s 

findings, it reinforces the call for further work in this area. As teachers are striving to implement 

a constructivist teaching approach to the science classroom, it is critical to continue to review the 

factors that may influence the success of the new curriculum. Consequently, the researcher of the 

current study hoped to expand upon Qarareh’s research by focusing on the secondary science 

teacher, as opposed to the student, and how the teacher’s beliefs about science may influence 

their lesson plan design and chosen science instructional practices. Even though the lesson plans 

were reviewed by university faculty members and science teachers, the lessons were designed by 

Qarareh. The current study expanded upon Qarareh’s work by investigating science instructional 

practices from the viewpoint of the secondary science teachers in relation to a constructivist 

teaching approach and the NGSS SEPs.  

In 2017, Adak conducted a quasi-experimental study to investigate the effect of a 

constructivist approach over traditional curricular methods on students’ achievement in physical 

science and to compare the effect of constructivist approach over traditional curricular methods 

on students’ achievement in physical science with respect to their intelligence. A purposive 

sample was used to select 58 secondary students; 29 students were placed in the experimental 

group, and 29 students were placed in the control group on the basis of matching by intelligence 

test. The study was carried out over a three-week period by using traditional and constructivist 

7E models. The 7E model is based on prior work developed by the Biological Science 

Curriculum Study (BSCS) team and principal investigator, Rodger Bybee, and is an instructional 
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model for constructivism. The 7E’s are elicit, engage, explore, explain, elaborate, evaluate, and 

expand. The control group was exposed to traditional methods of teaching and the experimental 

group was exposed to the constructivist 7E model of teaching. All participants completed a set of 

teacher made achievement test questions based on constructivist principles before and after being 

exposed to the traditional curricular methods for the control group and a constructivist 7E model 

for the experimental group. The instructional tool consisted of unit-wise lesson plans based on 

the 7E model of teaching and other teaching aids such as pictures, chart papers, and models. 

Following experimentation, the data were analyzed via mean, standard deviation, standard error 

of the mean, t-test, and analysis of variance. Adak found that the constructivist approach is an 

effective learning tool that has a significant effect on the student achievement related to science 

concepts and helps in achieving meaningful learning in science concepts among ninth grade 

students. Finally, Adak determined that there is no significant difference in achievement test 

scores among high, average, and low IQ students through a constructivist approach over a 

traditional method of teaching in physical science. With the shift in science education to NGSS 

SEPs, teachers will need to redesign lesson plans to exemplify the goals of the standards. The 7E 

model used by Adak is a possible lesson structure for teachers to explore as they develop 

instruction for science students. The researcher hoped to study teachers’ decisions related to 

chosen science instructional practices and lesson plan design. The 7E model examined by Adak 

is a possible lesson plan structure for a teacher to utilize as they redesign their instruction to align 

with the constructivist principles of NGSS SEPs. Therefore, it is an important lesson plan design 

for the researcher to be knowledgeable of as the qualitative data analysis procedure is carried out. 

In addition, the current work expands upon the work of Adak because it will focus on the 



 

 12 

secondary science teacher’s perspective of lesson plan design versus the achievement of the 

student.  

The research of Nelson (2017), Qarareh (2016), and Adak (2017) provided valuable 

context as to the principles of constructivism, how these principles relate to NGSS, and the 

influence of constructivist science instructional practices on student achievement. Nelson’s 

(2017) research showed that constructivist beliefs of a science teacher could be associated with 

specific educational experiences for students similar to instructional practices encouraged by the 

Next Generation Science Standards. Qarareh’s (2016) study showed the effectiveness of using a 

constructivist learning model to improve the achievement of science students. In addition, the 

constructivist learning model can help learners identify their strengths and weaknesses in prior 

knowledge and help teachers to be better able to identify prior knowledge skills of students. 

Adak’s (2017) research provided supporting evidence that the constructivist learning model can 

help science students achieve. Adak’s (2017) work implies that the constructivist approach to 

science education, such as NGSS SEPs, can be an effective teaching methodology for difficult 

and complex concepts. The studies presented provide support that a constructivist learning model 

can influence the success of science students in the classroom, encouraging the promise of 

implementing NGSS SEPs and the inclusion of constructivism as a theoretical foundation of the 

current study. However, Qarareh (2016) and Adak (2017) focused on the achievement of the 

student, and therefore a gap in the research emerged to conduct a study that investigated 

secondary science teachers’ chosen lesson plan design and science instructional practices as it 

related to the constructivist learning model. In addition, the inclusion of constructivism as a 

theoretical foundation into the current study relates to the second construct, epistemology, as 

both have been shown to impact an individual's beliefs. 
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Epistemology 

Epistemology is a branch of philosophy related to the study of knowledge and beliefs that 

have been shown to influence instructional practices (Samuel & Ogunkola, 2015; Sandoval, 

2005). Sandoval (2005) suggested four epistemological themes that could influence scientific 

inquiry and impact how students perceive inquiry in the science classroom and understand the 

Nature of Science. The four epistemological themes described by Sandoval are that scientific 

knowledge is constructed, diversity of scientific methods, forms of scientific knowledge, and that 

scientific knowledge varies in certainty. The first theme refers to scientific knowledge 

constructed by people who implement scientific endeavors to explain phenomena occurring in 

the natural world. The second theme, diversity of scientific methods, refers to the varying 

approaches scientists use in their disciplines to understand phenomena. The third theme, forms of 

scientific knowledge, includes the concept that scientific knowledge can differ in explanatory 

nature and scientific experimental methods, guided by epistemological goals. The fourth theme 

represents the varying nature of science, in that scientific knowledge is not known to be absolute 

and may be indeterminant; however, claims can be evaluated concerning agreed upon standards 

(Sandoval, 2005). These themes are guidelines of constructs for students to attain in the science 

classroom. The work of Sandoval assisted the current study as it proposed common themes for 

epistemological beliefs related to scientific inquiry. The researcher focused on beliefs related to 

science teachers and science instructional practices, Sandoval's work guided the understanding of 

epistemology and context for the qualitative analysis. 

 In 2018, Lipsitz carried out a qualitative study to determine how elementary teachers 

conceptualize authentic science, what science practices are included in teachers' plans for science 

instruction following professional development, to what extent the science practices are 
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reflective of authentic science, how teachers conceptualize scientific practice in their classrooms 

in terms of the science activity, and their underlying epistemology. Nineteen fifth grade teachers 

who participated in the National Science Foundation funded Quality Elementary Science 

Teaching (QuEST) project were included in the final data collection. Six fifth grade teachers 

participated in a follow-up interview. As part of the data collection, participants provided a 

lesson plan, completed a questionnaire, and interview. In addition, six of the participants 

completed a pre-interview task and follow up interview. The pre-interview task consisted of 

reviewing a list of statements related to gaps between authentic and school science and chose the 

statement they found most important. A phenomenological analysis was utilized to understand 

teachers' conceptualization of authentic science. Lipsitz found that the Next Generation Science 

Standards Science and Engineering Practices (SEPs) were included in elementary teachers' 

lesson plans but focused on aspects of the teacher-driven practices and that teachers engaged 

students in the SEPs for assessment of understanding versus opportunities for student sense-

making. Lipsitz discovered that teachers' epistemology can influence their planning process and 

how those plans are enacted in the classroom; thus, if teachers hold inaccurate views of science, 

they may implement lessons that do not accurately represent authentic science practices. With 

new science standards, it is crucial to understand how elementary and secondary teachers 

conceptualize authentic science. Lipsitz focused on how elementary teachers conceptualize 

authentic science, whereas the researcher expanded upon Lipsitz's work by focusing on 

secondary science teacher's conceptualization of authentic science. 

 Huling (2014) conducted a mixed method study to understand the relationship between 

teachers' intentions to teach the Nature of Science and possible relationships with personal 

epistemological beliefs. Huling chose 28 sixth grade science teachers to be a part of the study. 
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Phase one assessed correlational relationships between participants’ understandings of the Nature 

of Science and personal epistemological beliefs. Phase two consisted of a more in-depth analysis 

of eleven participants via classroom observations, artifact collection, and survey scores. Huling 

utilized Pearson r to analyze the quantitative data and implemented thematic coding to analyze 

the qualitative data. Phase one displayed a correlation between personal epistemological beliefs 

and understanding of the nature of science. Phase two delineated how personal epistemological 

beliefs and knowledge of the Nature of Science interact with instruction. With the change in the 

national science curriculum, Huling’s study supported the exploration of further research to 

focus on how the personal epistemology of a teacher can be related to instruction. In the current 

study, it is hoped that Huling’s work can be expanded by studying how a science teacher’s 

personal epistemology influenced science instructional practices rooted in the Next Generation 

Science Standards Science and Engineering Practices. 

 In 2001, Govett conducted a mixed method study to determine the efficacy of a 

residential science research experience in changing participants' attitudes and understanding of 

the Nature of Science and their view of themselves as science researchers. Sixteen in-service K-

16 teachers attended a two-week residential institute with a scientific research experience to train 

the skills needed to create lessons modeled after scientific research. Govett (2001) collected data 

from interviews, journal writings, classroom observations, a Research Self-Assessment Survey, 

and Nature of Science and Science Teaching Surveys. The quantitative analysis included pre and 

post means, standard deviations, several correlated t-tests, and multiple repeated measures 

ANOVAs. The qualitative analysis included thematic coding to assess emotions, attitudes, and 

perceptions concerning science, scientific research, and constructivist learning. Results showed 

significant gains for all participants in being more comfortable doing research and some 
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significant improvements in understanding the Nature of Science and views on implementing a 

constructivist learning philosophy. Govett's study inspired the current research as it demonstrated 

how experiences related to scientific research might influence participants and their classroom 

teaching. The present study expands upon Govett's work, focusing on secondary science 

teachers’ experiences teaching student research and conceptualizing authentic science and 

student scientific explorations. 

 In 2017, Terzi and Uyangor conducted a study with 379 pre-service teachers to explore 

the relationship between scientific epistemological beliefs and the educational philosophies of 

pre-service teachers. The research was conducted in a summer pedagogical teacher education 

program. A rational screening model was used to address the research questions. Participants 

completed the Scientific Epistemological Beliefs Scale and Determining the Tendencies towards 

Educational Philosophies Scale (Elder, 1999). Quantitative analysis consisted of calculating 

mean scores regarding the epistemological beliefs and educational philosophies of the pre-

service teachers, Mann Witney-U test for the differences in scientific epistemological beliefs and 

philosophical tendency based on gender, and several ANOVAs to evaluate the differences in 

scientific epistemological beliefs based on the field of study for the pre-service teachers. The 

current study differed from Terzi and Uyangor in that it focused on in-service secondary science 

teachers. Both studies utilized quantitative instruments to assess a teacher’s beliefs about 

science; however, the current study used a mixed methods design which included qualitative 

data. 

 The work of Lipsitz (2018), Huling (2014), Govett (2001), and Terzi and Uyangor (2017) 

provided valuable context about the beliefs of teachers and their influence on an individual’s 

actions. The studies presented provide the support that epistemology can influence the science 
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classroom. For instance, Huling (2014) showed a relationship between personal epistemology 

and a teachers’ understanding of science, and Terzi and Uyangor’s (2017) findings provided 

evidence that a relationship existed between scientific epistemology and the educational 

philosophy of a teacher. As Govett’s study (2001) participant sample consisted of K-16 teachers, 

secondary teachers were included in the sample. Therefore, a gap in the research emerged to 

conduct a study that investigated the beliefs of only secondary science teachers and excluded 

teachers that did not teach at the secondary level. Lipsitz (2018), Huling (2014), and Terzi and 

Uyangor (2017) sample did not include secondary teachers. To further specify the theoretical 

foundation of epistemology, the third construct that this researcher explored was teacher 

epistemology. 

Teacher Epistemology and Science Instructional Practices 

Underlying philosophies and world views of people can be described as epistemologies 

(Muijs, 2011). Teacher epistemology is designated as the distinction between a teacher's 

professed and enacted epistemology (Payne, 2007). Professed beliefs are an individual's views 

about knowledge and knowing, as identified in self-reported surveys (Lang et al., 2020). Enacted 

beliefs are an individual's views about knowledge and knowing as indicated during task 

processing (Lang et al., 2020). Schraw and Olafson (2003) argued that professed and enacted 

epistemology may not be in alignment. Schraw and Olafson's (2003) findings indicated that the 

curriculum might not be implemented as designed. However, Lang et al. (2020) determined that 

epistemic beliefs are the content upon which epistemic cognition processes can act. Beliefs are 

related to how the teacher approaches instruction in a constructivist or non-constructivist manner 

(Huling, 2014). Teachers' epistemological beliefs can influence inquiry-based practices in 

science instruction (Samuel & Ogunkola, 2015). This indicates a need to investigate teacher 
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beliefs related to science instructional practices and student research experiences rooted in the 

NGSS. Teachers play an important role in modifying science instructional practices from school-

related to authentic science strategies. However, little is known of how science teachers view 

science instructional practices related to NGSS (Lipsitz, 2018).  

In 2007, Payne conducted a concurrent mixed method study to determine how 

participation in a teacher research experience affects a teacher's personal epistemology. The 

sample included six in-service teachers who participated in a teacher research experience, and 

collected data included surveys, interviews, reflective journals, and classroom observations. 

Payne developed and utilized the Science Teachers' Beliefs about Science survey as part of the 

study. Quantitative analysis included descriptive statistics and paired-samples t-tests, and 

qualitative analysis involved developing themes to represent recurring patterns in the data and 

axial coding. Payne found minimal changes to epistemology occurred due to the teacher research 

experience, and teacher interviews identified valuable components of the teacher research 

experiences, such as advanced resources, a feeling of rejuvenation in teaching, a new perspective 

on science and scientific research, and first-hand experience in science. The current study 

utilized the Science Teachers' Beliefs about Science instrument developed by Payne and 

explored research experiences. In addition, the present study chose a sample of participants that 

had varying scores on the Science Teachers' Beliefs about Science (STBAS) instrument and 

levels of experience guiding student research. Finally, the current study will expand upon 

Payne's work by including a teacher's self-efficacy to teach science in an integrated STEM 

framework. 

In 2015, Samuel and Ogunkola conducted a descriptive and correlational study to 

determine the level of primary school teachers' epistemological beliefs, if there are significant 
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differences in teachers' epistemological beliefs, and how the levels of primary school teachers' 

epistemological beliefs predicted their use of inquiry-based instruction. Eighty-seven elementary 

teachers participated in the study by completing a demographic survey, Epistemological Belief 

Inventory (Schraw, Bendixen, & Dunkle, 2002), and classroom observations reviewed with the 

Electronic Quality of Inquiry Protocol (Marshall, Smart, & Horton, 2010). The quantitative data 

analysis included calculating participants’ mean score on the epistemological belief inventory, a 

two-way ANOVA to measure the level of teachers' beliefs, and multiple regression procedures to 

determine how teachers' epistemological beliefs predicted their level of inquiry-based 

instruction. Results indicated a moderate prediction of inquiry-based instruction practices and 

demonstrated the importance of epistemological beliefs in teachers. Thus, Samuel and 

Ogunkola's study showed the importance of studying epistemological beliefs in teachers and, in 

turn, supports the current research where the investigator strives to understand how a teacher's 

beliefs influence classroom practice. It also provides a supporting example that epistemology can 

be a predictor for classroom instruction. 

Similarly, to Samuel and Ogunkola, the current study utilized a correlational design and 

multiple regression to evaluate the relationship between the epistemological beliefs of a teacher 

and their instructional practices. The similarity in the research question and subsequent success 

of Samuel and Ogunkola’s work supports the chosen research design and analysis for the current 

research. However, Samuel and Ogunkola and the current study differ as Samuel and Ogunkola 

focused on primary school teachers, and the current work focuses on secondary science teachers. 

Furthermore, the researcher hoped to expand upon Samuel and Ogunkola's work by evaluating a 

science teacher's personal epistemology regarding science and science teaching and its influence 
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on science instructional practices rooted in the Next Generation Science Standards Science and 

Engineering Practices.  

In 2020, Lang, Kammerer, Sturmer, and Gerjets investigated the interplay of individuals 

professed and enacted epistemic beliefs regarding the uncertainty of scientific knowledge and 

how they relate to the evaluation of scientific controversies. Seventy-nine university students 

completed the Scientific Epistemological Beliefs Questionnaire (Conley, Pintrich, Vekiri, & 

Harrison, 2004) one week before completing a subsequent assessment of enacted uncertainty 

beliefs, followed by a reading comprehension ability test. Methods of analysis included 

descriptive and correlational statistics. It was found that professed and enacted uncertainty 

beliefs were interrelated, and both variables predicted individuals' performance in evaluating 

scientific controversies. The work of Lang, Kammerer, Sturmer, and Gerjets was useful for the 

researcher as it provides support that a self-reporting survey can represent enacted beliefs. 

Therefore, the researcher used a self-reporting survey to measure participant's beliefs about 

science and science teaching. 

The related research for constructivism, epistemology, and teacher epistemology 

regarding science instruction encourages exploration that strives to identify a relationship 

between NGSS, the beliefs of a science teacher, and the science instructional practices chosen by 

the teacher. For example, in addition to a science teacher's beliefs, a teacher's self-confidence in 

their ability to teach science has been shown to influence their performance in the classroom. 

Therefore, the final construct of self-efficacy and social cognitive theory has been included as a 

theoretical foundation of this study. 
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Social Cognitive Theory and Self-Efficacy to Teach Science 

Social cognitive theory (SCT) is a psychological and sociological perspective defined by 

Bandura (1997) as a model composed of cognitive, affective, and biological events. Behavioral 

patterns and environmental events all interact as bidirectional determinants of behavior (Mobley, 

2015). Learning is viewed as knowledge acquisition through the cognitive processing of 

information (Stajkovic & Luthans, 1998). Stajkovic and Luthans (1998) described a triangular 

relationship between person, environment, and behavior. SCT explains how and why individuals 

behave as they do (Mobley, 2015). SCT and self-efficacy extend traditional motivational and 

behavioral approaches (Stajkovic & Luthans, 1998). 

As described by Bandura (1997), self-efficacy is related to beliefs in one's ability to 

accomplish a task under specific conditions (Mobley, 2015). The theory suggests that an 

individual's expectations about their ability to act can influence behavior and effort put into 

action when encountering a challenge (Mobley, 2015). Individuals will make assumptions about 

their ability to accomplish a task to succeed at the desired outcome (Driscoll, 2005). Self-

efficacy beliefs can, in turn, influence behaviors and are developed through life experiences 

(Srikoom & Faikhamta, 2018). It was found that teachers' contexts can influence belief, 

perceptions, and self-efficacy related to STEM teaching (Srikoom & Faikhamta, 2018). Aydeniz 

and Ozdilek (2015) determined that implementing argumentation in the class contributed to pre-

service science teachers' self-efficacy to teach science. The teaching context can influence how 

they understand the task and perceive their capabilities (Srikoom & Faikhamta, 2018). 

In 2016, Akella conducted a mixed method, exploratory, and survey study to investigate 

the impact of professional development on the in-service middle and high school science 

teachers' self-efficacy when applying the Next Generation Science Standards practice of 
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analyzing and interpreting data and to understand further the teacher perceptions of facilitators 

and barriers to their self-efficacy in using the approach. The sample included in-service, grades 

six to 12 science teachers that taught in a public school district. Each participant completed a 

demographic survey, a modified version of the STEBI-A survey designed by Akella, and the pre- 

and post-program barriers survey. The original STEBI-A was developed by Riggs and Enochs 

(1990). Akella utilized a triangulation approach to compare and corroborate the findings from 

surveys. Akella analyzed quantitative data via a one-tailed t-test, and qualitative data were coded, 

categorized, and reviewed. Akella found that focused and targeted professional development 

helped improve participants' self-efficacy in incorporating the NGSS practices and addressed 

barriers to teacher self-efficacy. As the Next Generation Science Standards are implemented 

nationwide, teachers are challenged to integrate the standards into their classrooms. With this 

new challenge, a teacher's self-efficacy to teach integrated science will be tested. The work of 

Akella displays the importance of a teacher's prior experience to their self-efficacy in 

incorporating the NGSS practices and identified barriers to teacher self-efficacy. In addition, 

Akella provided evidence that previous experiences of the teacher, specifically participating in 

focused and targeted professional development, can improve teachers’ self-efficacy in 

incorporating the Next Generation Science Standards into their teaching practices and classroom. 

Therefore, the researcher intended to investigate the teacher’s experience with guiding student 

research experiences, in addition to the teacher's experience and understanding of professional 

science. The Next Generation Science Standards Science and Engineering Practices encourage 

creating a science classroom that emulates professional science and includes authentic science 

experiences for students. Experience with professional science and guiding student research 

experiences exemplify this overarching goal of NGSS SEPs, prompting the inclusion of a 
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teacher’s prior experience with professional science and student research experiences as a 

variable in the research. The researcher hoped to expand upon Akella's work by focusing on a 

teacher's prior experience with professional science and student research experiences. 

In 2015, Mobley carried out a mixed method study to develop an instrument to measure 

the latent factors describing science teachers' self-efficacy to teach science with an integrated 

STEM framework and identify the constructs that define teacher self-efficacy to teach science 

with an integrated STEM framework. Active science teachers across K-12 grade levels were the 

target population, and they completed the Self-Efficacy to Teach Science in Integrated STEM 

Framework (SETIS), designed by Mobley. Exploratory factor analysis produced three social, 

personal, and material subscales with a 19-item survey, supported by qualitative open-ended 

survey responses and interviews. The SETIS was determined to be a valid and reliable 

instrument. The SETIS, developed by Mobley, was utilized as an instrument in the current study. 

The present research strived to assess self-efficacy, in addition to epistemology, as a predictive 

factor to influence science instructional practices of secondary science teachers. 

In 2018, Kang, Donovan, and McCarthy conducted a mixed method analysis to assess 

elementary teachers' pedagogical content knowledge (PCK) and confidence in their ability to 

support students in enacting the NGSS SEPs. Seventeen second grade teachers that worked in a 

suburban, high-needs school district completed a survey that included self-assessment ratings of 

their knowledge and confidence in their ability to support students and open-ended questions 

about how students enact the SEPs in their classroom. Qualitative analysis occurred in two 

passes, scoring teachers' responses for the level of expertise in PCK using a modified novice-

expert continuum and analyzed to identify patterns in how teachers applied their PCK to plan 

instruction. The quantitative analysis consisted of calculating Cronbach's alpha to evaluate the 
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internal reliability of each NGSS practice on the survey for self-rating knowledge and 

confidence. Kang, Donovan, and McCarthy determined consistency between teachers' ratings of 

their perceptions of knowledge and confidence, and most teachers' examples were scored as 

competent on the components of PCK. The study helped understand what teachers know and can 

do as they move from novice to expert with respect to engaging students in the authentic practice 

of science. To expand upon the work of Kang, Donovan, and McCarthy, the researcher focused 

on science instructional practices related to authentic student research experiences and interview 

participants, which were identified in part based upon the level of experience with guiding 

student research experiences. 

The work of Akella (2016), Mobley (2015), and Kang, Donovan, and McCarthy (2018) 

supported the inclusion of self-efficacy and social cognitive theory as a construct to strengthen 

the study. Akella (2016) and Kang, Donovan, and McCarthy (2018) prompted the inclusion of 

teacher’s prior experience with professional science and student research experiences into the 

current study design, and Mobley (2015) developed the instrument the current research utilized 

to measure self-efficacy. The research supported the concept that self-efficacy and social 

cognitive theory may play a role in a teacher's decision-making when choosing science 

instructional practices. In addition, incorporating self-efficacy into the current study addressed a 

gap of knowledge; specifically, previous research, as outlined in the literature review, addressed 

either epistemology or self-efficacy yet did not include both as a predictive factor. 

Summary of Literature Review 

 The literature review revealed an increasing need to understand what can influence 

instructional practices within the context of the Next Generation Science Standards. The written 

science curriculum is a critical component of science education in the United States. The Next 
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Generation Science Standards change the written science curriculum's viewpoint from the 

importance of memorizing facts to a constructivist approach to teaching science. Qarareh (2016) 

and Adak’s (2017) research showed that students can obtain a higher level of achievement when 

a teacher utilized the constructivist learning model, as opposed to a traditional model of teaching. 

Therefore, constructivism presented itself as a theoretical construct of the current study and 

encouraged instruments that measured constructivist beliefs of secondary science teachers. 

Understanding the alignment of a teacher's beliefs about science and the written science 

curriculum presented a research opportunity. The study of an individual's beliefs is defined as 

epistemology. As the researcher inquired about the epistemology of secondary science teachers, 

the theoretical construct of teacher epistemology was considered a contributing philosophy. 

Teacher epistemology is designated as the distinction between a teacher's professed and enacted 

epistemology (Payne, 2007). A teacher's epistemology can be related to how classroom 

instruction is designed, specifically in a constructivist or non-constructivist approach (Huling, 

2014). Given the relation teacher epistemology can have to constructivist pedagogy, it was 

identified as a predictive factor for the current study. Teacher epistemology is described as the 

distinction between a teacher’s professed and enacted epistemology (Payne, 2007). A teacher’s 

epistemology can be related to how classroom instruction is designed, specifically in a 

constructivist or non-constructivist approach (Huling, 2014). 

 A belief in one's ability to accomplish a task under specific conditions is defined as self-

efficacy by Bandura (1997). A teacher's confidence in their ability to teach science in a 

constructivist manner posed an exciting factor for research. Epistemology and self-efficacy are 

parallel to each other, as both relate to an individual's belief structure. After an extensive review 

of prior research, it became apparent that previous research had been conducted related to 
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teacher epistemology and self-efficacy. However, limited work addressed teacher epistemology 

toward science and science teaching and teacher self-efficacy to teach integrated science as 

predictive factors for science instructional practices. This gap of knowledge encouraged the 

implementation of the current study to understand the relationship between teacher epistemology 

and self-efficacy and its correlation with science instructional practices chosen within the context 

of the Next Generation Science Standards. Epistemology and self-efficacy are symbiotic, as both 

relate to an individual’s belief structure. After an extensive review of prior research, it became 

apparent that prior research had been conducted related to teacher epistemology and self-

efficacy. However, limited work addressed teacher epistemology toward science and science 

teaching and teacher self-efficacy to teach integrated science as predictive factors for science 

instructional practices. As teachers across New York State are confronted with implementing 

curriculum inspired by the constructivist learning model, conflict may occur with their prior 

learning model of choice. This gap of knowledge led to the researcher’s focus on understanding 

the relationship between teacher epistemology and self-efficacy and its correlation with science 

instructional practices within the context of the Next Generation Science Standards. 

For this study, a teacher's chosen science instructional practices were considered to enact 

the Next Generation Science Standards. As teachers across the country adapt their classroom to 

the new science standards, it is essential to conduct research that will expand upon the 

understanding of predictive factors, such as a teacher's beliefs about science and confidence to 

teach science, and how these interact with a teacher’s ability to enact the written standards in 

their classroom. 
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CHAPTER THREE: METHODOLOGY 

This chapter describes the methodology used to conduct this study. The first section 

contains a description of the setting, participants, and sample procedures. Next, the research 

questions and design are outlined with a description of the instruments, data collection, and 

justification of analysis conducted. Lastly, the researcher shares the limitations of the study and 

includes a statement of ethics.  

Description of the Setting, Participants, and Sampling Procedures 

Setting and context. The study took place in school districts across New York State. The 

public school districts of New York State had a diverse population of students and teachers. All 

the districts were public education settings that ranged from urban to suburban to rural school 

districts. This population of diverse school districts of students and teachers provided an 

accessible sample to understand further the relationship between epistemology, self-efficacy, and 

science instructional practices. To limit the influence of confounding variables, the employment 

location and position of the teacher were restricted to the public school districts in New York 

State and secondary science teachers. 

Population and participants. There are 731 school districts in New York State, with 32 

school districts in New York City (New York State Education Department Data Site, 2021). The 

school districts of New York City were excluded from the current study, making 699 school 

districts the target population. The target and accessible population are secondary science 

teachers currently employed in the public school districts of New York State. The intended 

participants of the study are presently employed secondary science teachers in a public school 

district. According to the United States Bureau of Labor Statistics, New York State employs 

approximately 67,000 secondary teachers (U.S. Bureau of Labor Statistics, 2021). 
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Quantitative Sampling Procedures 

Type of sampling and target sample size. A convenience sample was utilized for the 

study. The intended sample was the secondary science teachers employed in public school 

districts in New York State. It was a requirement that the participant was currently employed as a 

science teacher in a public school district. Recruitment efforts were expanded to science 

education organization members of New York State. 

 A sample of convenience targeted a population of in-service secondary science teachers 

throughout New York State. The study consisted of two sequential data collection procedures. 

Phase one of data collection was quantitative, while phase two was qualitative and discussed in 

later report sections. Phase one data collection procedure consisted of distributing the following 

instruments: Science Teachers' Beliefs About Science (STBAS; Payne, 2007), Self-Efficacy to 

Teach Science in Integrated STEM Framework (SETIS; Mobley, 2015), and Science 

Instructional Practice Survey (SIPS; Hayes, Lee, DiStefano, O'Connor, & Seitz, 2016). In 

addition, demographic questions, and a request to interview the participant were included in 

phase one of data collection (Appendix A). 

 Phase one consisted of survey distribution to in-service secondary science teachers at 

public school districts. The survey distribution occurred in two waves. In the first wave, all 

districts' superintendents were contacted for permission to distribute the survey to personnel in 

their districts (Appendix B; Appendix C). Initial contact was made through phone and/or email 

with a description of the study, potential benefits, and privacy protections. The researcher 

provided access to the survey through email distribution. After permission was received from the 

Superintendent of Schools, the survey was distributed through email to the science teachers 

(Appendix D). Email addresses for science teachers were obtained through the corresponding 
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staff and teacher directories on district websites. If email addresses were unavailable, the 

appropriate administrator at the school district was asked to distribute the survey to the science 

teachers. In the second wave, the leaders of education groups related to the Next Generation 

Science Standards, leaders of education groups related to student research experiences, and other 

similar organizations were contacted for permission to distribute the surveys to members of 

organizations. Again, initial contact was made through phone and/or email with a description of 

the survey, potential benefits, and privacy protection. The researcher provided access to the 

survey through email distribution. After permission was received from the leader of the 

educational organization, the survey was distributed to the organization members. If the 

researcher was unable to access emails, the leader of the educational group was asked to 

distribute the survey to science teachers. All contact information was accessed through the 

school district and education organization websites. In addition, participants were asked to send 

the survey to any other secondary science teachers as further recruitment. Demographic 

questions were used to screen for any participants that did not meet the sampling requirement. 

 Sampling criteria and recruitment strategies. The sampling criteria of the study 

required the participant to provide informed consent and currently employed as a secondary 

science teacher at a public school district in New York State. The recruitment communication 

methods included emails, phone conversations and video conferences. Initial contact with 

Superintendent of Schools and/or related administrator was conducted through email. If 

requested by Superintendent of School and/or related administrator, a follow up phone 

conversation or video conference was conducted to provide additional information about the 

current study and to answer questions. After approval was obtained, the Superintendent of 

Schools and/or related administrator sent the recruitment email with survey distribution 
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information directly to secondary science teachers at the school district or provided a 

recommendation on whom to contact to distribute the survey. However, if the Superintendent of 

Schools or high school principal was unwilling or unable to forward the recruitment email with 

survey distribution information, the researcher directly emailed the teachers. Teacher contact 

information were obtained from the school district's webpage. A total of 220 school districts and 

educational organizations were contacted with a return rate of 16%. Recruitment strategies were 

repeated with public and/or private science educational groups to meet the approximate sample 

size. Contact information for the public and/or private education groups was accessed through 

the organization's webpage.  

 Descriptive data of the quantitative sample participants. The total sample consisted of 

58 secondary science teachers. Forty-four participants identified as female and 14 identified as 

male. Most of the participants were between the age of 41-50. Further details of demographic 

data were provided in Table 1.  

Table 1 

Demographic Data for the Total Sample 

Category Total sample (n = 58) Percentage of Sample (%) 
Gender   
 Female 44 76 
 Male 14 24 
Age Range   
 20-25 02 03 
 26-30 05 09 
 31-35 07 12 
 36-40 06 10 
 41-45 15 26 
 46-50 12 21 
 51-55 05 09 
 56-60 04 07 
 61 or older 02 03 
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 As for educational background data, provided in Table 2, a majority of the total sample 

held a master’s degree, and a relatively even distribution of years of teaching experience ranging 

from 0-30 years were present in the total sample. Thirty-one participants held a bachelor’s 

degree as the highest science degree, whereas 27 participants held a master’s degree, doctorate 

degree or other type of degree as their highest science degree. A majority of the total sample had 

0-5 years of science related experience. 

Table 2 

Educational Background Data for the Total Sample 

Category Total sample (n = 58) Percentage of Sample (%) 
Highest Teacher Education Degree   
 Bachelor’s Degree 04 07 
 Master’s Degree 49 84 
 Doctorate Degree 02 03 
 Other 03 05 
Years of Teaching Experience   
 0-5 years 12 21 
 6-10 years 10 17 
 11-15 years 12 21 
 16-20 years 09 16 
 21-25 years 11 19 
 26-30 years 04 07 
 More than 30 years 00 00 
Highest Science Degree   
 Bachelor’s Degree 31 53 
 Master’s Degree 21 36 
 Doctorate Degree 03 05 
 Other 03 05 
Years of Science Related Experience   
 No science related experience 06 10 
 0-5 years 21 36 
 6-10 years 06 10 
 11-15 years 03 05 
 16-20 years 08 14 
 21-25 years 10 17 
 26-30 years 02 03 
 More than 30 years 02 03 
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 Table 3 provided additional detail to describe science related experience. Most 

participants had prior science related experiences. Half of the participants had previously taught 

a science research program with the other half of participants having not previously taught a 

science research program. Of the total sample, most participants had 0-5 years of science 

research teacher experience. Majority of the total sample had experience guiding student 

research experiences. 

Table 3 

Science Related Experience Data of Total Sample 

Category Total Sample (n = 58) Percentage of Sample (%) 
Participation in Science-Related 
Professional Experiences   

 No 06 10 
 Research Lab/Facility 27 47 
 Internship/Fellowship 15 26 
 Professional Development Course(s) 38 66 
 Teacher Research Experience 18 31 
 Other  05 09 
Taught a Science Research Program   
 Yes 29 50 
 No 29 50 
 Other 00  
Years of Science Research Teacher 
Experience   

 Has not been involved or taught  25 43 
 0-5 years 21 36 
 6-10 years 07 12 
 11-15 years 03 05 
 16-20 years 02 03 
 21-25 years 00 00 
 26-30 years 00 00 
 More than 30 years 00 00 
Guided Student Research Experiences   
 Yes 35 60 
 No 18 31 
 Other 05 9 

Note. Multiple responses were accepted for participation in the science-related professional 
experiences category. 
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Qualitative Sampling Procedure 

 Type of sampling and target sample size. The qualitative portion of the study consisted 

of semi-structured interviews with six secondary science teachers (Appendix E). A purposive 

sampling procedure was utilized to identify the six participants to interview. The six participants 

were chosen based upon responses to the demographic questions and score on the Science 

Teachers Beliefs About Science (STBAS; Payne, 2007). To be considered as a participant for the 

qualitative portion of the study, the participant must have completed the quantitative portion of 

the study and responded “yes” to the demographic survey question of: “Would you be interested 

in participating in a follow-up interview? If so, please provide your contact information.” The 

participant was then considered to be a possible qualitative participant. The STBAS score was 

calculated for the possible qualitative participants. The possible qualitative participants were 

arranged from high to low STBAS score, then all the possible qualitative participants were 

separate into three groups: low STBAS score, medium STBAS score, and high STBAS score. 

Within each group of low, medium, and high STBAS score, the possible qualitative participant’s 

responses to the demographic questions were reviewed by the researcher. The researcher strived 

to identify two possible qualitative participants from each of the three groups of: low STBAS 

score, medium STBAS score, and high STBAS score. The sample of participants for the 

interview were secondary science teachers who had a range of scores on the STBAS; 

specifically, two of the six interview participants had a high mean score on STBAS, two of the 

six interview participants had a medium mean score on STBAS, and two of the six interview 

participants had a low mean score on the STBAS. Within the two possible qualitative 

participants from each group, the researcher identified participants that had no experience 

guiding student research experiences or did have experience guiding student research 
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experiences. The researcher endeavored to choose possible qualitative participants that had 

different teaching experience guiding student research experiences to assess how individuals 

with varying beliefs regarding science and science education and prior experience with student 

research conceptualize student research experiences. Thus, the desired sample size was six in-

service secondary science teachers with differing beliefs about science and science education and 

experience guiding student research experiences. 

 Sampling criteria and recruitment strategies. The purposive sampling criteria means 

that the participant should represent a described score level of STBAS and either have or does 

not have experience guiding students through research experiences. The qualitative analysis 

began with a review of the demographic questions. The six semi-structured interview 

participants were chosen based upon their mean score on the Science Teachers Beliefs About 

Science Survey and experience level with guiding students through research experiences. Two of 

the interview participants had a high mean score on the STBAS, two had a medium mean score 

on the STBAS, and two had a low mean score on the STBAS. Within each of the mean score 

values, one interview participant had more years of experience guiding students through research 

experiences than the other participant. The highest possible mean score on the STBAS is 7.00, 

and the lowest possible mean score on the STBAS is 1.00. Thus, the interview participants were 

chosen to represent the varying ends of the spectrum of scores on the STBAS and experience 

guiding students through research experiences to compare their conceptualization of student 

research experiences. Six possible interview participants were excluded due to a conflict of 

interest with the researcher. Table 4 provides further information about the qualifying interview 

participants STBAS score range and experience guiding students through research experiences. 
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Table 4 

STBAS Score Range and Experience Guiding Students through Research Experience of 

Qualifying Interview Participants 

Category Total Sample (n = 19) Percentage of Sample (%) 
STBAS Score   
 Low 06 36 
 Medium 07 37 
 High 06 36 
Guided Student Research Experiences   
 Yes 14 74 
 No 03 16 
 Other 02 11  

 

The qualitative portion of the study consisted of semi-structured interviews conducted by 

the researcher. The demographic survey (Appendix A) included an option for participants to 

express interest in being interviewed by the researcher. Therefore, the participants for the 

qualitative component of the study were initially recruited through the recruitment strategies for 

the quantitative component of the study. The qualitative recruitment strategies were consistent 

with the distribution of the surveys. When the participant expressed interest in being interviewed 

by the researcher, they were prompted by the demographic survey (Appendix A) to provide 

contact information (e.g., name, email address, phone number). If a participant expressed interest 

in being interviewed by the researcher and met the sampling criteria for the semi-structured 

interviews, the researcher recruited the participant through email and/or phone with a description 

of the qualitative component of the study, potential benefits, and privacy protections. The 

interviewees were recruited through phone and/or email with a description of the study, potential 

benefits, and privacy protections. The researcher scheduled an interview appointment with each 

interview participant. 
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 Descriptive data of the qualitative sample participants. The interview sample 

consisted of 6 secondary science teachers. Majority of the interview participants were female 

identified. Further details of demographic data were provided in Table 5.  

Table 5 

Demographic Data for the Interview Participants 

Category Interview Sample (n = 6) Percentage of Sample (%) 
Gender   
 Female 4 67 
 Male 2 33 
Age Range   
 20-25 1 17 
 26-30 0 00 
 31-35 1 17 
 36-40 1 17 
 41-45 2 33 
 46-50 0 00 
 51-55 0 00 
 56-60 1 17 
 61 or older 0 00 

 

 As for educational background data, provided in Table 6, majority of the interview 

sample held a master’s degree, and a relatively even distribution of years of teaching experience 

ranging from 0-30 years were present in the interview sample. Three participants held a 

bachelor’s degree as the highest science degree, whereas the remaining three participants held a 

master’s degree, doctorate degree or other type of degree as their highest science degree. Years 

of science related experience ranged from no science related experience to 26-30 years. 
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Table 6 

Educational Background Data for the Interview Participants 

Category Interview Sample (n = 6) Percentage of Sample (%) 
Highest Teacher Education Degree   
 Bachelor’s Degree 0 00 
 Master’s Degree 5 83 
 Doctorate Degree 1 17 
 Other 0 00 
Years of Teaching Experience   
 0-5 years 1 17 
 6-10 years 2 33 
 11-15 years 1 17 
 16-20 years 0 00 
 21-25 years 1 17 
 26-30 years 1 17 
 More than 30 years 0 00 
Highest Science Degree   
 Bachelor’s Degree 3 50 
 Master’s Degree 1 17 
 Doctorate Degree 1 17 
 Other 1 17 
Years of Science Related Experience   
 No science related experience 1 17 
 0-5 years 2 33 
 6-10 years 1 17 
 11-15 years 0 00 
 16-20 years 0 00 
 21-25 years 1 17 
 26-30 years 1 17 
 More than 30 years 0 00 

 

 Table 7 provided additional detail to describe science related experience. All participants 

had science-related professional experiences. Half of the participants had previously taught a 

science research program and other half of the participants having not previously taught a 

science research program. The participants that had previously taught a science research program 

had differing years of experience. 
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Table 7 

Science Related Experience Data of Total Interview Participants 

Category Interview Sample (n = 6) Percentage of Sample (%) 
Participation in Science-Related 
Professional Experiences   

 No 0 00 
 Research Lab/Facility 1 17 
 Internship/Fellowship 2 33 
 Professional Development 

Course(s) 2 33 

 Teacher Research Experience 2 33 
 Other  1 17 
Taught a Science Research Program   
 Yes 3 50 
 No 3 50 
 Other 0 00 
Years of Science Research Teacher 
Experience   

 Has not been involved or taught  3 50 
 0-5 years 2 33 
 6-10 years 0 00 
 11-15 years 1 17 
 16-20 years 0 00 
 21-25 years 0 00 
 26-30 years 0 00 
 More than 30 years 0 00 
Guided Student Research Experiences   
 Yes 3 50 
 No 3 50 
 Other 0 00 

Note. Multiple responses were accepted for participation in the science-related professional 
experiences category.   
 

Research Questions and Hypothesis 

The following questions were addressed in this study: 

1. To what degree and in what manner do a science teacher's personal epistemology 

regarding science and science teaching and self-efficacy to teach science in an integrated 
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STEM framework impact science instructional practices rooted in the Next Generation 

Science Standards Science and Engineering Practices? 

2. How do science teachers conceptualize science instructional practices in the classroom in 

terms of student research experiences in relation to underlying science teachers' personal 

epistemology regarding both science and science teaching? 

The researcher tested the following hypothesis for the quantitative research question one:  

1. Non-directional: There will be a significant correlation between the predictor variables of 

personal epistemology regarding science and science teaching and self-efficacy to teach 

science in an integrated STEM framework with the criterion variable of science 

instructional practices rooted in the Next Generation Science Standards Science and 

Engineering Practices. 

Research Design 

The methodology for the research followed an explanatory sequential mixed method 

design to examine a science teacher's personal epistemology regarding both science and science 

teaching and self-efficacy to teach science in an integrated STEM framework and their impact on 

science instructional practices rooted in the NGSS SEPs. An explanatory sequential design was 

used in which quantitative data were collected and followed up with qualitative data collection 

(Creswell & Plano Clark, 2011). The researcher explored how secondary science teachers 

conceptualize science instructional practices in the classroom in terms of student research 

experiences. The quantitative portion of the design included an assessment of science teachers' 

responses on the following instruments: Science Teachers' Beliefs About Science (STBAS; 

Payne, 2007), Self-Efficacy to Teach Science in Integrated STEM Framework (SETIS; Mobley, 

2015), and the Science Instructional Practice Survey (SIPS; Hayes et al., 2016). The qualitative 
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portion of the design included a semi-structured interview of a purposive sample of secondary 

science teachers. The researcher placed equal priority on quantitative and qualitative data 

collection. Thus, research question one was quantitative, and question two was qualitative.  

Quantitative Design. A correlational survey research design was used to collect and 

analyze personal epistemology, self-efficacy, and science instructional practices (Creswell & 

Plano Clark, 2011). The quantitative portion of the study included distributing three surveys to 

secondary science teachers. The three surveys utilized were the science teacher's personal 

epistemology regarding both science and science teaching (STBAS; Payne, 2007), self-efficacy 

to teach science in Integrated STEM framework (SETIS; Mobley, 2015), and science 

instructional practices rooted in the NGSS SEPs (SIPS; Hayes et al., 2016).  

Qualitative Design. A case study design was used for collecting and analyzing 

participants' conceptualization of science instructional practices in the classroom in terms of 

student research experiences (Creswell & Plano Clark, 2011). Six secondary science teachers 

bounded the case. The qualitative portion of the study included administering semi-structured 

interviews to six participants to assess their conceptions of science instructional practices in the 

classroom in terms of student research experiences. The participant’s score on the Science 

Teachers Beliefs About Science (STBAS; Payne, 2007) and experience level with guiding 

students through research experiences, in addition to responding “yes” to the follow-up interview 

request, were used to identify six participants for the semi-structured interviews (Appendix E). 

Interview participants were selected as planned, as the researcher endeavored to choose 

interview participants that had different teaching experience guiding student research 

experiences to assess how individuals with varying beliefs regarding science and science 

education and prior experience with student research conceptualize student research experiences. 
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Instrumentation 

Data were collected through the administration of a demographic survey, the Science 

Teacher's Beliefs About Science (STBAS; Payne, 2007), Self-Efficacy to Teach Science in 

Integrated STEM framework (SETIS; Mobley, 2015), Science Instructional Practice Survey 

(SIPS; Hayes et al., 2016), and a semi-structured interview (Appendix E). On June 30, 2020, Dr. 

Diana Payne provided permission to utilize the STBAS as part of the current study (Appendix F). 

On July 1, 2020, Dr. Monica Mobley provided permission to utilize the SETIS as part of the 

current study (Appendix G). On July 6, 2020, Dr. Kathryn Hayes provided permission to utilize 

the SIPS as part of the current study (Appendix H). 

Demographic Survey. The beginning section of the survey was used to gather 

demographic information on gender, age range, teacher education, teacher experience, science-

related education, science-related experience, and experience in guiding student research 

experiences (Appendix A). 

 Measure of Science Teacher's Personal Epistemology. A science teacher's personal 

epistemology regarding both science and science teaching was gathered by utilizing the Science 

Teacher's Beliefs About Science (STBAS; Payne, 2007). The STBAS was used to measure a 

science teacher's personal epistemology or beliefs about the nature of science. Specifically, the 

dimensions of a science teacher's personal epistemology were a teacher's personal interest in 

science, beliefs about the characteristics of science, beliefs about the structure of scientific 

knowledge, and beliefs about student ability to learn science (Payne, 2007). STBAS included a 

total of 26-items, with six subscales assessed by a 7-point Likert scale survey instrument (Payne, 

2007). The subscales assessed by the STBAS are characteristics of scientists (5-items), student 

abilities (4-items), personal interest (7-items), structure of scientific knowledge (5-items), gifted 
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science students (2-items), and problem solving (3-items). The STBAS was scored by calculating 

the average Likert rating (1 = Strongly disagree, 2 = Disagree, 3 = Somewhat Disagree, 4 = 

Neutral, 5 = Somewhat Agree, 6 = Agree, 7 = Strongly Agree) for each participant for each 

subscale (Payne, 2007). For each item, the participant chose a score that best described their 

beliefs about science (Payne, 2007). Participants were informed that their first response was 

often the best reflection of how they felt about each item, and there is no "right" or "wrong" 

answer (Payne, 2007). The STBAS was scored by determining the mean of each subscale and the 

total instrument. The maximum possible score on the STBAS was 7.0 and the minimum possible 

score on the STBAS was 1.0. The appropriate sample for the instrument was secondary science 

teachers. The Cronbach's alpha for the subscale of characteristics of scientists was 0.78, student 

abilities were 0.79, personal interest was 0.82, structure of scientific knowledge was 0.56, gifted 

science students was 0.54, and problem solving was 0.68 (Payne, 2007). Four subscales showed 

internal consistency reliability coefficients greater than or equal to 0.68 (Payne, 2007). The 

subscales of characteristics of scientists, student abilities, and personal interest showed a 

Cronbach’s alpha above the optimum range of greater than or equal to 0.70 (Bland & Altman, 

1997). Reliability analysis did not suggest that dropping any of the items from the instrument 

would increase reliability. The Spearman Brown Prophecy formula was used to determine the 

number of items needed to obtain wanted reliability (Payne, 2007). For the subscale of structure 

of scientific knowledge, the average inter-item correlation of 0.389 generated a reliability 

coefficient of 0.80 (Payne, 2007). For the subscale of gifted science students, the average inter-

item correlation of 0.375 generated a reliability coefficient of 0.80 (Payne, 2007). For the 

subscale of problem solving, the average inter-item correlation of 0.424 generated a reliability 

coefficient of 0.80 (Payne, 2007). The Spearman Brown Prophecy formula was not used with the 
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subscales of characteristics of scientists, student abilities, and personal interest as the reliability 

coefficients are within an acceptable range (Payne, 2007). It took approximately 10 minutes for 

participants to complete the survey.  

 Measure of Self-Efficacy of Science Teachers. A science teacher's self-efficacy to teach 

science was gathered by utilizing the Self-Efficacy to Teach Science in Integrated STEM 

framework (SETIS; Mobley, 2015). The goals of integrated STEM teaching align with science 

education reform efforts, as evident in recent documents such as the NGSS (Mobley, 2015). 

SETIS included a total of 19-items, with three subscales being assessed by a 4-point Likert scale 

(Mobley, 2015). SETIS assessed social, personal, and material constructs of self-efficacy 

(Mobley, 2015). The social construct (10-items) are aspects of self-efficacy that were not entirely 

within the teachers' control and interactions with others (Mobley, 2015). The personal construct 

(5-items) are abilities within the control of the individual and theoretically immune from outside 

influence (Mobley, 2015). The material constructs (4-items) are the ability to adapt that can be 

justified as a resource since adaptability requires the appropriation of existing resources in the 

absence of more preferred alternatives (Mobley, 2015). For each item, the participant chose a 

score that best represented confidence in their ability to perform various teaching tasks from 

"cannot do at all" to "very confident that I can do this" (Mobley, 2015). The SETIS was scored 

by calculating the average Likert rating (1 = Cannot do it at all, 2 = Would have difficulty doing 

this, 3 = Mostly confident I can do this, 4 = Very confident I can do this) for each participant for 

the three aspects of self-efficacy of science teachers (Mobley, 2015). The appropriate sample for 

the instrument was secondary science teachers. The instrument demonstrated acceptable validity 

and reliability (r > .878). The Cronbach's alpha for the subscale of social was 0.917, personal 

was 0.918, and material was 0.878 (Mobley, 2015). Mobley (2015) determined that the SETIS 
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exhibited a high internal consistency and was a valid and reliable approximation of the constructs 

predicting self-efficacy to teach integrated STEM. Due to a clerical error, Item 4, "I am confident 

in my ability to develop a formative assessment to measure student learning of discipline-

specific content while teaching integrated STEM," was accidentally deleted from the survey. 

Internal consistency reliability was maintained with the removal of item 4. For the subscale of 

social, the Cronbach alpha as determined by Mobley (2015) was 0.917, and the study sample was 

determined to be 0.875 (n = 58). For the subscale of personal, the Cronbach alpha as determined 

by Mobley (2015) was 0.918, and the study sample was 0.871 (n = 57). For the subscale of 

material, the Cronbach alpha as determined by Mobley (2015) was 0.878, and the study sample 

was 0.859 (n = 57). With the deletion of item 4, the Cronbach alpha for the subscale of social for 

collected sample was 0.875 (n = 58), the subscale of personal for collected sample was 0.871 (n 

= 57), and the subscale of material for the collected sample was 0.859 (n = 57). Further analysis 

of the Cronbach alpha of the collected sample with the deleted item 4, was determined to exhibit 

internal consistency and was valid and reliable approximation of the constructs predicting self-

efficacy to teach integrated STEM. Permission was obtained from Dr. Monica Mobley to delete 

item 4.  

 The Self-Efficacy to Teach Science in Integrated STEM framework instrument was 

transferred into a digital format, specifically Survey Monkey. Due to a clerical error, Item 4 and 

Item 13 were accidentally deleted from the survey. Item 4, "I am confident in my ability to 

develop a formative assessment to measure student learning of discipline-specific content while 

teaching integrated STEM," and item 13, “I am confident in my ability to use current knowledge 

and skills to teach science within an integrated STEM framework," were excluded from the 

current study. Item 4 was related to the subscale of social, and item 13 was related to the 
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subscale of personal. Dr. Mobley gave permission for deleting items 4 and 13. Following the 

deletion of items 4 and 13, the sum of the scale was revised. Then, any missing values were 

found, and the mean for that participant subscale was removed. Average subscales for all 

instruments were transferred to one excel spreadsheet and prepared for use in IBM SPSS 

Statistics (IBM Corp, 2020).  

 Measure of Science Instructional Practices. A science teacher's science instruction 

practices were gathered by utilizing the Science Instructional Practice Survey (SIPS; Hayes et 

al., 2016). SIPS assessed the key instructional practices underscored by research and the 

Framework for K-12 Science Education (Hayes et al., 2016). The subscales of the SIPS were 

instigating an investigation; data collection and analysis; critique, explanation, and argument; 

modeling; traditional instruction; prior knowledge, and science discourse and communication 

(Hayes et al., 2016). The subscale of instigating an investigation corresponds to the NGSS SEP 

of questioning and planning and carrying out an investigation (Hayes et al., 2016). The subscale 

of data collection and analysis corresponds to the NGSS SEP of planning and carrying out an 

investigation, analyzing and interpreting data, and using mathematical computational thinking 

(Hayes et al., 2016). The subscale of critique, argumentation, and explanation corresponds to the 

NGSS SEP of constructing explanations, and engaging in argument from evidence (Hayes et al., 

2016). The subscale of modeling corresponds to the NGSS SEP of developing and using models 

(Hayes et al., 2016). The subscale of traditional instruction and prior knowledge corresponds to 

non-NGSS SEP related methods of teaching. The SIPS consisted of two overarching prompts; 

How often do your students do each of the following in your science classes? How often do you 

do each of the following in your science instruction? (Hayes et al., 2016). The first prompt 

corresponded to 21-items and the second prompt corresponds to 10-items with the following 
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Likert scale options: 1 = Never, 2 = Rarely/a few times a year, 3 = Sometimes/once or twice a 

month, 4 = Often, 5 = Daily or almost daily (Hayes et al., 2016). The SIPS was scored by 

calculating the average Likert rating for the aspects of instructional practice (Hayes et al., 2016). 

However, it was possible to focus on a single instructional element by calculating the average 

Likert rating for the specified aspect for the participant. The appropriate sample for the 

instrument was secondary science teachers. The Cronbach's alpha for the subscale of instigating 

an investigation was 0.82, data collection and analysis was 0.87, critique, explanation, and 

argumentation was 0.88, modeling was 0.83, traditional instruction was .80, and prior knowledge 

was 0.84 (Hayes et al., 2016). It took a participant 10-20 minutes to complete the SIPS (Hayes et 

al., 2016). Hayes et al. (2016) described how the Cronbach's alpha for the six subscales was 

moderate to high across the study samples. Validation of the SIPS was determined through 

expert review and teacher cognitive interviews, construct validity was assessed through 

Exploratory Factor Analysis with emergent factors tested for validity through confirmation factor 

analysis with an independent sample, which indicated that in a six-factor model, all Goodness of 

Fit markers were met. External validity was evaluated by examining the correlation between 

survey scores, hours of professional development, and school demographics.  

Qualitative. The research question guiding this part of the study was: How do science 

teachers conceptualize science instructional practices in the classroom in terms of student 

research experiences in relation to underlying science teachers’ personal epistemology regarding 

both science and science teaching? A science teacher's concept of student research experiences 

(SRE) was gathered by conducting a semi-structured interview of six secondary science teacher 

(Adapted from Payne, 2007). Student research experiences (SRE) were defined in the study as 

providing students with opportunities to work with scientists conducting scientific research over 
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a prolonged period (Adapted from Payne, 2007). Teachers served as role models and "coaches" 

for students (Adapted from Payne, 2007). A semi-structured interview with six science teachers 

with differing levels of experience guiding student research was utilized to gather insight on the 

conceptualization of science instructional practices in the classroom in terms of student research 

experiences (Appendix E). 

The semi-structured interview consisted of 12 open-ended questions. Three of the 

questions were adapted from Payne (2007) and two of the questions were adapted from Heim 

and Holt (2019). The remaining seven questions were inspired by the literature review and 

designed by the researcher. The semi-structured interview questions were piloted with secondary 

science teachers to gain feedback prior to administering the interview to participants. 

The researcher invited participants from the quantitative sample who showed high, 

medium, or low range scores on the STBAS and either had or did not have experience guiding 

students through a research experience. Information about a science teacher’s prior experience 

with guiding student research was gathered in the demographic survey; specifically, “have you 

been involved with or taught a science research program?” with response options: Yes, No, 

Other; “Science Research Teacher Experience (Years)” with response options: 0-5, 6-10, 11-15, 

16-20, 21-25, 26-30, more than 30 years; and “ Have you guided students through student 

research experiences?” with response options: Yes, No, Other. The researcher chose a case study 

design to study teachers' conceptualization of science instructional practices in the classroom 

regarding student research experiences (Creswell & Plano Clark, 2011). Six secondary science 

teachers bounded the case. All interviews were recorded, transcribed, and analyzed by the 

researcher. 
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After the science teacher participated in the quantitative portion of the study, the 

researcher interviewed six secondary science teachers individually on one occasion for 

approximately 30 to 45 minutes each. The interviews took place via Zoom Video Conferencing 

to make the session safe, accessible, and convenient for the participant. Upon invitation, an 

introduction and overview of the study were provided to each participant. In addition, the 

researcher reviewed confidentiality and the declaration that it was possible to exit the interview 

at any time with no repercussions. Prior to beginning the interview, the researcher asked 

permission to record the session. Once the participant was aware of their rights, the researcher 

began the semi-structured, open-ended questions. The interview protocol consisted of twelve 

questions adapted specifically to collect data related to the teacher’s perspective on authentic 

science and student research experiences and their experience and perspective of student research 

experiences and associated science instructional practices (Appendix E). The following questions 

assessed a teacher’s perspective on authentic science and student research experiences: (a) 

Describe, in your own words, authentic science, (b) Describe, in your own words, a student 

research experience, (c) Describe how you feel about student research experiences being 

incorporated into the classroom, (d) Why do student research experiences seem valuable, in your 

opinion? (Adapted from Payne, 2007). The following questions assessed a teacher’s experience 

and perspective of student research experience: (a) Tell me a little about yourself, (b) how often 

are student research experiences incorporated into your classroom? Describe a student research 

experience that you have incorporated into your classroom, (c) Describe, in your own words, 

your role as the teacher in relation to student research experiences, (d) Is your role as a science 

research teacher different from your role as a non-science research teacher? If so, please explain 

how the roles compare (Adapted from Heim and Holt, 2019), (e) Would you recommend 
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incorporating student research experiences into the classroom for other teachers? Why or why 

not? If so, what science instructional practices would you recommend to the other teacher? (f) 

Has participation in student research experiences changed how you view science education? 

(Adapted from Payne, 2007). The following questions assessed a teacher’s science instructional 

practices associated with student research experiences: (a) Describe science instructional 

practices utilizing while incorporating student research experiences into your classroom, (b) Do 

your science instructional practices related to a student research experience differ from your 

science instructional practices related to non-student research experiences? If so, please explain 

how the instructional practices compare (Adapted from Heim and Holt, 2019). 

The researcher began the session with questions to understand the teacher’s perspective 

of authentic science and student research experiences. Next, the researcher continued the session 

with questions to understand the teacher’s experience and perspective of student research 

experiences. Finally, the researcher concluded the session with questions to understand the 

teacher's science instructional practices with student research experiences. 

Data Analyses 

 Given the nature of the research questions of the current study, quantitative methods were 

utilized to answer research question one, and qualitative methods were used to answer research 

question two. To answer research question one, the quantitative analysis chosen was a enter 

method of multiple linear regression (MLR) procedure to determine the relationship between 

teachers’ personal epistemology regarding both science and science teaching and self-efficacy to 

teach science in Integrated STEM framework and the science instructional practices of the 

classroom that are rooted in the NGSS. A MLR was chosen as the study strived to determine the 

magnitude of the relationship between one criterion variable and two predictor variables (Gall, 
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Gall, & Borg, 2003). An enter method of multiple regression was chosen as all predictor 

variables were entered into the analysis in a single step and were not separated stepwise (Gall, 

Gall, and Borg, 2003). To answer research question two, the qualitative analysis chosen was 

axial coding to evaluate teachers' conceptualization of science instruction practices in the 

classroom in terms of student research experiences in relation to underlying science teachers' 

personal epistemology regarding science and science teaching and experience guiding student 

research (Ravitch & Carl, 2016). 

Quantitative. The analysis chosen for the first research question was enter method of 

multiple regression. The analysis was used to test the relationship between personal 

epistemology and self-efficacy predictor variables on the criterion variable of science 

instructional practices. The first research question was used to determine a difference between 

populations of teachers' personal epistemology regarding both science and science teaching 

(Subscales: characteristics of scientists, student abilities, personal interest, structure of scientific 

knowledge, gifted science students, problem solving) and self-efficacy to teach science in 

Integrated STEM framework (Subscales: social, personal, material) and the science instructional 

practices of the classroom that are rooted in the NGSS (Subscales: instigating an investigation; 

data collection and analysis; critique, explanation and argument; modeling; traditional 

instruction; prior knowledge, and science discourse and communication). Due to issues with 

collinearity, the self-efficacy to teach science in Integrated STEM framework subscales of social, 

personal, and material were collapsed into the subscale of total. Further detail as to the reasoning 

to collapse the subscales was included in the correlations section of Chapter Four. The 

independent variables were the teachers’ personal epistemology regarding both science and 

science teaching and self-efficacy to teach science in an Integrated STEM framework. The 
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dependent variable was science instructional practices of the classroom that are rooted in the 

NGSS. All three instruments produced continuous data. The individual scores of the participants 

were utilized in the quantitative analysis.  

Six enter method of multiple regression analyses were performed to evaluate the 

influence of the personal epistemology and self-efficacy predictor variables on the criterion 

variable of science instructional practices. For the enter method of multiple regression analysis 

the subscales for the predictor variable of personal epistemology were characteristics of 

scientists, student abilities, personal interest, structure of scientific knowledge, gifted science 

students, problem solving and the subscales for the predictor variable of self-efficacy was total. 

For the enter method of multiple regression analysis the subscales for the criterion variable of 

science instructional practices were instigating an investigation; data collection and analysis; 

critique, explanation, and argument; modeling; traditional instruction; prior knowledge, and 

science discourse and communication. The following six enter method of multiple regression 

analyses were performed: all predictor variables of STBAS and all predictor variables of SETIS 

to the criterion variable of SIPS instigating an investigation; all predictor variables of STBAS 

and all predictor variables of SETIS to the criterion variable of SIPS data collection and analysis; 

all predictor variables of STBAS and all predictor variables of SETIS to the criterion variable of 

SIPS critique, explanation and argumentation; all predictor variables of STBAS and all predictor 

variables of SETIS to the criterion variable of SIPS modeling; all predictor variables of STBAS 

and all predictor variables of SETIS to the criterion variable of SIPS traditional instruction; and 

all predictor variables of STBAS and all predictor variables of SETIS to the criterion variable of 

SIPS prior knowledge, science communications and discourse. As multiple analysis tests were 
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conducted, a Bonferroni adjustment was encouraged to decrease the possibility of a type 1 error. 

The Bonferroni adjustment changed the alpha to 0.0083. 

Qualitative. The analysis chosen for the second research question was qualitative. Both 

inductive and deductive coding were utilized in the coding process; specifically, axial coding 

was used by the researcher to perform the analysis for the second research question. Axial coding 

was described as coding chunks of data to determine how the codes connect into categories to 

situate sets of concepts to develop findings (Ravitch & Carl, 2016). The second research question 

was used to evaluate teachers' conceptualization of science instruction practices in the classroom 

in terms of student research experiences in relation to underlying science teachers' personal 

epistemology regarding science and science teaching and experience guiding student research.  

Research Timeline 

 The following procedures were followed according to the timeline for the study. 

Approval was secured from the Institutional Review Board (IRB) in November 2020. Data 

collection for this study commenced in November 2020 and concluded in April 2021. Following 

the data collection completed in April 2021, the quantitative data were input into IBM SPSS 

Statistics (IBM Corp, 2020). Qualitative data were input into a Microsoft Word document and 

later transferred (through the coding process) into Microsoft Excel. Data cleaning, screening, and 

analysis were commenced and continued during August 2021. All data were checked for 

accuracy, and all appropriate assumptions were checked for quantitative analyses. The 

dissertation was written during June 2021 to January 2022. The dissertation defense occurred in 

March 2022. 
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 The following procedures were followed according to the timeline. 

1. Approval was granted by Western Connecticut State University's Institutional Review 

Board to conduct the study (November 2020). 

2. Following approval, the recruitment of the sample commenced and concluded (April 

2021). 

3. Data input and analysis occurred (August 2021). 

4. Dissertation finalized (March 2022).  

Statement of Ethics 

The names of all participants in this study and any implicit or explicit reference to their 

positions or organizations were referenced only using pseudonyms and potential identifiers being 

redacted from written archival artifacts included in the study to protect the confidentiality of each 

individual and organization. The data were stored on a password protected electronic device, and 

any data on paper were locked in a filing cabinet by the researcher. Coded data were available to 

researchers related to the study. Data were available to researchers at WCSU and an internal 

auditor for the purpose of data verification, coding, and analysis. Participants were asked to sign 

a consent form before the initial data collection, which included an explanation of their right to 

opt-out of the study at any time and their choice to approve or deny any data collected prior to 

this point of decision. Institutional Review Board (IRB) approval preceded all data collection, 

and the researcher was in possession of a valid Human Subjects Certificate from the IRB. 

  



 

 54 

CHAPTER FOUR: ANALYSIS OF DATA AND FINDINGS 
 

The purpose of this study was to examine the relationship between science teachers’ 

personal epistemology regarding science and science teaching and self-efficacy to teach science 

in an Integrated STEM framework and its impact on science instructional practices rooted in the 

Next Generation Science Standards Science and Engineering Practices. The study also explored 

how teachers conceptualize science instructional practices in the classroom regarding student 

research experiences in relation to underlying science teachers’ personal epistemology regarding 

both science and science teaching. To achieve this, two research questions provided a focus for 

this study. This chapter explains the findings of the two research questions: 

1. To what degree and in what manner do a science teacher’s personal epistemology 

regarding science and science teaching and self-efficacy to teach science in an Integrated 

STEM framework impact science instructional practices rooted in the Next Generation 

Science Standards Science and Engineering Practices?  

2. How do science teachers conceptualize science instructional practices in the classroom in 

terms of student research experiences in relation to underlying science teachers’ personal 

epistemology regarding both science and science teaching? 

The researcher tested the following hypothesis for the quantitative research question one: 

1. Non-directional: There will be a significant correlation between the predictor variables 

personal epistemology regarding science and science teaching and self-efficacy to teach 

science in an Integrated STEM framework with the criterion variable of science 

instructional practices rooted in the Next Generation Science Standards Science and 

Engineering Practices.  



 

 55 

This chapter presents the results of this study. The first section is a description of data 

collected which precedes a section for each research question. Research question 1 was 

investigated by quantitative data. Research question 2 is qualitative, and data were collected 

through semi-structured interviews. 

Quantitative Analyses 

Research Question 1 Analysis 

Description of the quantitative data. The research study employed an explanatory 

sequential mixed method design to examine a science teacher’s personal epistemology regarding 

science and science teaching and self-efficacy to teach science in an integrated STEM 

framework and their impact on science instructional practices rooted in the NGSS SEPs. The 

predictor variables were a science teacher’s personal epistemology regarding science and science 

teaching and self-efficacy to teach science in an Integrated STEM framework. The criterion 

variable was a science teacher’s science instructional practices rooted in the Next Generation 

Science Standards Science and Engineering Practices. The criterion variable of a science 

teacher’s science instructional practices rooted in the Next Generation Science Standards Science 

and Engineering Practices was measured using the Science Instructional Practice Survey (SIPS; 

Hayes et al., 2016). The SIPS included the subscales of: instigating an investigation; data 

collection and analysis; critique, explanation and argumentation; modeling; traditional 

instruction; prior knowledge, science communications, and discourse (Hayes et al., 2016). The 

predictor variable of a science teacher’s personal epistemology regarding science and science 

teaching was measured using the Science Teacher’s Beliefs About Science (STBAS; Payne, 

2007). The STBAS included the subscales of characteristics of scientists, student abilities, 

personal interest, structure of scientific knowledge, gifted science students, and problem solving 
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(Payne, 2007). The predictor variable of a science teacher’s self-efficacy to teach science in an 

Integrated STEM framework was measured using the Self-Efficacy to Teach Science in an 

Integrated STEM Framework survey (SETIS; Mobley, 2015). The SETIS included the subscales 

of social, personal, and material (Mobley, 2015).  

A correlational survey research design was used to collect and analyze personal 

epistemology, self-efficacy, and science instructional practices (Creswell & Plano Clark, 2011). 

The researcher used the IBM Statistical Package for the Social Sciences (SPSS) program to 

analyze data for research question 1 (IBM Corp, 2020). The researcher evaluated the data from 

the total sample (n = 58). One participant was removed as it was a repeat submission (Wright, 

2020). 

Data collected for this study were from the science teacher’s personal epistemology 

regarding both science and science teaching (Payne, 2007), self-efficacy to teach science in 

Integrated STEM framework (Mobley, 2015), and science instructional practices rooted in the 

NGSS SEPs (Hayes et al., 2016). The Science Teacher’s Beliefs About Science (STBAS) 

contained a total of 26-items, with six subscales assessed by a 7-point scale survey instrument 

(Payne, 2007). Data were scored using an answer key provided in the manual that identified 

when reverse scoring was necessary. The researcher scored data accordingly. The STBAS 

contained the following six subscales: (a) characteristics of scientists, (b) student abilities, (c) 

personal interest, (d) structure of scientific knowledge, (e) gifted science students, and (f) 

problem solving (Payne, 2007). The Self-Efficacy to Teach Science in an Integrated STEM 

Framework (SETIS) contained a total of 19-items, with three subscales being assessed by a 4-

point Likert scale (Mobley, 2015). As previously discussed in Chapter 3, one of the items was 

excluded on the SETIS, resulting in a total of 18-items. Data were scored using an answer key 



 

 57 

provided in the manual. The researcher scored data accordingly. The SETIS contained the 

following three subscales: (a) social, (b) personal, and (c) material (Mobley, 2015). The Science 

Instructional Practice Survey (SIPS) contained two overarching prompts (Hayes et al., 2016). 

The first prompt corresponded to 21-items and the second prompt corresponded to 10-items with 

a 5-point Likert scale (Hayes et al., 2016). Data were scored using an answer key provided in the 

manual. The researcher scored data accordingly. The SIPS contained the following six subscales: 

(a) instigating an investigation, (b) data collection and analysis, (c) critique, explanation, and 

argumentation, (d) modeling, (e) traditional instruction, and (f) prior knowledge, science 

communications, and discourse (Hayes et al. 2016).  

Before descriptive statistics, the quantitative data were screened to ensure statistical 

conclusion validity. Following the closing of the recruitment of participants, the responses were 

screened and coded. All participant responses were exported from Survey Monkey to Microsoft 

Excel, then organized, provided an identification number, and cleaned to prepare for descriptive 

statistics analysis. As part of the cleaning process, all unanswered questions were identified. A 

codebook was created, and participant responses were coded according to instructions in a 

codebook. Following coding, the participant scores for the instruments and corresponding 

subscales were calculated according to the matching scoring manual. 

Data screening. Prior to proceeding with the analysis, the data were screened to check 

for missing values. Eight subscale calculations were deleted as the responses were incomplete. 

Missing data were excluded listwise as part of the analysis (Meyers, Gamst & Guarino, 2006). 

This was done to ensure valid interpretation of the analysis. Research question 1 guided the 

examination of the relationship between science teachers’ personal epistemology regarding both 

science and science teaching and self-efficacy to teach science in an Integrated STEM 
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framework impact science instructional practices rooted in the Next Generation Science 

Standards Science and Engineering Practices. Data were collected from each participant's 

responses to the STBAS, SETIS, and SIPS to determine any statistical correlation between 

participant responses. The sample size included n = 58 secondary science teachers. Refer to 

Table 1 for further description of participants. 

Outliers. The researcher evaluated the outliers. The distribution on the subscales for 

STBAS and SETIS was tested. Stem-and-leaf plots were analyzed for all independent variables 

and showed two outliers for STBAS scientists, two outliers for STBAS gifted, and one outlier for 

STBAS problem. One outlier from STBAS scientists was considered extreme. The researcher 

excluded listwise one outlier from STBAS scientists and one outlier STBAS gifted analysis of 

the subscales to address issues with kurtosis values. One additional outlier from STBAS 

scientists was excluded listwise to address issues with Shapiro-Wilk values. Further detail as to 

the reasoning to exclude listwise outliers was included in the normality section. After the 

removal of the three outliers and exclusion of eight incomplete survey responses, the total 

sample size for the quantitative sample was 52 participants. 

 The size of the participant sample can be related to the generalizability of a study. 

Tabachnick and Fidell (2013) developed a formula for calculating an adequate sample size for 

multivariate analysis based on the number of predictor variables, n > 50 + 8m, where m is the 

number of predictor variables. In this study, m = 9, therefore n, the sample size, should exceed 

122. Miller and Kunce (1973), suggested that a ratio of 10 to 1, participant to predictor variable, 

is sufficient. However, Green (1991) stated that the minimum sample size requirement for a 

multiple regression is 5 times as many cases as predictor variables, which in this study would be 

45. Therefore, the sample size meets the minimum criteria stipulated by Green (1991) with 52 
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participants. Due to the minimum sample size, generalizability was included as an external 

validity threat of population validity. The external validity of the study will be further discussed 

in the limitations of the study. 

Descriptive statistics for research question 1. Descriptive statistics were used to 

analyze the scores for the subscales previously mentioned on the Science Teacher’s Beliefs 

About Science (STBAS) and Self-Efficacy to Teach Science in an Integrated STEM Framework 

(SETIS) instruments (Mobley, 2015; Payne, 2007). Descriptive statistics are presented in Table 4 

for the total sample. The researcher examined the mean scores for STBAS subscales and SETIS 

subscales. STBAS subscales reflect standard deviations ranging from 0.5 to 0.8 with means 

ranging from 5.6 to 6.5 on a 7-point scale. SETIS subscales reflect a standard deviation of 0.5 

with means ranging from 3.2 to 3.5 on a 4-point scale. SIPS subscales and total reflect a standard 

deviation of 0.4 to 0.7 with means ranging from 2.9 to 4.2 on a 5-point scale. Assumptions for 

skewness and kurtosis values of all STBAS, SETIS, and SIPS subscales fell within acceptable 

ranges from –2.0 to 2.0 (D’Agostino, Belanger, and D’Agostino, 1990). 
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Table 8 

Mean, Standard Deviation, Skewness, and Kurtosis of Participant Responses to the Science 

Teacher’s Beliefs About Science (STBAS) Instrument, Self-Efficacy to Teach in an Integrated 

STEM Framework (SETIS), and Science Instructional Practice Survey (SIPS) Instrument  

Instrument Mean SD Skewness Kurtosis 
STBAS     
 Scientists 6.5 0.5 -0.7 -0.4 
 Abilities 5.7 0.6 -0.1 -0.9 
 Interest 6.0 0.7 -0.4 -0.4 
 Knowledge 5.9 0.6 -0.2 -0.6 
 Gifted 5.6 0.8 -1.0 00.7 
 Problem 6.2 0.6 -0.9 01.8 
SETIS     
 Social 3.2 0.5 -0.3 -0.5 
 Personal 3.4 0.5 -0.5 -0.3 
 Material 3.5 0.5 -0.4 -1.2 
SIPS      
 Instigating 3.2 0.7 -0.3 -0.0 
 Data 3.8 0.5 -0.3 -0.4 
 Critique 3.5 0.7 0.0 -0.1 
 Modeling 2.9 0.7 -0.1 -0.4 
 Traditional 3.8 0.6 -0.3 00.5 
 Prior 4.2 0.6 -0.8 01.6 

 

Test assumptions. The researcher used multiple regression for this study. The researcher 

evaluated the assumptions of normality, and multicollinearity (Meyers, Gamst & Guarino, 2006). 

These assumptions must be met so the researcher can interpret the data with accuracy. 

Normality. The researcher followed the procedures outlined by Meyers, Gamst, and 

Guarino (2006) to analyze descriptive statistics. Skewness (symmetry) and kurtosis (pointedness) 

values were considered acceptable if they fell within the ranges of –2.0 to 2.0 (D’Agostino, 

Belanger, and D’Agostino, 1990). For this study, the researcher utilized D’Agostino, Belanger, 

and D’Agostino (1990) guidelines when evaluating and determining acceptable skewness 

(symmetry) and kurtosis values (pointedness). As kurtosis values exceeded this assumption for 
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the subscales STBAS scientists and STBAS gifted, the researcher excluded listwise one outlier 

from STBAS scientists and one outlier STBAS gifted analysis of the subscales. Following the 

exclusion listwise of the outliers, STBAS scientists and STBAS gifted values were considered 

acceptable kurtosis values. However, the one excluded outlier for STBAS scientists was 

considered to be extreme. All subscales fell within the acceptable range of -2.0 to 2.0; therefore, 

the researcher decided to move forward with the data analysis for all subscales (D’Agostino, 

Belanger, and D’Agostino, 1990).   

The Shapiro-Wilk test was employed to test normality. The researcher used an alpha level 

of 0.001 as it is recommended to indicate a possible violation of normality (Meyers, Gamst & 

Guarino, 2006). The test results verified that normality was violated at 0.001 alpha level for 

subscales STBAS scientists, STBAS gifted, STBAS problem, SETIS personal, SETIS material, 

and SIPS prior. The test results verified that normality was not violated at 0.001 alpha level for 

subscales STBAS abilities, STBAS interest, STBAS knowledge, SETIS social, SIPS instigating, 

SIPS data, SIPS critique, SIPS modeling, and SIPS traditional. Results for the Shapiro-Wilk test 

for STBAS, SETIS, and SIPS subscales are displayed in Table 9. 
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Table 9 

Shapiro-Wilk Test for the Science Teacher’s Beliefs About Science (STBAS), and Self-Efficacy to 

Teach in an Integrated STEM Framework (SETIS), and Science Instructional Practice Survey 

(SIPS) 

Instrument Shapiro-Wilk 
STBAS   
 Scientists   0.000*** 
 Abilities 0.092** 
 Interest   0.025*** 
 Knowledge 0.186** 
 Gifted   0.000*** 
 Problem   0.000*** 
SETIS  
 Social 0.061** 
 Personal   0.000*** 
 Material   0.000*** 
SIPS   
 Instigating 0.056** 
 Data   0.011*** 
 Critique 0.464** 
 Modeling   0.050*** 
 Traditional   0.031*** 
 Prior   0.000*** 
Note. *p < 0.05; **p < 0.01; ***p < 0.001 
 

 To address the normality violations according to Meyers, Gamst, and Guarino (2006) of 

STBAS scientists, STBAS gifted, STBAS problem, SETIS personal, SETIS material, and SIPS 

prior, the researcher followed the procedures outlined by Leech, Barrett, and Morgan (2015). 

Data transformations as recommended by Meyers, Gamst, and Guarino (2006) and procedures 

outlined by Leech, Barrett, and Morgan (2015) for the Shapiro-Wilk did not correct the Shapiro-

Wilk normality violations. The data transformations consisted of a progression from square root 

to logarithm to inverse square root. As the Meyers, Gamst, and Guarino (2006) and Leech, 

Berrett, and Morgan (2015) protocol did not rectify the normality violations, the researcher 
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proceeded to follow the procedures outlined by Fields (2018). The z-scores for skewness and 

kurtosis of each subscale that violated normality were calculated, and acceptability was 

evaluated. The criteria from Fields (2018) stated that if the absolute value of the z-score is 

greater than 1.96 is significant at p < 0.05, greater than 2.58 is significant at p < 0.01, and greater 

than 3.29 is significant at p < 0.001. The z-scores for STBAS interest, SETIS personal, SETIS 

material, and SIPS prior were determined to be not significant. The z-scores for STBAS gifted 

and problem were determined to be significant at 0.01. The z-score for STBAS scientists was 

determined to be significant at 0.001; therefore, only one outlier was removed, resulting in a 

significant z-score at 0.001. The Shapiro-Wilk test results and subsequent z-score calculation 

procedure, as described by Fields (2009), determined that all the subscales for the STBAS and 

SETIS were considered to meet the normality requirements allowing for the analysis to proceed 

to calculate the multiple linear regression. 
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Table 10 

Skewness, Standard Error of the Skewness, Skewness Z-score, Kurtosis, Standard Error of Kurtosis, Kurtosis Z-score, and 

Significance Level of the Subscales STBAS Scientists, STBAS Interest, STBAS Gifted, STBAS Problem, SETIS Personal, SETIS 

Material, SETIS Total, and SIPS Prior 

Subscale Skewness 
STD Error of 

Skewness 
Skewness Z-

score 
Skewness 
Sig Level Kurtosis 

STD Error 
of Kurtosis 

Kurtosis 
Z-score 

Kurtosis  
Sig Level 

STBAS Scientists -1.1 0.3 -3.5 <0.001*** 1.3 0.6 2.1 0.050*0 
STBAS Interest -0.4 0.3 -1.4 0.050** -0.30 0.6 -0.50 0.050*0 
STBAS Gifted -1.0 0.3 -3.2 <0.010*** 0.9 0.6 1.5 0.050*0 
STBAS Problem -0.9 0.3 -2.8 <0.010*** 1.8 0.6 2.9 0.010** 
SETIS Social -0.3 0.3 -1.0 0.050** -0.5 0.6 -0.8 0.050*0 
SETIS Personal -0.5 0.3 -1.6 0.050** -0.3 0.6 -0.5 0.050*0 
SETIS Material -0.4 0.3 -1.2 0.050** -1.2 0.6 -1.9 0.050*0 
SETIS Total -0.4 0.3 -1.2 0.050** -0.6 0.6 -1.0 0.050*0 
SIPS Prior -0.8 0.3 -2.4 0.050** 1.6 0.6 2.6 0.050*0 

Note. *p < 0.05; *p < 0.01; **p < 0.001*** 
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Correlations. The researcher analyzed the Pearson correlation coefficient to determine 

the relationship between variables. Table 11 shows the Pearson correlation variables for the 

instrument data. To ensure that collinearity did not exist, prior to multiple regression analysis the 

correlations between the independent variables were examined (Meyers, Gamst, & Guarino, 

2006). To meet the assumption for multiple regression, independent variables must not be highly 

correlated from 0.7 to 1.0 (Meyers, Gamst, & Guarino, 2006). All subscales for the STBAS, 

SETIS, and SIPS except the SETIS social, SETIS personal, and SETIS material were not highly 

correlated. Analysis indicated that the independent variable subscales of SETIS social, SETIS 

personal, and SETIS material were highly correlated and ranged from 0.7 to 0.8.  

As the SETIS social, SETIS personal, SETIS material were highly correlated and 

composed the SETIS instrument, the three subscales of the SETIS were condensed into SETIS 

total (Meyers, Gamst & Guarino, 2006). The mean score was 3.3, and the standard deviation was 

0.5 for the SETIS total. The SETIS total skewness and kurtosis values met the assumptions for 

multiple linear regression as both were between -2.0 and 2.0, with a skewness value of -0.4 and a 

kurtosis value of -0.6. The Shapiro-Wilk test results verified that normality was not violated at 

0.001 alpha level for SETIS total. Table 11 shows the Pearson correlation variables for the 

SETIS total. The SETIS total was not highly correlated with the six subscales of the STBAS. 

Therefore, the SETIS total met the data normality assumptions, and it was determined to be 

acceptable to proceed to further analysis. Overall, the test assumptions for multiple linear 

regression were met, and it was permitted to proceed to analysis.  
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Table 11 

Means, Standard Deviations, and Intercorrelations for the STBAS Scientists, STBAS Abilities, 

STBAS Interest, STBAS Knowledge, STBAS Gifted, STBAS Problem, SETIS Total, SIPS 

Instigating, SIPS Data, SIPS Critique, SIPS Modeling, SIPS Traditional and SIPS Prior 

Variable M SD 1 2 30 40 5 600 700 
SIPS Instigating 3.2 0.7 .21 -.12 -.18*- .22* -.19 .10** -.51*** 
SIPS Data 3.8 0.5 .40 -.14 -.27*- .10* -.17 .32** -.41** 
SIPS Critique 3.5 0.7 .26 -.12 -.32*- .14* -.16 .30** -.51*** 
SIPS Model 2.9 0.7 .22 -.06 -.08*- .23* -.13 .19** -.41** 
SIPS Traditional 3.8 0.6 .14 -.17 -.01*- .02* -.12 .01** -.09** 
SIPS Prior 4.2 0.6 .28* -.07 ..34** .09* -.05 .23** -.16** 
Predictor Variable          
01. STBAS Scientists 6.5 0.5   - -.23 -.11*- .33* -.15 .66*** -.21 
02. STBAS Abilities 5.7 0.6     - -.06*- .23* -.15 .23** -.07** 
03. STBAS Interest 6.0 0.7      - .24** -.06 .12** -.38** 
04. STBAS Knowledge 5.9 0.6      - -.10 .17** -.10** 
05. STBAS Gifted 5.6 0.9        - .06** -.08** 
06. STBAS Problem 6.2 0.6        -** -.13** 
 7. SETIS Total 3.3 0.5           - 

Note. p < .05; *p < .01. ** p < 0.001*** 

 For the multiple linear regression, the predictor variables of STBAS scientists, STBAS 

abilities, STBAS interest, STBAS knowledge, STBAS gifted, STBAS problem, and SETIS total 

were analyzed in relation to each criterion variable of SIPS data, SIPS critique, SIPS modeling, 

SIPS traditional, and SIPS prior. The subscales for SIPS were utilized to assess all six aspects of 

instructional practices as described by Hayes et al (2016).  

Description of data analysis. The researcher employed a multiple linear regression 

statistic to examine the relationship between science teachers’ personal epistemology regarding 

science and science teaching and self-efficacy to teach science in an Integrated STEM 
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framework impact science instructional practices rooted in the Next Generation Science 

Standards Science and Engineering Practices. Multiple linear regression was conducted with 

STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, STBAS gifted, STBAS 

problem, and SETIS total as the predictor variables and SIPS instigating, SIPS data, SIPS 

critique, SIPS modeling, SIPS traditional, and SIPS prior as the criterion variables. 

Data analysis of SIPS instigating. The model was not significant F(7,44) = 2.779, p = 

0.018, using a Bonferroni adjustment of p < .05/6 = .008. A major contributor to the regression 

equation was SETIS total with a B value of .70. Table 11 shows the means, standard deviations, 

and intercorrelations for STBAS scientists, STBAS abilities, STBAS interest, STBAS 

knowledge, STBAS gifted, STBAS problem, SETIS total, and SIPS instigating. 

Table 12 

Regression Analysis Summary for STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 

Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, SETIS Personal, SETIS Material 

Predicting SIPS Instigating (n = 52) 

Variable B SEB b 
STBAS Scientist -.08 .25 -.06 
STBAS Abilities -.03 .15 -.03 
STBAS Interest -.03 .12 -.03 
STBAS Knowledge -.15 .16 -.14 
STBAS Gifted -.09 .09 -.12 
STBAS Problem -.03 .18 -.03 
SETIS Total -.70 .20 -.49 
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Table 13 

R, R Square, Adjusted R Square and Standard Error of the Estimate Values for SIPS Instigating 

(n = 52) 

 R R Square Adjusted R Square Std. Error of the Estimate 
SIPS Instigating .554 .307 .196 .598 

 

Table 14 

ANOVA Values for SIPS Instigating (n = 52) 

 Sum of Squares Df Mean Square F Sig 
Regression 06.962 07 .995 2.779 .018 
Residual 15.746 44 .358   
Total 22.708 51    

 

Data analysis of SIPS data. The model was not significant F(7,44) = 2.756, p = 0.018, 

using a Bonferroni adjustment of p < .05/6 = .008. A major contributor to the regression equation 

was STBAS scientists with a B value of .30 and SETIS total with a B value of .31. Table 11 

shows the means, standard deviations, and intercorrelations for STBAS scientists, STBAS 

abilities, STBAS interest, STBAS knowledge, STBAS gifted, STBAS problem, SETIS total, and 

SIPS data. 
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Table 15 

Regression Analysis Summary for STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 

Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, SETIS Personal, SETIS Material 

Predicting SIPS Data (n = 52) 

Variable B SEB b 
STBAS Scientist -.30 .20 -.27 
STBAS Abilities -.03 .12 -.04 
STBAS Interest -.10 .10 -.15 
STBAS Knowledge -.08 .12 -.09 
STBAS Gifted -.07 .07 -.12 
STBAS Problem -.07 .14 -.09 
SETIS Total -.31 .15 -.28 

 

Table 16 

R, R Square, Adjusted R Square and Standard Error of the Estimate Values for SIPS Data  

(n = 52) 

 R R Square Adjusted R Square Std. Error of the Estimate 
SIPS data .552 .305 .194 .469 

 

Table 17 

ANOVA Values for SIPS Data (n = 52) 

 Sum of Squares Df Mean Square F Sig 
Regression 04.244 07 .606 2.756 .018 
Residual   9.678 44 .220   
Total 13.922 51    

 

Data analysis of SIPS critique. The model was significant F(7,44) = 3.288, p = 0.007, 

using a Bonferroni adjustment of p < .05/6 = .008. Together, the variables in the model explained 

31% of the variation in STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, 

STBAS gifted, STBAS problem, and SETIS total, f2=[0.34/(1-0.34)]=[0.34/0.66]=0.52, large 
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effect size (Cohen, 1988). Effect size is a measure of the magnitude of the experimental effect 

(Cohen, 1998). Larger effect sizes are associated with greater levels of statistical power (Meyers, 

Gamst, & Guarino, 2006). The combination of variables significantly predicts SIPS critique with 

SETIS total significantly contributed to the prediction and a major contributor to the regression 

equation with a B value of .67. Table 11 shows the means, standard deviations, and 

intercorrelations for STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, 

STBAS gifted, STBAS problem, SETIS total, and SIPS critique. 

 

Table 18 

Regression Analysis Summary for STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 

Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, SETIS Personal, SETIS Material 

Predicting SIPS Critique (n = 52) 

Variable B SEB b 
STBAS Scientist -.05 -.27 -.03 
STBAS Abilities -.01 -.16 -.01 
STBAS Interest -.14 -.13 -.14 
STBAS Knowledge -.01 -.17 -.01 
STBAS Gifted -.10 -.10 -.13 
STBAS Problem -.29 -.20 -.24 
SETIS Total -.67 -.21 -.42 

 

Table 19 

R, R Square, Adjusted R Square and Standard Error of the Estimate Values for SIPS Critique  

(n = 52) 

 R R Square Adjusted R Square Std. Error of the Estimate 
SIPS critique .586 .343 .239 .648 
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Table 20 

ANOVA values for SIPS Critique (n = 52) 

 Sum of Squares Df Mean Square F Sig 

Regression 09.678 07 1.383 3.288 .007 
Residual 18.503 44 0.421   
Total 28.181 51    

 

Data analysis of SIPS modeling. The model was not significant F(7,44) = 2.173, 

p=0.055. The combination of STBAS scientists, STBAS abilities, STBAS interest, STBAS 

knowledge, STBAS gifted, STBAS problem, and SETIS total as a set of predictor variables did 

not contribute significantly to the prediction of SIPS modeling. A major contributor to the 

regression equation was SETIS total with a B value of .61. Table 11 shows the means, standard 

deviations, and intercorrelations for STBAS scientists, STBAS abilities, STBAS interest, STBAS 

knowledge, STBAS gifted, STBAS problem, SETIS total, and SIPS modeling. 

Table 21 

Regression Analysis Summary for STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 

Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, SETIS Personal, SETIS Material 

Predicting SIPS Modeling (n = 52) 

Variable B SEB b 
STBAS Scientist -.00 .27 -.00 
STBAS Abilities -.20 .16 -.18 
STBAS Interest -.12 .13 -.13 
STBAS Knowledge -.25 .17 -.21 
STBAS Gifted -.06 .10 -.08 
STBAS Problem -.17 .20 -.15 
SETIS Total -.61 .21 -.42 
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Table 22 

R, R Square, Adjusted R Square and Standard Error of the Estimate Values for SIPS Modeling  

(n = 52) 

 R R Square Adjusted R Square Std. Error of the Estimate 
SIPS modeling .507 .257 .139 .638 

 

Table 23 

ANOVA Values for SIPS Modeling (n = 52) 

 Sum of Squares Df Mean Square F Sig 
Regression 06.182 07 .883 2.173 .055 
Residual 17.886 44 .406   
Total 24.068 51    

 

Data analysis of SIPS traditional. The model was not significant F(7,44) = 0.583, p = 

0.766. STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, STBAS gifted, 

STBAS problem, and SETIS total did not contribute significantly to explain the criterion 

variable, SIPS traditional. Table 11 shows the means, standard deviations, and intercorrelations 

for STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, STBAS gifted, 

STBAS problem, SETIS total, and SIPS traditional. 
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Table 24 

Regression Analysis Summary for STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 

Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, SETIS Personal, SETIS Material 

Predicting SIPS Traditional (n = 52) 

Variable B SEB b 
STBAS Scientist -.33 .27 -.26 
STBAS Abilities -.17 .16 -.16 
STBAS Interest -.05 .13 -.06 
STBAS Knowledge -.08 .16 -.08 
STBAS Gifted -.06 .10 -.10 
STBAS Problem -.17 .20 -.17 
SETIS Total -.21 .21 -.16 

 

Table 25 

R, R Square, Adjusted R Square and Standard Error of the Estimate Values for SIPS Traditional  

(n = 52) 

 R R Square Adjusted R Square Std. Error of the Estimate 
SIPS traditional .291 .085 -.061 .630 

 

Table 26 

ANOVA Values for SIPS Traditional (n = 52) 

 Sum of Squares Df Mean Square F Sig 
Regression 01.619 07 .231 .583 .766 
Residual 17.452 44 .397   
Total 19.071 51    

 

Data analysis of SIPS prior. The model was not significant F(7,44) = 1.369, p = 0.242. 

STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, STBAS gifted, STBAS 

problem, and SETIS total did not contribute significantly to explain the criterion variable, SIPS 

prior. Table 11 shows the means, standard deviations, and intercorrelations for STBAS scientists, 
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STBAS abilities, STBAS interest, STBAS knowledge, STBAS gifted, STBAS problem, SETIS 

total, and SIPS prior. 

Table 27 

Regression Analysis Summary for STBAS Scientists, STBAS Abilities, STBAS Interest, STBAS 

Knowledge, STBAS Gifted, STBAS Problem, SETIS Social, SETIS Personal, SETIS Material 

Predicting SIPS Prior (n = 52) 

Variable B SEB b 
STBAS Scientist -.31 .25 -.23 
STBAS Abilities -.00 .15 -.00 
STBAS Interest -.27 .12 -.33 
STBAS Knowledge -.08 .16 -.08 
STBAS Gifted -.03 .10 -.05 
STBAS Problem -.05 .19 -.05 
SETIS Total -.02 .20 -.02 

 

Table 28 

R, R Square, Adjusted R Square and Standard Error of the Estimate Values for SIPS Prior  

(n = 52) 

 R R Square Adjusted R Square Std. Error of the Estimate 
SIPS prior .423 .179 .048 .610 

 

Table 29 

ANOVA Values for SIPS Prior (n = 52) 

 Sum of Squares Df Mean Square F Sig 
Regression 03.530 07 .504 1.370 .242 
Residual 16.203 44 .368   
Total 19.799 51    
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Qualitative Analyses 

Research Question 2 Analysis 

 Description of qualitative data. The second part of the study was qualitative as the 

purpose of this study was to explore how teachers conceptualize science instructional practices in 

the classroom regarding student research experiences in relation to underlying science teachers’ 

personal epistemology regarding both science and science teaching. This section of Chapter Four 

displays data for Research Question 2 by providing detailed information on the coding process 

and analysis. Findings for Research Question 2 are then presented. 

For research question 2, the researcher analyzed qualitative data from a total sample of 

six participants by using grounded theory, and subsequently axial coding. Grounded theory is a 

qualitative approach to research that utilizes data to develop theory (Ravitch & Carl, 2016). It 

sets out to discover or construct theory from data that is obtained and analyzed using a 

comparative analysis (Chun Tie, Birks & Francis, 2019). Data from grounded theory can be 

collected from different sources of data such as interviews and observations (Ravitch & Carl, 

2016). Axial coding was described as going from coding chunks of data to determining how the 

codes connect into categories to situate sets of concepts to develop findings (Ravitch & Carl, 

2016). The analysis began with open coding the six interviews followed by multiple reviews of 

the interviews as it related to the research question (Ravitch & Carl, 2016). The initial codes 

were descriptive in nature, then developed into theoretical categories (Saldaña, 2016). From the 

categories, subthemes and themes were detailed (Saldaña, 2016). Finally, categories, subthemes, 

and themes were formalized into five findings statements supported by instances from the 

interviews (Saldaña, 2016). This chapter presents the related codes, categories, and the research 

question from one data source of secondary science teacher semi-structured interviews. 
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Data analysis and findings are presented in this chapter, and pseudonyms were used for all 

participants. 

 Description of the participants. Six secondary science teachers were identified from the 

quantitative data, which showed high, medium, or low range scores on the STBAS and either had 

or did not have experience guiding students through a research experience. Two teachers scored 

in the low range on the STBAS, two teachers scored in the medium range on the STBAS, and 

two teachers scored in the high range on the STBAS. All STBAS score ranges of the interview 

participants were identified as low, medium, or high range as compared to the STBAS scores of 

the quantitative participants that provided a positive response to the request to be interviewed. 

The maximum possible score on the STBAS was 7.0 and the minimum possible score on the 

STBAS was 1.0. One of the two teachers from each score range on the STBAS had prior 

experience guiding students through student research experience, whereas the other teacher from 

each score range on the STBAS did not have prior experience guiding students through student 

research experiences. As previously discussed, the participant’s STBAS score and level of 

experience guiding student research experiences was used as a guiding principle for selecting the 

interview participants and was considered during the qualitative analysis. Table 30 outlines the 

STBAS scores, STBAS score range compared to other respondent STBAS scores, and years of 

experience guiding student research experiences. Six secondary science teachers bounded the 

case. Table 31 outlines the demographic information for each teacher participant who met the 

criteria for the case study, and table 32 outlines the science related experience for each teacher 

participant who met the criteria for the case study. 
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Table 30 

Description of STBAS Scores, STBAS Score Range as Compared to other Respondent STBAS 

Scores, and Years of Experience Guiding Student Research Experiences of Secondary Science 

Teacher Participants 

Pseudonym STBAS Score Score range Years of Experience 
Draco 6.5 High 0 to 5 

Dorothy 6.5 High No experience 

Milo 5.9 Medium 0 to 5 

Kelly 5.9 Medium No experience 

Minerva 5.6 Low 11 to 15 

Matilda 5.8 Low No experience 
 

Table 31 

Demographic Information of Secondary Science Teacher Participants in the Case Study, 

including Gender, Age Range, Highest Education Related Degree, and Years of Teaching 

Experience 

Pseudonym Gender Age Education Degree Years of Experience 

Draco Male 20 to 25 Master’s 0 to 5 

Dorothy Female 41 to 45 Master’s 11 to 15 

Milo Male 56 to 60 Doctorate 26 to 30 

Kelly Female 31 to 35 Master’s 06 to 10 

Minerva Female 41 to 45 Master’s 21 to 25 

Matilda Female 36 to 40 Master’s 06 to 10 
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Table 32 

Description of Science Related Experience of Secondary Science Teacher Participants in the 

Case Study, including Highest Science Related Degree, Years of Science Related Experience, 

Participation in Science-Related Professional Experiences 

Pseudonym Science Degree Years of Experience Professional Experiences 

Draco Bachelor’s 6 to 10 Professional Development Course(s) 

Dorothy MAT Biology No experience Teacher Research Experience(s) 

Milo Doctorate 26 to 30 Teacher Research Experience(s) 

Kelly Bachelor’s 0 to 5 Internship/Fellowship 

Minerva Master’s 21 to 25 Prior Profession 

Matilda Bachelor’s 0 to 5 
Research Lab/Facility 
Internship/Fellowship 
Professional Development Course(s) 

 

 Draco is a secondary science teacher who has taught chemistry, forensics and was 

involved with a student science research program. He recently earned a master’s degree and 

completed his fourth year of teaching. Draco scored high on the STBAS, relative to the other 

quantitative participants and has experience with student research experiences. Dorothy is a 

secondary science teacher at a small, rural high school after working for a short period of time in 

a city. She has taught adult education, various electives, and life science for grades 8 to 12. She 

does not have experience guiding student research. Milo is a science teacher who has worked in 

parochial and public schools at to the middle and high school level. He was retiring and had 

earned his doctorate. Milo has experience guiding student research experiences. Kelly is a high 

school Earth science teacher that had previously worked at a vocational school. She has worked 

with students that struggled with reading and math. She was in the eighth year of teaching and 

did not have experience guiding student research. Minerva has been teaching for over 20 years 
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and began teaching at the 7th grade level before teaching high school living environment and a 

student science research program. She is a master teacher, nationally board certified, and has 

experience with student research. Matilda has been teaching secondary science for approximately 

10 years. She has worked at a public school and a residential placement school for students with 

severe emotional disturbances. Matilda has no experience guiding student research experiences. 

Among the interview participants, Minerva and Milo have the most experience with guiding 

student research. 

Results of Qualitative Data Analyses 

 Findings from the voices of science teacher participants in this multiple case study 

address the second research question. This section includes a summary of findings followed by 

the introduction of the themes that emerged from participants and a review of the literature. The 

researcher began with opening coding the semi-structured and related prior research publications 

in an axial coding process described by Ravitch and Carl (2016). From there, the researcher was 

able to identify thematic clusters that answered the second research question. The four thematic 

clusters that emerged were students, teachers, professional science, and curriculum.  

Results of Semi-Structured Interviews 

 Results from the six semi-structured interviews revealed several codes that emerged from 

the axial coding analysis of science teacher participant transcripts and related prior research 

publications. The researcher first organized the data collected by question. Next, the researcher 

employed the process of opening coding (Ravitch and Carl, 2016). This process revealed the first 

layer of 77 emergent codes from the six semi-structured interviews and 34 emergent codes from 

related prior research publications. From there, the process of axial coding was conducted, and 

categories were identified. Please refer to Appendix I, Appendix J, Appendix K, Appendix L, 
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and Appendix M for the audit trail of findings for more details on the thematic clusters. The 

researcher then categorized the codes into thematic clusters. The collapsed emergent codes that 

became categories are (a) Curriculum Design, (b) Lesson Plan Design, (c) Embedded Science 

Instructional Practices, (d) Skills, (e) Inquiry and Laboratory Experiences, (f) Student Research 

Experiences, (g) Addressing the Needs of Students, (h) Nature of Science and Professional 

Science, (i) Perception and/or Philosophy of the Teacher, (j) Prior Experiences of the Teacher, 

(k) Teacher Role, (l) Factors Outside of Teacher Control, and (m) Related to the Student. Finally, 

to better understand the results, the researcher collapsed these categories into thematic clusters. 

The thematic clusters that were identified were: (a) Curriculum and Lesson Plan Design with 

Science Instructional Practices, (b) Professional Science, (c) Factors Associated with Teacher, 

(d) Factors Associated with Student. The following sections of this chapter will include a 

discussion of the categories, thematic clusters, and findings. 

Discussion of Categories and Thematic Clusters 

 Finding 1. Teachers conceptualized science instruction as a learner centric 

classroom environment that encourages students to engage in the ever-changing process of 

science by including topics relevant to student interest as a way of practicing mandated 

post-secondary science skills while recognizing student apprehension in exploring the 

nature of science. 

 The first finding was identified through emergence of the following two themes related to 

students. The first theme that emerged from the data associated with students was teachers 

prioritized creating a student centric classroom environment and management techniques that 

encouraged students to engage in the process of science while still recognizing and compensating 

for a student’s apprehension in exploring the fluid nature of science. Instances associated with 
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the first theme was when Minerva shared in her interview that she, “makes kids engaged, they 

feel like they have some control over their education and their role in their education which it’s 

always good” and “it’s really about students deciding what they want to learn about, and the way 

that they’re going to learn about the topic that I’m talking about in the classroom.” Minerva 

shared in her interview about her students, “They’re afraid to be wrong because I think we train 

them to be that way.” The second theme indicated that teachers conceptualized science 

instruction as the inclusion of topics that are relevant to student interest outside of the classroom 

as a way of practicing skills that a student will need in their post-secondary science classes. 

Instances associated with the second theme included when Draco shared in his interview, 

“learning it in the context of school but being able to related it to real life” and when Minerva 

shared, “So, if we don’t teach them how to solve problems in the classroom, then they’re going 

to be ill equipped, and it seems, based on this panel, seems to be hitting them harder their first 

year in science.” 

  

Figure 1. Findings Statement 1 Development. This figure illustrates how the first finding 

statement was developed from the first two themes.  

Findings Statement 1: Teachers conceptualized science 
instruction as a learner centric classroom environment that 

encourages students to engage in the ever-changing process of 
science by including topics relevant to student interest as a way of 

practicing mandated post-secondary science skills while 
recognizing student apprehension in exploring the nature of 

science.

Teachers prioritized creating a student 
centric classroom environment and 

management techniques that encouraged 
students to engage in the process of 
science while still recognizing and 

compensating for a students' apprehension 
in exploring the fluid nature of science.

Teachers conceptualized science 
instruction as the inclusion of topics that 
are relevant to student interest outside of 

the classroom as a way of practicing 
skills that a student will need in their 

post-secondary science classes.
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Table 33 

Themes and Subthemes Related to Findings Statement 1  

Number Theme Subtheme 
1 Teachers prioritized creating a student 

centric classroom environment and 
management techniques that encouraged 
students to engage in the process of 
science while still recognizing and 
compensating for a students' 
apprehension in exploring the fluid 
nature of science. 

Teachers prioritized creating a student 
centric classroom environment and 
lesson structure that encourages 
students to engage in the process of 
science and explore their passions. 

2 Teachers conceptualized science 
instruction as the inclusion of topics that 
are relevant to student interest outside of 
the classroom as a way of practicing 
skills that a student will need in their 
post-secondary science classes. 

Teachers prioritized utilizing classroom 
management techniques that allow 
students the freedom to explore the 
scientific process while still recognizing 
and compensating for a student's fear or 
apprehension in exploring the scientific 
process. 

  Teachers utilized topics that are 
relevant to a student's life and/or 
interest outside of the classroom as a 
way of practicing skills that a student 
will need in their post-secondary 
science classes and/or career. 

 

Finding 2. Teachers’ prior educational and professional experiences expand their 

skill set and influence beliefs related to student ability, value of student research, and 

understanding of authentic science experiences despite the challenges of limited funding, 

time, and mandated curriculum. 

 The second finding was identified through emergence of the following two themes 

related to teachers. The first theme that emerged from the data associated to teachers was; 

Teachers’ prior educational and professional experiences expand upon their skill set and may 

influence beliefs related to student science ability, value of student research experiences, and 

understanding of authentic science practices and potential hesitancy in their ability to 
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successfully facilitate a student research experience. An instance associated with the first theme 

was when Matilda shared in her interview, “and that’s what I really want for all my kids right, I 

want you to leave high school with enough knowledge and skills that you can contribute to 

society and aren’t a burden.” Another participant, Dorothy, shared in her interview, “I’ve always 

sort of valued this student driven, coming up with questions and like that’s something that I’ve 

always valued.” In addition, Minerva shared, “I think if we can get classroom teachers to 

understand that science is really doable by anyone at any age”. However, another participant, 

Matilda posited a different viewpoint, “I don’t find value in it. Most of the time because kids 

don’t put effort in.” The second theme indicated that teachers may encounter challenges such as 

time limits, funding, class size, required state exams, rigidity of written curriculum and priorities 

of the administration that oppose the teacher’s curriculum design and educational priorities to act 

as a guide to help students through the applied process of science. Instances associated with the 

second theme was when Dorothy shared in her interview, “I would encourage that, but I will say 

that teaching a Regents course there’s always the balance between what they have to know for 

the test in June and what, you know, what we want them to experience that isn’t on the test” and 

“my goal has always been, what is the bare minimum information I could present to get kids to 

pass the Regents.” Draco shared, “I’d say I guess it is a little bit different just because of like 

certain constraints like preparing students for exams” and Kelly shared in her interview, “but if 

you’re going to put 34 kids in my classroom, I’m going to continue to struggle to teach because 

they literally can’t walk around them.” 
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Figure 2. Findings Statement 2 Development. This figure illustrates how the second finding 

statement was developed from the two themes. 

  

Findings Statement 2: Teachers’ prior educational and 
professional experiences expand their skill set and 

influence beliefs related to student ability, value of student 
research, and understanding of authentic science 

experiences despite the challenges of limited funding, time, 
and mandated curriculum.

Teachers' prior educational and 
professional experiences expand upon 
their skill set and may influence beliefs 

related to student science ability, value of 
student research experiences, and 
understanding of authentic science 

practices and potential hesitancy in their 
ability to successfully facilitate a student 

research experience.

Teachers may encounter challenges such 
as time limits, funding, class size, 

required state exams, rigidity of written 
curriculum and priorities of the 

administration that oppose the teachers 
curriculum design and educational 

priorities to act as a guide to help students 
through the applied process of science.
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Table 34 

Themes and Subthemes Related to Findings Statement 2  

Number Theme Subtheme 
1 Teachers' prior educational and 

professional experiences expand upon 
their skill set and may influence beliefs 
related to student science ability, value 
of student research experiences, and 
understanding of authentic science 
practices and potential hesitancy in their 
ability to successfully facilitate a student 
research experience.  

Teachers' belief in a student's science 
ability, value of student research 
experiences, and understanding of 
authentic science and the nature of 
knowledge encourages a teacher to 
design a grading system that gives 
students freedom to express their 
knowledge and educational experiences 
that help a student become a productive 
member of society. 

2 Teachers may encounter challenges such 
as time limits, funding, class size, 
required state exams, rigidity of written 
curriculum and priorities of the 
administration that oppose the teacher’s 
curriculum design and educational 
priorities to act as a guide to help 
students through the applied process of 
science. 

Teachers' attitude toward knowledge and 
hesitancy in their ability to successfully 
facilitate or guide a student research 
experience.  
 
A teacher can choose to pursue 
educational and professional experiences 
to expand upon their knowledge and skill 
sets that may influence their beliefs. 
 
Given the curriculum design and 
educational priorities of the teacher, the 
teacher choses to act as a guide to help 
students without providing answers or 
specific guidance as opposed to teacher 
choosing to have control over what 
students are doing in the classroom. 
 
Teacher encounters challenges such as 
time limits, funding, class size, and 
required state exams and rigidity of 
written curriculum to carrying out a 
student research experience in the 
classroom while being evaluated by 
administration, who has their own 
priorities for instruction and influence 
over freedom of the teacher to design 
curriculum and the classroom experience. 
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Finding 3. Teachers conceptualize scientific knowledge as being identified, 

constructed, diversified with varying levels of certainty; and conceptualize scientific 

research as a collaborative endeavor that uses various data collection techniques and 

quantifying information that is shared with the scientific community to improve the greater 

understanding of natural phenomena. 

 The third finding was identified through emergence of the following two themes related 

to professional science. The first theme that emerged from the data associated with professional 

science was teachers conceptualize the nature of professional scientific knowledge as a critical 

component of science literacy that encompasses how scientific knowledge is constructed and 

how it is understood by professionals to be identified, constructed, diversified, and level of 

certainty. Instances associated with the first theme was Matilda mentioned, “Authentic science to 

me is like the scientific method and like following these sets standards of research, and all of this 

but you know there’s so many other sciences, social sciences, psychology is a science that 

doesn’t follow those norms.” At his interview, Milo shared “two part question they had to 

answer. What are you measuring, and how do you measure it, and really everything came back to 

those questions, because a lot of great ideas out there?” The second theme that emerged from the 

data associated with professional science was teachers conceptualize scientific research as 

working collaboratively to conduct research that uses various data collection techniques and 

quantifying information that share their gained understanding with the scientific community by 

publishing the authentic research in a scientific journal. Instances associated with the second 

theme were ones Minerva shared in her interview, “because science in real life is about being 

good problem solvers, not about being good test takers” and “this is collaboration. This is 

science at its finest like if you can find someone to work with you, go for it.” Kelly described, “I 
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would say that’s still authentic because you’re doing the analysis, not, you don’t necessarily have 

to be the person putting a satellite into orbit”. 

 

Figure 3. Findings Statement 3 Development. This figure illustrates how the third finding 

statement was developed from the two themes. 

  

Findings Statement 3: Teachers conceptualize scientific 
knowledge as being identified, constructed, diversified with 

varying levels of certainty; and conceptualize scientific 
research as a collaborative endeavor that uses various data 
collection techniques and quantifying information that is 

shared with the scientific community to improve the greater 
understanding of natural phenomena.

Teachers conceptualize the nature of 
professional scientific knowledge as a 

critical component of science literacy that 
encompases how scientific knowledge is 
constructed and how it is understood by 

professional to be identified, constructed, 
diversified and level of certainty.

Teachers conceptualize scientific research 
as working collaboratively to conduct 

research that uses various data collection 
techniques and quantifying  information 

then share their gained understanding with 
the scientific community by publishing the 
authentic research in a scientific journal.
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Table 35 

Themes and Subthemes Related to Findings Statement 3  

Number Theme Subtheme 
1 Teachers conceptualize the nature of 

professional scientific knowledge as a 
critical component of science literacy that 
encompasses how scientific knowledge in 
constructed and how it is understood by 
professionals to be identified, constructed, 
diversified and level of certainty. 

The nature of professional scientific 
knowledge is a critical component of 
science literacy that encompasses how 
scientific knowledge in constructed and 
how it is understood by professionals to 
be identified, constructed, diversified 
and level of certainty. 

2 Teachers conceptualize scientific research 
as working collaboratively to conduct 
research that uses various data collection 
techniques and quantifying information 
then share their gained understanding 
with the scientific community by 
publishing the authentic research in a 
scientific journal. 

Researchers work collaboratively to 
conduct research that uses various data 
collection techniques and quantifying 
information then share their gained 
understanding with the scientific 
community by publishing the authentic 
research in a scientific journal. 

 

 Finding 4. A paradigm shift is occurring in science education as teachers use 

creative, inclusive instructional strategies by implementing differentiated instruction 

focusing on writing skills, to ensure that all students achieve higher order thinking skills at 

a high level of rigor. 

 The fourth finding was identified through emergence of the following two themes related 

to curriculum. The first theme that emerged from the data associated with curriculum was a 

paradigm shift in science education is occurring as the curriculum transitions to the NGSS SEPs. 

Instances associated with the first theme are Dorothy shared in her interview, “The Next 

Generation Standards in the New York State science learning standards I think they are a big 

paradigm shift in how people are approaching”. Kelly mentioned in her interview, “They’re sort 

of looking at the 5E model and thinking about the Next Generation Science Standards and 

incorporating this into the content from now that they incorporate the 5E model and they do that 
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they do like a lot of routines and a lot of things I like that we haven’t done in the past.” Draco 

shared, “we do evidence claim reasoning a lot with our labs.” The second theme that emerged 

from the data associated with curriculum was teachers use creative instructional strategies. 

Instances associated with the second theme are Draco shared in his interview, “so that was 

amazing, that experience for me because like students really enjoyed it, they could pick 

something that they are passionate about. And then, obviously in like classes like chemistry or 

biology, it’s something harder to like incorporate that with the curriculum.” and “so different 

things depending on the class.” Matilda explained that “I think for my honors kids, it’s great to 

give them an opportunity to explore and like delve into things that interest them. And I think for 

my students who struggling learners that it is a pain in the ever-loving mess. Because they get 

frustrated, like they, they need very clear, very explicit step by step directions, and are really able 

to self-guide themselves through finding information and learning information.” and “it depends 

on the grade level.” In addition, Matilda described level of rigor as “As far as after like freeform 

research we just, it's very nonexistent really in my world, like the level of research like you and I 

think about research like collegiate research. It's like such a different thing. And that's where my 

mind's at, that's what I'm thinking about is like that level of rigor that research should be versus 

the projects that we do with my kids." 



 

 90 

 

Figure 4. Findings Statement 4 Development. This figure illustrates how the fourth finding 

statement was developed from the two themes. 

  

Findings Statement 4: A paradigm shift is occurring in science education as 
teachers use creative, inclusive instructional strategies by implementing 

differentiated instruction focusing on writing skills, to ensure that all 
students achieve higher order thinking skills at a high level of rigor.

A paradigm shift in science education is 
occurring as the curriculum transitions to 

the NGSS SEPs.

Teachers use creative instructional 
strategies.
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Table 36 

Themes and Subthemes Related to Findings Statement 4  

Number Theme Subtheme 
1 A paradigm shift in science 

education is occurring as the 
curriculum transitions to the 
NGSS SEPs.  

A paradigm shift in science education is 
occurring as the curriculum is changed to the 
NGSS SEPs. 

2 Teachers use creative 
instructional strategies.  

Teacher creates lesson plans that are creative and 
utilize varying science instructional practices and 
lesson structure.  

  Teacher uses varying types of science 
instructional practices that will encourage higher 
order thinking skills and support struggling 
students to meet the learning objectives. 

  Teacher strives for all students to become 
proficient in science by emphasizing lesson plans 
that engage students in scientific investigation 
that gives students the opportunity to practice 
writing skills, higher order thinking skills at a 
high level of rigor while still recognizing the 
value of non-traditional skills. 

  Teacher often utilizes differing types of open-
ended inquiry experiences to encourage student 
involvement in scientific investigations and to 
answer scientific questions. 

  Teachers use a mixture of differentiated 
instruction strategies and low stakes activities to 
address the intellectual and/or physical limitations 
of the students and curriculum objectives of the 
course. 

 

  



 

 92 

 Finding 5. Teachers promote student engagement in authentic science practices that 

resemble the practices of professional scientists and the principles of NGSS SEPs by 

striving to provide students with opportunities to engage in the scientific process and act as 

guides to knowledge and skill acquisition, whereas a subset of teachers may lack full 

understanding of the difference between authentic student research and library-based 

research. 

 The fifth finding was identified through emergence of the following additional two 

themes related to curriculum. The first theme that emerged from the data associated with 

curriculum was some teachers may lack a full understanding of the difference between authentic 

student research and library-based research. Instances associated with the first theme are Milo 

explained in his interview, “kids had great ideas, but to get them focused on what they’re going 

to measure, and the idea was critical, so I feel like that’s a real sign, it’s really research.” Matilda 

shared, “like when we’re talking about collegiate research, there’s this, there is like a burden of 

proof you have to have” and “I don’t feel like my research is research.” In addition, Matilda 

described library-based research as, “our research is really a glorified literature review right, we 

might read one or two sources, we might try and synthesize some ideas but it’s not, we’re not 

collecting we’re not contributing to knowledge, we’re reviewing knowledge.” The second theme 

that emerged from data associated with curriculum was teachers promote student engagement in 

authentic science experiences that resemble the practices of NGSS and provide students with 

opportunities to work with scientists conducting scientific research over a prolonged period 

where teachers and scientists can serve as role models and guides, which has been shown to 

dramatically increase the transfer of knowledge, skill, and application to the classroom and 

encourages students to submit their authentic research to science fairs. Instances associated with 
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the second theme are Dorothy mentioned in her interview, “I think my goal is facilitator. So, to 

help them figure out how to you know to help them take those questions that they’re able to 

generate which for many of them is a struggle” and Minerva discussed, “I’m the director, I am 

the person who provides the opportunity, they are in control of their research.” In addition, Milo 

mentioned, “kids had great ideas, but to get them focused on what they’re going to measure, and 

the idea was critical, so I feel like that’s a real sign, it’s really research.” 

 

Figure 5. Findings Statement 5 Development. This figure illustrates how the fifth finding 

statement was developed from the two themes. 

  

Findings Statement 5: Teachers promote student engagement in 
authentic science practices that resemble the practices of professional 

scientists and the principles of NGSS SEPs by striving to provide 
students with opportunities to engage in the scientific process and act 

as guides to knowledge and skill acquisition, whereas a subset of 
teachers may lack full understanding of the difference between 

authentic student research and library-based research.

Some teachers may lack a full 
understanding of the difference between 
authentic student research and library-

based research.

Teachers promote student engagement in 
authentic science experiences that resemble 
the practices of NGSS and provide students 
with opportunities to work with scientists 

conducting scientific research over a 
prolonged period where teachers and 

scientists can serve as role models and 
guides, which has been shown to 

dramatically increase the transfer of 
knowledge, skill, and application to the 
classroom and encourages students to 

submit their authentic research to science 
fairs.
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Table 37 

Themes and Subthemes Related to Findings Statement 5 

Number Theme Subtheme 
1 Teachers promotes student 

engagement in authentic science 
experiences that resemble the practices 
of NGSS and provide students with 
opportunities to work with scientists 
conducting scientific research over a 
prolonged period where teachers and 
scientists can serve as role models and 
guides which has been shown to 
dramatically increase the transfer of 
knowledge, skill, and application to 
the classroom and encourages students 
to submit their authentic research to 
science fairs. 

Teachers promotes student engagement in 
authentic science experiences that resemble 
the practices of NGSS and provide students 
with opportunities to work with scientists 
conducting scientific research over a 
prolonged period where teachers and 
scientists can serve as role models and 
guides which has been shown to 
dramatically increase the transfer of 
knowledge, skill, and application to the 
classroom and encourages students to 
submit their authentic research to science 
fairs. 

2 Some teachers may lack a full 
understanding of the difference 
between authentic student research and 
library-based research. 

Teacher may have misunderstanding of the 
difference between authentic student 
research and library research. 

 

Summary of Analysis of Data and Findings 

 The purpose of this study was to examine the relationship between science teachers’ 

personal epistemology regarding science and science teaching and self-efficacy to teach science 

in an Integrated STEM framework and its impact on science instructional practices rooted in the 

Next Generation Science Standards Science and Engineering Practices. The study also explored 

how teachers conceptualize science instructional practices in the classroom regarding student 

research experiences in relation to underlying science teachers’ personal epistemology regarding 

both science and science teaching. Six quantitative findings and ten themes and five main 

qualitative findings emerged from the data, which resulted from a demographic survey, Science 

Teacher's Beliefs About Science (STBAS; Payne, 2007), Self-Efficacy to Teach Science in an 
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Integrated STEM framework (SETIS; Mobley, 2015), Science Instructional Practice Survey 

(SIPS; Hayes et al., 2016), and a semi-structured interview (Appendix E).  

 The six quantitative findings that emerged from the data were: (a) the combination of 

variables did not contribute significantly SIPS instigating; (b) the combination of variables did 

not contribute significantly SIPS data; (c) the combination of variables significantly predicts 

SIPS critique with SETIS total significantly contributed to the prediction; (d) the combination of 

variables did not contribute significantly to SIPS modeling; (e) the combination of variables did 

not contribute significantly to SIPS traditional; (f) the combination of variables did not 

contribute significantly to SIPS prior.  

 The five qualitative findings that emerged from the data were: (a) Teachers 

conceptualized science instruction as a learner centric classroom environment that encourages 

students to engage in the ever-changing process of science by including topics relevant to student 

interest as a way of practicing mandated post-secondary science skills while recognizing student 

apprehension in exploring the nature of science.; (b) Teachers’ prior educational and professional 

experiences expand their skill set and influence beliefs related to student ability, value of student 

research, and understanding of authentic science experiences despite the challenges of limited 

funding, time, and mandated curriculum.; (c) Teachers conceptualize scientific knowledge as 

being identified, constructed, diversified with varying levels of certainty; and conceptualize 

scientific research as a collaborative endeavor that uses various data collection techniques and 

quantifying information that is shared with the scientific community to improve the greater 

understanding of natural phenomena.; (d) A paradigm shift is occurring in science education as 

teachers use creative, inclusive instructional strategies by implementing differentiated instruction 

focusing on writing skills, to ensure that all students achieve higher order thinking skills at a high 
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level of rigor.; (e) Teachers promote student engagement in authentic science practices that 

resemble the practices of professional scientists and the principles of NGSS SEPs by striving to 

provide students with opportunities to engage in the scientific process and act as guides to 

knowledge and skill acquisition, whereas a subset of teachers may lack full understanding of the 

difference between authentic student research and library-based research. 

 As previously described as part of the purposive sampling procedure of the qualitative 

sample, the semi-structured interview participants represent a described score level on the 

STBAS and either had or did not have experience guiding students through research experiences. 

The participant score level of STBAS did not appear to influence responses during the 

interviews. However, the participants’ experiences guiding students through research activities 

did appear to influence responses during the interviews. 

 An alignment is present between the quantitative and qualitative findings. The 

quantitative and qualitative findings supported that secondary science teacher’s self-efficacy to 

teach an integrated STEM framework plays a part in decision-making regarding science 

instructional practices utilized in the classroom. Of the two quantitative predictor variables 

assessed in the current study, self-efficacy was shown to significantly predict SIPS critique 

whereas beliefs about both science and science teaching was shown to not significantly 

contribute to the SIPS subscales. As for the qualitative work, interview participants spoke with 

confidence of their ability to “change the shape of my classroom a lot” by “embracing” the 

NGSS SEPs and “that’s changed the way I see my role in the classroom”, as shared by Minerva, 

and view themselves as facilitators to student learning, specifically voiced by Milo, “I see myself 

as more of a facilitator” and that the students “got to come up with a curiosity and a little 

willingness to go through struggle.” The qualitative findings also discussed an apprehension 
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from teachers to implement student research experiences in their classrooms due to outside 

factors that may impact their ability to successfully guide student research experiences. In 

addition, both findings supported the prevalence of teacher’s using a constructivist approach to 

teaching science over non-constructivist approach. As significance was observed with one of the 

four quantitative subscales that related to the constructivist approach versus non-constructivist 

approach and interview participant responses that influenced the development of qualitative 

findings one, four, and five. Although the results related to the constructivist approach versus 

non constructivist approach were not significant based on the adjusted Bonferroni alpha, the 

qualitative data supported that teachers spoke of questioning, planning, carrying out 

investigations, and analyzing and interpreting data. It can be concluded that secondary science 

teachers are considering a constructivist approach to teaching science when they are deciding 

which science instructional practices to apply in their classroom. Specifically, secondary science 

teachers are focusing on the NGSS related constructivist approaches of questioning, planning, 

and carrying out an investigation, analyzing and interpreting data, using mathematical models 

and computational thinking, constructing explanations, and engaging in argument from evidence, 

instead of developing and using models, traditional instruction, and prior knowledge.  

The quantitative and qualitative findings differ as they relate to a science teacher’s beliefs 

about both science and science teaching. The quantitative findings rejected that a science 

teacher’s beliefs about both science and science teaching plays a role in science instructional 

practices. The quantitative predictor of secondary science teacher’s beliefs about science and 

science teaching was considered to not significantly influence decision-making regarding science 

instructional practices utilized in the classroom. However, the qualitative findings indicated that 

a teacher’s beliefs and prior experiences may influence science instructional practices. 
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Specifically, the interview participant responses that influenced the development of finding two 

considered the prior educational and professional experiences of a teacher can influence beliefs 

related to value of student research and understanding authentic science experiences. Student 

research and authentic science experiences can be considered a constructivist approach to 

teaching science. In addition, instances of changes occurring in a teacher’s beliefs about science 

and science teaching after a personal or professional experience were observed in the interviews 

such as when Minerva shared, “originally I thought that only students who could do this would 

be an accelerated student because it is a big task” but after her educational experience of 

becoming a Master Teacher, she had a shift in her perspective and explained she still understood 

why “a lot of people don’t want to do it in the junior high level”. Also, Draco described how his 

prior educational and professional experience, “definitely” changed his philosophy. The 

implications of the themes and findings of this research study are discussed in Chapter Five, in 

which recommendations, conclusions, and future research are presented. 

  



 

 99 

CHAPTER FIVE: SUMMARY AND CONCLUSIONS 

This chapter presents an overview of the research study with a summary of chapters one 

through four and addresses the synthesis of the research questions. It is comprised of sections 

that expand on this research study. The chapter includes a section on the findings, provides a 

discussion of the results, suggestions for educators, and recommendations for future research. 

The next section elaborates on the limitations pertaining to the study. Lastly, this chapter 

concludes with a summary of the study.  

Overview of the Study 

Science, technology, engineering, and mathematics (STEM) are integral to nearly all 

facets of modern life and hold the answers to solving today’s challenges (National Research 

Council, 2012). STEM education utilizes the best instructional practices for teaching science, 

technology, engineering, and mathematics curricula. Three conceptualizations of implementing a 

science curriculum that occur in schools are learning about science, engaging in authentic 

science practices, and engaging in the actual work of scientists. There is a gap between learning 

about science and engaging in authentic science practices that prompts revision of the science 

education curriculum. In 2016, New York State (NYS) adopted a version of the Next Generation 

Science Standards (NYSED, 2019). The New York State Department of Education called the 

adapted version New York State P-12 Science Learning Standards (NYSSLS). The Next 

Generation Science Standards (NGSS) encourage authentic science practices while emphasizing 

a three-dimensional model of K-12 science education that focuses on core disciplinary ideas, 

scientific practices, and crosscutting concepts (Krim et al., 2019). With the adoption of a new 

science curriculum, teachers will be challenged with modifying their science instructional 

practices to meet the requirements of the new standards. As the teacher is a critical component of 
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an educational system, it is essential to recognize that teacher beliefs influence classroom 

practices, student beliefs, and student achievement (Payne, 2007). Changing instructional 

practices and beliefs related to student learning can represent a challenge for teachers (Wilde, 

2018). Therefore, this study was used to explore how teachers view science knowledge and their 

self-efficacy to teach science and research how these perceptions may impact instructional 

practices in the classroom. 

Four theoretical foundations related to the study were constructivism, epistemology, 

teacher epistemology, social cognitive theory, and self-efficacy. Constructivism is a perspective 

that acknowledges that knowledge lies in the minds of the individuals who construct what they 

know based on their own experiences (Lipsitz, 2018). Constructivism in science education 

applies constructivist ideas about how people learn to inform research, curriculum development, 

and pedagogy (Taber, 2019). As NGSS SEPs are implemented across the country, they 

encourage constructivist ideas and prompt research to include constructivism as a theoretical 

foundation. The inclusion of constructivism as a theoretical foundation into the current study, 

influenced the inclusion of the second construct, epistemology, as both have been shown to relate 

to beliefs of an individual. Epistemology is a branch of philosophy related to the study of 

knowledge and beliefs that have been shown to influence instructional practices (Samuel & 

Ogunkola, 2015; Sandoval, 2005). Sandoval (2005) suggested four epistemological themes that 

could influence scientific inquiry and impact how students perceive inquiry in the science 

classroom and understand the Nature of Science. As the present study focused on beliefs related 

to science teachers and science instructional practices, Sandoval's work guided the understanding 

of epistemology and context for the qualitative analysis. As the study focused on the beliefs of 

science teachers, to further specify the theoretical foundation of epistemology, the third construct 
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was teacher epistemology. Teacher epistemology is designated as the distinction between a 

teacher's professed and enacted epistemology (Payne, 2007). Professed beliefs are an individual's 

views about knowledge and knowing, as identified in self-reported surveys (Lang et al., 2020). 

Enacted beliefs are an individual's views about knowledge and knowing as indicated during task 

processing (Lang et al., 2020). Teachers' epistemological beliefs can influence inquiry-based 

practices in science instruction (Samuel & Ogunkola, 2015). This indicates a need to investigate 

teacher beliefs related to science instructional practices and student research experiences rooted 

in the NGSS. Related research, as discussed in Chapter 2, for constructivism, epistemology, and 

teacher epistemology encouraged the exploration that strives to identify a relationship between 

NGSS SEPs, the beliefs of a science teacher, and the science instructional practices chosen by 

the teacher. In addition to a science teacher’s beliefs, a teacher’s self-confidence in their ability 

to teach science has been shown to influence their performance in the classroom. Therefore, the 

final construct of social cognitive theory and self-efficacy have been included as a theoretical 

foundation of the study. Social cognitive theory (SCT) is a psychological and sociological 

perspective defined by Bandura (1997) as a model composed of cognitive, affective, and 

biological events. Behavioral patterns and environmental events all interact as bidirectional 

determinants of behavior (Mobley, 2015). As described by Bandura (1997), self-efficacy is 

related to beliefs in one's ability to accomplish a task under specific conditions (Mobley, 2015). 

The theory suggests that an individual's expectations about their ability to act can influence 

behavior and effort put into action when encountering a challenge (Mobley, 2015). 

As a result of the rationale and literature review, the purpose of this study was to examine 

the relationship between science teachers’ personal epistemology regarding science and science 

teaching and self-efficacy to teach science in an Integrated STEM framework impact science 



 

 102 

instructional practices rooted in the Next Generation Science Standards Science and Engineering 

Practices. The study was designed to explore how teachers conceptualize science instructional 

practices in the classroom regarding student research experiences in relation to underlying 

science teachers’ personal epistemology regarding both science and science teaching. 

The researcher determined there was a need to focus on secondary science teachers and 

developed this study with the theoretical frameworks of constructivism, epistemology, teacher 

epistemology, self-efficacy, and social cognitive theory. Beyond the cited research and 

theoretical frameworks, the researcher notes that authentic student research experiences occur 

when students are provided an opportunity to engage in the real-world practices of professional 

scientists and conduct research that emulates publishable scientific work. In doing so, secondary 

science students gain: the experience of how scientific research is conducted; and an 

understanding of the nature of science. An authentic student research experience emulates the 

principals of the constructivist model and an exemplary example of a student activity for the 

Next Generation Science Standards Science and Engineering Practices.  

The specific research questions addressed were:  

1. To what degree and in what manner do a science teacher’s personal epistemology 

regarding science and science teaching and self-efficacy to teach science in an 

Integrated STEM framework impact science instructional practices rooted in the Next 

Generation Science Standards Science and Engineering Practices? 

a. Non-directional: There will be a significant correlation between the 

predictor variables personal epistemology regarding science and science 

teaching and self-efficacy to teach science in an Integrated STEM 

framework with the criterion variable of science instructional practices 
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rooted in the Next Generation Science Standards Science and Engineering 

Practices. 

2. How do science teachers conceptualize science instructional practices in the classroom 

in terms of student research experiences in relation to underlying science teachers’ 

personal epistemology regarding both science and science teaching? 

The researcher pursued this task with an explanatory sequential mixed method that was 

used in which quantitative data were collected and followed with qualitative data collection 

(Creswell & Plano Clark, 2011). The quantitative portion of the design included an assessment of 

science teachers' responses on the following instruments: Science Teachers' Beliefs About 

Science (STBAS; Payne, 2007), Self-Efficacy to Teach Science in an Integrated STEM 

Framework (SETIS; Mobley, 2015), and the Science Instructional Practice Survey (SIPS; Hayes 

et al., 2016). Using a convenience sample, the quantitative sample consisted of 52 in-service, 

secondary science teachers. The qualitative portion of the design included a semi-structured 

interview of a purposive sample of six in-service, secondary science teachers. To answer 

research question one, the quantitative analysis chosen was a multiple regression to determine 

the manner and degree to which teachers’ personal epistemology regarding both science and 

science teaching and self-efficacy to teach science in an Integrated STEM framework predict the 

science instructional practices of the classroom that are rooted in the NGSS. To answer research 

question two, the qualitative analysis chosen was axial coding to evaluate teachers' 

conceptualization of science instruction practices in the classroom in terms of student research 

experiences in relation to underlying science teachers' personal epistemology regarding science 

and science teaching and experience guiding student research (Ravitch & Carl, 2016). 
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Findings, Discussion, and Implications 

 This section describes the findings, discussion, and implications from the statistical and 

qualitative analyses completed in Chapter Four. It also includes a discussion and proposes 

implications for educators and future research related to the results.  

Review of Findings 

The quantitative portion of the study produced six results: (a) The model used to prodice 

SIPS instigating was not significant F(7,44) = 2.779, p = 0.018, using a Bonferroni adjustment of 

p < .05/6 = .008. Although the results were not significant based on the adjusted Bonferroni 

alpha, the qualitative data supported that teachers spoke of questioning, planning, and carrying 

out investigations.; (b) The model to predict SIPS data were not significant at p < .008, F(7,44) = 

2.756, p=0.05, using a Bonferroni adjustment of p < .05/6 = .008. Although the results were not 

significant based on the adjusted Bonferroni alpha, the qualitative data supported that teachers 

spoke of planning and carrying out investigations and analyzing and interpreting data.; (c) The 

model to predict SIPS critique was significant F(7,44) = 2.779, p = 0.007, using a Bonferroni 

adjustment of p < .05/6 = .008. Together, the variables in the model explained 31% of the 

variation in STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, STBAS 

gifted, STBAS problem, and SETIS total, f2=[0.31/(1-0.31)]=[0.31/0.69]=0.45, large effect size 

(Cohen, 1988). The combination of variables significantly predicts SIPS critique with SETIS 

total significantly contributed to the prediction and in alignment with qualitative data in that 

teachers spoke of constructing explanations and engaging in argument from evidence.; (d) The 

model to predict SIPS modeling was not significant F(7,44) = 2.173, p = 0.055. STBAS 

scientists, STBAS abilities, STBAS interest, STBAS knowledge, STBAS gifted, STBAS 

problem, and SETIS total did not contribute significantly.; (e) The model to predict SIPS 
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traditional was not significant F(7,44) = 0.583, p = 0.766. STBAS scientists, STBAS abilities, 

STBAS interest, STBAS knowledge, STBAS gifted, STBAS problem, and SETIS total did not 

contribute significantly.; (f) The model to predict SIPS prior was not significant F(7,44) = 1.369, 

p = 0.242. STBAS scientists, STBAS abilities, STBAS interest, STBAS knowledge, STBAS 

gifted, STBAS problem, and SETIS total did not contribute significantly. 

 The qualitative portion of the study produced five findings: (a) Teachers conceptualized 

science instruction as a learner centric classroom environment that encourages students to engage 

in the ever-changing process of science by including topics relevant to student interest as a way 

of practicing mandated post-secondary science skills while recognizing student apprehension in 

exploring the nature of science.; (b) Teachers’ prior educational and professional experiences 

expand their skill set and influence beliefs related to student ability, value of student research, 

and understanding of authentic science experiences despite the challenges of limited funding, 

time, and mandated curriculum.; (c) Teachers conceptualize scientific knowledge as being 

identified, constructed, diversified with varying levels of certainty; and conceptualize scientific 

research as a collaborative endeavor that uses various data collection techniques and quantifying 

information that is shared with the scientific community to improve the greater understanding of 

natural phenomena.; (d) A paradigm shift is occurring in science education as teachers use 

creative, inclusive instructional strategies by implementing differentiated instruction focusing on 

writing skills, to ensure that all students achieve higher order thinking skills at a high level of 

rigor.; (e) Teachers promote student engagement in authentic science practices that resemble the 

practices of professional scientists and the principles of NGSS SEPs by striving to provide 

students with opportunities to engage in the scientific process and act as guides to knowledge 
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and skill acquisition, whereas a subset of teachers may lack full understanding of the difference 

between authentic student research and library-based research. 

The quantitative and qualitative findings of the current study provide conflicting evidence 

with prior research related to constructivism, epistemology, teacher epistemology and self-

efficacy, and social cognitive theory. The work of Nelson (2017), Qarareh (2016), and Adak 

(2017) provided support that a constructivist learning model can influence the success of science 

students in the classroom and encourages the promise of implementing NGSS SEPs. The current 

study focused on investigating secondary science teachers’ chosen lesson plan design and 

science instructional practices as it related to the constructivist learning model. This prompted 

the selection of the SIPS as an instrument, with four of the six subscales associated with the 

NGSS SEPs (instigating, data, critique, and modeling), and two of the six subscales associated 

with non-NGSS SEPs instructional practices (traditional, and prior). The NGSS SEPs exemplify 

a constructivist approach to science instruction. Upon review of the findings and prior literature, 

it could be suggested that secondary science teachers in New York State are utilizing NGSS 

SEPs of: questioning; planning, and carrying out an investigation; analyzing and interpreting 

data; using mathematical and computational thinking; constructing explanations; and engaging in 

argument from evidence more than they are utilizing NGSS SEPs of developing and using 

models and non-constructivist approaches such as traditional instruction and prior knowledge. In 

addition, the qualitative findings and prior research suggest that teachers are using constructivist 

instructional practices such as questioning, and analysis practices of NGSS SEPs. Conflicting 

evidence between the study results and prior literature arose with the practice of modeling. 

Modeling as a science instructional practice was identified as a code from the semi-structured 

interviews; however, the SIPS subscale of modeling was not considered to be significant. The 
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SIPS subscale of modeling was associated with the NGSS SEPs of developing and using models. 

The two SIPS subscales associated with traditional science instructional practices were not 

considered to be significant. Prior literature suggested that the practice of modeling would have 

been considered to be significant, however this was not observed in the current study. 

As the quantitative and qualitative findings provide examples of secondary science 

teachers utilizing a constructivist approach in their classrooms, it can be concluded that there is 

an alignment between the quantitative and qualitative findings as it pertains to teachers 

exhibiting a constructivist approach that mirrors the practices of NGSS SEPs. As the prior 

literature supports that the constructivist learning model can influence success of science 

students, those teachers who are implementing NGSS SEPs in their classroom may have a higher 

likelihood of student success which prompts further investigation. In addition to the work of 

Nelson (2017), Qarareh (2016), and Adak (2017), the work of Akella (2016), Mobley (2015), 

and Kang, Donovan, and McCarthy (2018), supported the concept that self-efficacy and social 

cognitive theory may play a role in a teacher’s decision-making when choosing science 

instructional practices. The quantitative findings showed that the NGSS SEPs of questioning, 

planning, and carrying out an investigation, constructing explanations, and engaging in argument 

from evidence were possibly significantly related to a science teacher’s self-efficacy to teach 

science. The qualitative findings discussed an apprehension from teachers to implement student 

research experiences in their classrooms due to outside factors that may impact their ability to 

successfully guide student research experiences. The findings concur with previous literature and 

provide additional support that self-efficacy may be an influencing factor in a teacher’s decision-

making when selecting science instructional practices. The work of Lipsitz (2018), Huling 

(2014), Govett (2001), and Terzi and Uyangor (2017) provided support that epistemology can 
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influence the science classroom and the work of Samuel and Ogunkola (2015) also found that 

epistemology can be a predictor for classroom instruction. Review of the quantitative findings 

indicate that the measures of science instructional practices were not significantly related to the 

measures of science teacher’s personal epistemology regarding science and science teaching. The 

quantitative findings of the current study are not in alignment with the previous literature that 

epistemology can influence the science classroom. However, the qualitative findings indicate 

that teachers’ prior educational and professional experiences expand their skill set and influence 

beliefs related to student ability, value of student research experiences, and understanding of 

authentic science experiences, which is in alignment with previous literature. This prompts 

further research into understanding how the beliefs of a science teacher can influence a teacher’s 

decision making when choosing science instructional practices rooted in the Next Generation 

Science Standards Science and Engineering Practices. Overall, the quantitative and qualitative 

findings provide conflicting evidence with prior literature related to constructivism, 

epistemology, teacher epistemology, and self-efficacy and social cognitive theory.  

Implications for Educators and Instructional Leaders 

 The implications for educators and instructional leaders in relation to the findings of the 

current study are based on the review of literature and quantitative and qualitative findings. The 

implications are anticipated to be relevant to secondary science teachers, instructional leaders, 

and related stake holders. These implications are presented in the context of the beliefs and self-

efficacy expressed by the study participants in relation to the research questions. 
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Research Question 1 

 The first research question asked, “To what degree and in what manner do a science 

teacher’s personal epistemology regarding science and science teaching and self-efficacy to 

teach science in an integrated STEM framework impact science instructional practices rooted in 

the Next Generation Science Standards Science and Engineering Practices?” Quantitative results 

showed the SIPS instigating was shown to not contribute significantly based on the adjusted 

Bonferroni alpha; SIPS data was shown to not contribute significantly based on the adjusted 

Bonferroni alpha; SIPS critique was shown to contribute significantly with SETIS total; SIPS 

instigating, SIPS data, and SIPS critique were in alignment with qualitative data in that teachers 

spoke of using data, critiquing it and investigations; SIPS modeling, SIPS traditional, and SIPS 

prior were shown to not contribute significantly. The subscales of the STBAS did not contribute 

significantly to the subscales of the SIPS. As teachers’ self-confidence to teach science in an 

Integrated STEM framework does have an influence on some instructional practices related to 

NGSS SEPs, teachers should be encouraged to develop self-confidence to teach science in an 

Integrated STEM framework as it influences their decisions as to the inclusion and success of 

science instructional practices related to the NGSS SEPs. Related prior literature included the 

work of Akella (2016), who found that focused and targeted professional development helped 

improve participants’ self-efficacy in incorporating the NGSS SEPs and addressed barriers to 

teacher self-efficacy. Furthermore, Mobley (2015) determined that the Self-Efficacy to Teach 

Science in an Integrated STEM framework is a useful instrument in guiding pre-service and 

professional development for integrated STEM science teaching.  
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Research Question 2 

 The second research question asked, “How do science teachers conceptualize science 

instructional practices in the classroom in terms of student research experiences in relation to 

underlying science teachers’ personal epistemology regarding both science and science 

teaching?” The first finding of the qualitative portion of the study was that teachers 

conceptualized science instruction as a learner centric classroom environment that encourages 

students to engage in the ever-changing process of science by including topics relevant to student 

interest as a way of practicing mandated post-secondary science skills while recognizing student 

apprehension in exploring the nature of science. Given the first finding, implications for 

educators and instructional leaders are that professional development opportunities should be 

offered that allow teachers to be immersed in authentic science practices and to practice new 

science instructional practices that are related to constructivism and promote a learner centric 

classroom environment, which is aligned with the NGSS SEPs. In addition, teachers should be 

encouraged to provide opportunities for students to have choice, open exploration, and relevance 

to their interest, when feasible within the restrictions of the prescribed curriculum and school 

environment. Related prior literature included the work of Govett (2002) that showed gains for 

all science teacher participants in being more comfortable conducting research after a residential 

science research experience that featured a scientific research experience designed to improve 

the participants’ ability to model their classroom teaching after scientific research.  

 The second finding of the qualitative portion of the study was teachers’ prior educational 

and professional experiences expand their skill set and influence beliefs related to student ability, 

value of student research, and understanding of authentic science experiences despite the 

challenges of limited funding, time, and mandated curriculum. As for implications for educators 
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and instructional leaders, there was value in expanding upon teachers’ skill sets by attending 

professional development opportunities that are immersive in authentic science practices and 

involve shadowing, and/or spending time working with professional scientists. It was beneficial 

to have prior experience, whether work experience related or as part of a teacher preparation 

program, that mirrors how science is practiced by professional scientists. Teachers should be 

given freedom and autonomy in the classroom to implement authentic science instructional 

practices to foster student exploration into the nature of science. An additional implication for 

educators and instructional leaders was to encourage teachers and students to take educational 

risks, while acknowledging the outside factors (e.g., time limits, funding, class size, required 

state exams, rigidity of written curriculum) that may impact the educator’s ability to successfully 

guide student research experiences. Also, it should be recognized by educators and instructional 

leaders that successfully guiding student research experiences can be a highly challenging task. 

Related prior literature included the work of Krim et al (2019), who offered the Collaborative 

Around Research Experiences for Teachers (CARET) model as a conceptual framework that can 

inform program development related to teacher STEM research experiences and reported that 

teacher research experiences provided a view into instructional impacts and called for more 

studies to understand the correlation between teacher research experience program features with 

instructional outcomes. Also, Heim and Holt (2019) determined that graduate teaching assistants 

perceived benefits from instructional experiences in an introductory biology course. It should be 

recognized that the work of Krim et al (2019) and Heim and Holt (2019) focused on research 

experiences at the undergraduate level, authentic research experiences at the undergraduate level 

may or may not align with the K-12 practices of the Next Generation Science Standards. Each 
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undergraduate authentic research experience would need to be reviewed for alignment with the 

K-12 practices of the Next Generation Science Standards.  

 The third finding of the qualitative portion of the study was teachers conceptualize 

scientific knowledge as being identified, constructed, diversified with varying levels of certainty; 

and conceptualize scientific research as a collaborative endeavor that uses various data collection 

techniques and quantifying information that is shared with the scientific community to improve 

the greater understanding of natural phenomena. Implications for educators and instructional 

leaders are; there was value in developing a teachers’ conceptualization of how scientific 

knowledge is constructed; and teachers should be encouraged to explain their conceptualization 

of how scientific knowledge is constructed by students and considered when developing lesson 

plans, laboratory, and student research experiences. Related prior literature included the work of 

Payne (2007) that identified valuable components of teacher research experiences such as 

advanced resources and first-hand experience in scientific research that related to a feeling of 

rejuvenation in teaching and a new perspective on science and scientific research. 

 The fourth finding of the qualitative portion of the study was a paradigm shift is 

occurring in science education as teachers use creative, inclusive instructional strategies by 

implementing differentiated instruction focusing on writing skills, to ensure that all students 

achieve higher order thinking skills at a high level of rigor. Implications for educators and 

instructional leaders that are related to the fourth finding are: teachers should be encouraged to 

utilize creative instructional practices with students that may have intellectual or physical 

limitations and with students that have a natural affinity for science. Teachers who have 

implemented authentic science practices to varying skill levels of students, have a belief that all 

students can carry out student research experiences, and should be encouraged to provide 
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resources to allow all students the opportunity to participate in student research experiences that 

are appropriate for the student grade level, affinity for science, and intellectual or physical 

limitations. Related prior research included the work of Giuliano, Skorino, and Fallon (2019), 

who assembled a large collection of articles that represented and summarized structuring the 

curriculum to promote undergraduate research and publications, optimizing research experiences 

for undergraduates, training students in implementing advanced techniques, accessing special 

populations, or conducting research in off-campus settings, addressing institutional and career 

challenges for faculty, and increasing inclusion and diversity. The review of the literature 

provides a rich resource for educators and instructional leaders in the design and development of 

creative, inclusive science instructional practices.  

 The final finding of the qualitative portion of the study was that teachers promote student 

engagement in authentic science practices that resemble the practices of professional scientists 

and the principles of NGSS SEPs by striving to provide students with opportunities to engage in 

the scientific process and act as guides to knowledge and skill acquisition, whereas a subset of 

teachers may lack full understanding of the difference between authentic student research and 

library-based research. Implications for educators and instructional leaders related to the finding 

are that authentic student research experiences can come in many shapes and forms; teachers 

should be encouraged to differentiate instruction to meet the needs of the students while still 

encouraging the authentic practices of scientific research. Additional implications that would be 

of value are: some teachers may need professional development opportunities to expand upon 

their understanding of the differences between authentic student research and library-based 

research; encouragement of professional development opportunities that clarify the difference 

between authentic student research and library-based research; professional development 
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opportunities to explore science instructional practices and design of authentic student research 

experiences for the classroom. Related prior research related to the implications included the 

work of Moreno et al (2020) analysis of teachers’ classroom practices related to activity theory 

and identify framework which revealed that teachers strongly emphasize designed inquiry labs, 

modeling a researcher mindset, and real-world contextualization of classroom practices based on 

research experiences.  

In summary, the implications for educators and instructional leaders that have been 

described in this section, are based on the review of literature and quantitative and qualitative 

findings of the current study. These implications are limited to those that address personal 

epistemology regarding both science and science teaching and self-efficacy of secondary science 

educators to teach STEM in an integrated framework.  

Implications for Future Research 

The implications for future research in relation to the findings of the current study are 

based on the review of literature and quantitative and qualitative findings. The researcher 

gathered data for this study by using a combination of the following tools: (a) distribution of an 

online survey, and (b) six semi-structured interviews. The researcher recommends that future 

studies on this topic would be beneficial for the field of education as teachers continue to 

implement the NGSS SEPs in classrooms.  

Research Question 1 

 The quantitative findings from the first research question suggest the importance of 

conducting further research related to the topic. The first suggestion for further research was, 

based on the current study results that showed a correlation between the total score of the SETIS, 

prompting the compression of the subscales into SETIS total, to use a different instrument to 
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assess a secondary science teachers’ self-efficacy to teach science in relation to their science 

instructional practices associated with NGSS. Due to the correlation between the subscales of 

social, personal, and material, and the need to compress the subscales into SETIS total, the 

researcher was unable to individually assess the subscales of social, personal, and material 

influence on science instructional practices. Therefore, it is suggested to use a different 

instrument to individually assess the subscales of social, personal, and material and evaluate its 

relationship to science instructional practices with NGSS. As the findings indicated a significant 

relationship between SIPS critique, a second suggestion for research was to conduct a study to 

further understand the influence of teacher’s self-efficacy on science instructional practices that 

are associated with NGSS SEPs. As critique, explanation, and argumentation was the only 

science instructional practice associated with the NGSS SEPs to be significantly correlated with 

self-efficacy to teach science in an Integrated STEM framework, further research could be 

conducted to evaluate how and why secondary science teachers view the practice of critique, 

explanation, and argumentation different than instigating an investigation, data collection and 

analysis, and modeling. Additional research could be conducted to evaluate how secondary 

science teachers view the difficulty of using science instructional practices that relate to NGSS 

SEPs versus science instructional practices that relate to traditional curriculum. As there was low 

to no correlation between the STBAS and other subscales, it is recommended to explore other 

instruments to measure of science teachers’ personal epistemology. Finally, as secondary science 

teachers’ beliefs about science and science teaching were shown to not influence science 

instructional practices, further research could be conducted to review other factors related to the 

teacher that may influence the chosen science instructional practices. Further details of 



 

 116 

implications for educators and instructional leaders and future research for quantitative findings 

are provided in Table 38. 

Research Question 2 

 The qualitative findings from the second research question suggest the importance of 

conducting further research related to the topic. Following the implementation of NGSS SEPs 

and authentic science instructional practices in the classroom, further research could be 

conducted to develop an understanding of the success of student immersion in a learner centric 

classroom environment that emulates the work environment of professional scientists on the 

students’ post-secondary science skills set and success at the post-secondary level. Suggestions 

for further research included designing professional development opportunities that immerse the 

teacher in the actual practices and/or work life of professional scientists and evaluate 

effectiveness in how teachers can model their classrooms after the climate fostered by 

professional scientists and to design professional development opportunities that allow teachers 

to explore their conceptualization of how scientific knowledge is constructed and evaluate 

effectiveness of aligning the teachers conceptualization with the practices of professional 

scientists. Further research could be conducted to evaluate which science instructional practices 

are better suited for guiding students with varying levels of proficiency in science and science 

class subjects (e.g., biology, chemistry, physics). In addition, further research could be conducted 

to evaluate the influence of barriers on a teacher’s hesitancy for guiding student research 

experiences for students with varying levels of proficiency in science. Prior research has focused 

on assessing best practices for guiding student research experiences at the undergraduate levels, 

further research could be conducted focusing on how teachers can best guide student research 

experiences at the high school level and to identify the parallels between best practices for 
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guiding high school and undergraduate student research. Finally, further research could be 

conducted to evaluate the percentage of secondary science teachers that may lack full 

understanding of the difference between authentic student research and library-based research. 

To expand upon the further research, an evaluation between how a secondary science teacher 

defines authentic student research and library-based research to the teacher’s level of self-

efficacy to teach science in an integrated STEM framework could be conducted. Further details 

of implications for educators and instructional leaders and future research for qualitative findings 

are provided in Table 39.
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Table 38 

Implications for Educators and Instructional Leaders and Future Research for Quantitative Findings 

Findings Literature 
Implications for Educators 
and Instructional Leaders Future Research 

Model for SIPS 
instigating was not 
significant, using 
the Bonferroni 
adjustment. 
 
Model for SIPS 
data was not 
significant, using 
the Bonferroni 
adjustment. 
 
Model for SIPS 
critique was 
significant with 
SETIS total.  
 
Model for SIPS 
modeling was not 
significant. 
 
 

Akella (2016) found that 
focused and targeted 
professional development 
helped improve participants’ 
self-efficacy in incorporating 
the NGSS SEPs and addressed 
barriers to teacher self-
efficacy. 
 
Mobley (2015) determined that 
the Self-Efficacy to Teach 
Science in an Integrated STEM 
framework is a useful 
instrument in guiding pre-
service and professional 
development for integrated 
STEM science teaching. 
 
Payne’s (2007) research 
showed minimal changes to 
epistemology after 
involvement in teacher 
research experiences. 

As the findings indicated a 
significant relationship 
between SIPS critique, 
teachers’ self-confidence to 
teach science in an 
Integrated STEM framework 
does have a limited 
influence on science 
instructional practices 
related to the NGSS SEPs. 

As the current study results showed a 
correlation between the subscales of the 
SETIS prompting the compression of the 
subscales into SETIS total, further research 
could be conducted with a different instrument 
to assess a secondary science teachers’ self-
efficacy to teach science in relation to their 
science instructional practices associated with 
NGSS SEPs. 
 
As a subscale of the SIPS relating to the 
practices of NGSS was shown to be 
influenced by the teacher’s self-efficacy, it 
prompts further research to understand the 
influence of a teacher’s self-efficacy on 
science instructional practices. 
 
As there was low to no correlation between 
the STBAS and other subscales, it is 
recommended to explore other instruments to 
measure of science teachers’ personal 
epistemology. 

 
Teachers should be 
encouraged to develop self-
confidence to teach science 
in an Integrated STEM 
framework as it influences 
their decisions as to the 
inclusion and success of 
science instructional 
practices related to the 
NGSS SEPs. 
 

   (continued) 
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Table 38 

Implications for Educators and Instructional Leaders and Future Research for Quantitative Findings 

Findings Literature 
Implications for Educators 
and Instructional Leaders Future Research 

Model for SIPS 
traditional was not 
significant. 
 
Model for SIPS 
prior was not 
significant. 
 
Significance was 
not demonstrated 
between SIPS 
subscales and 
STBAS subscales.  
 

Green (2017) determined that 
epistemological perspectives 
pervade the discourse of 
science, the text of curricular 
resources, and the language 
teachers use to talk about 
implementation of pedagogical 
models. 
 

Teachers' self-confidence to 
teach science in an 
Integrated STEM framework 
does not have an influence 
on science instructional 
practices related to 
modeling.  
 
Teachers' self-confidence to 
teach science in an 
Integrated STEM framework 
does not have an influence 
on science instructional 
practices related to 
traditional forms of science 
education. 
 
Teachers' beliefs about 
science and science teaching 
appears to not have an 
influence on science 
instructional practices. 
 
 

Critique, explanation, and argumentation was 
the only science instructional practice 
associated with the NGSS SEPs to be 
significantly correlated with self-efficacy to 
teach science in an Integrated STEM 
framework. Further research could be 
conducted to evaluate how and why secondary 
science teachers view the practice of critique, 
explanation, and argumentation different than 
instigating an investigation, data collection, 
and analysis and modeling. 
 
Further research could be conducted to 
evaluate how secondary science teachers view 
the difficulty of using science instructional 
practices that relate to NGSS SEPs vs science 
instructional practices that align to traditional 
curriculum. 
 
As a secondary science teachers’ belief about 
science and science teaching were shown to 
not influence science instructional practices, 
further research could be conducted to review 
other factors related to the teacher that may 
influence the chosen science instructional 
practices. 
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Table 39 

Implications for Educators and Instructional Leaders and Future Research for Qualitative Findings Statements 

Findings Literature 
Implications for Educators and 

Instructional Leaders Future Research 
Finding 1. Teachers 
conceptualized science 
instruction as a learner 
centric classroom 
environment that 
encourages students to 
engage in the ever-
changing process of 
science by including 
topics relevant to 
student interest as a way 
of practicing mandated 
post-secondary science 
skills while recognizing 
student apprehension in 
exploring the nature of 
science. 

Govett (2002) showed gains 
for all participants in being 
more comfortable conducting 
research after a residential 
science research experience 
that featured a scientific 
research experience designed 
to improve the participants 
ability to model their 
classroom teaching after 
scientific research. 
 
Krim et al (2019) offered the 
Collaborative Around 
Research Experiences for 
Teachers (CARET) model as a 
conceptual framework that can 
inform program development 
related to teacher STEM 
research experiences. 

Professional development 
opportunities should be offered that 
allow teachers to be immersed in 
authentic science practices to 
provide opportunity for teachers to 
practice new science instructional 
practices that are related to 
constructivism and promote a 
learner centric classroom 
environment, which is aligned with 
the NGSS SEPs. 
 
Teachers should encourage and 
provide opportunity for students to 
have choice, open exploration, and 
relevance to their interest, when 
feasible within the restrictions of the 
prescribed curriculum and school 
environment. 

Following the implementation of 
NGSS SEPs and authentic science 
instructional practices in the 
classroom, further research could 
be conducted to develop an 
understanding of the success of 
student immersion in a learner 
centric classroom environment 
that emulates the work 
environment of professional 
scientists on the student’s post-
secondary science skill set and 
success at the post-secondary 
level. 
 
Design professional development 
opportunities that immerse the 
teacher in the actual practices 
and/or work life of professional 
scientists and evaluate 
effectiveness in how teachers can 
model their science classrooms 
after the climate fostered by 
professional scientists. 

(continued) 
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Table 39 

Implications for Educators and Instructional Leaders and Future Research for Qualitative Findings Statements 

Findings Literature Implications for Educators and 
Instructional Leaders 

Future Research 

Finding 2. Teachers’ 
prior educational and 
professional experiences 
expand their skill set 
and influence beliefs 
related to student 
ability, value of student 
research, and 
understanding of 
authentic science 
experiences despite the 
challenges of limited 
funding, time, and 
mandated curriculum. 

Krim et al (2019) reported that 
teacher research experiences 
provided a view into 
instructional impacts and 
called for more studies to 
understand the correlation 
between teacher research 
experience program features 
with instructional outcomes. 
 
Payne (2007) identified 
valuable components of 
teacher research experiences 
such as advanced resources 
and first-hand experience in 
scientific research that related 
to a feeling of rejuvenation in 
teaching and a new 
perspective on science and 
scientific research. 

There is value in expanding upon 
teachers' skill set by attending 
professional development 
opportunities that are immersive in 
authentic science practices and 
involve shadowing and/or spending 
time working alongside professional 
scientists. 
 
It is beneficial to have prior 
experience, whether work 
experience related or as part of a 
teacher preparation program, that 
mirrors how science is practiced by 
professional scientists. 
 
Teachers should be given freedom 
and autonomy in the classroom to 
implement authentic science 
instructional practices fosters student 
exploration into the nature of science 
and encourages teachers and 
students to take educational risks. 

Design professional development 
opportunities that allow teachers 
to explore their conceptualization 
of how scientific knowledge is 
constructed and evaluate 
effectiveness of aligning the 
teacher’s conceptualization with 
the practices of professional 
scientists. 
 
Further research could be 
conducted to evaluate which 
science instructional practices are 
better suited for guiding students 
with varying levels of proficiency 
in science and science class 
subjects (e.g., biology, chemistry, 
physics).  

(continued) 
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Table 39 

Implications for Educators and Instructional Leaders and Future Research for Qualitative Findings Statements 

Findings Literature Implications for Educators and 
Instructional Leaders 

Future Research 

Finding 3. Teachers 
conceptualize scientific 
knowledge as being 
identified, constructed, 
diversified with varying 
levels of certainty; and 
conceptualize scientific 
research as a 
collaborative endeavor 
that uses various data 
collection techniques 
and quantifying 
information that is 
shared with the 
scientific community to 
improve the greater 
understanding of natural 
phenomena. 

Heim & Holt (2019) 
determined that graduate 
teaching assistants perceived 
benefits from instructional 
experiences in introductory 
biology course-based 
undergraduate research 
experiences such as gaining 
experience in research 
mentoring and post-secondary 
teaching but described 
challenges including time 
required to instruct research 
experiences, motivating 
students to take ownership and 
a lack of expertise in 
mentoring undergraduates 
through the scientific research 
process. 

There is value in developing a 
teacher’s conceptualization of how 
scientific knowledge is constructed. 
 
Teachers should be encouraged to 
explain their conceptualization of 
how scientific knowledge is 
constructed with students and 
considered when developing lesson 
plans, laboratory, and student 
research experiences. 
 
Teachers should be encouraged to 
utilize creative instructional practices 
with students that may have 
intellectual or physical limitations 
and with students that have a natural 
affinity for science. 

Further research could be 
conducted to evaluate the 
influence of barriers regarding a 
teacher’s hesitancy for guiding 
student research experiences for 
students with varying levels of 
proficiency in science. 

(continued) 
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Table 39 

Implications for Educators and Instructional Leaders and Future Research for Qualitative Findings Statements 

Findings Literature Implications for Educators and 
Instructional Leaders 

Future Research 

Finding 4. A paradigm 
shift is occurring in 
science education as 
teachers use creative, 
inclusive instructional 
strategies by 
implementing 
differentiated instruction 
focusing on writing 
skills, to ensure that all 
students achieve higher 
order thinking skills at a 
high level of rigor. 

Giuliano, Skorino, and Fallon 
(2019) assembled a large 
collection of articles that 
represented and summarized 
structuring the curriculum to 
promote undergraduate 
research and publications, 
optimizing research 
experiences for 
undergraduates, training 
students in implementing 
advanced techniques, accessing 
special populations, or 
conducting research in off-
campus settings, addressing 
institutional and career 
challenges for faculty, and 
increasing inclusion and 
diversity. 

Teachers who have implemented 
authentic science practices to varying 
skill levels of students, have a belief 
that all students can carry out student 
research experiences. 
 
Teachers should be encouraged and 
provide resources to allow all 
students the opportunity to participate 
in student research experiences that 
are appropriate for the students’ 
grade level, affinity for science and 
intellectual or physical limitations.  
 
Authentic student research 
experiences can come in many 
shapes and forms, teachers should be 
encouraged to differentiate 
instruction to meet the needs of the 
students, while still encouraging the 
authentic practices of scientific 
research. 

Future research could be 
conducted focusing on guiding 
high school student research 
experiences as prior research 
has focused on guiding 
undergraduate student research, 
in addition to identify the 
parallels between high school 
and undergraduate student 
research. 

(continued) 
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Table 39 

Implications for Educators and Instructional Leaders and Future Research for Qualitative Findings Statements 

Findings Literature Implications for Educators and 
Instructional Leaders 

Future Research 

Finding 5. Teachers 
promote student 
engagement in 
authentic science 
practices that resemble 
the practices of 
professional scientists 
and the principles of 
NGSS SEPs by striving 
to provide students with 
opportunities to engage 
in the scientific process 
and act as guides to 
knowledge and skill 
acquisition, whereas a 
subset of teachers may 
lack full understanding 
of the difference 
between authentic 
student research and 
library-based research. 

Moreno et al (2020) analysis 
of teachers' classroom 
practices related to activity 
theory and identity framework 
revealed that teachers strongly 
emphasize designing inquiry 
labs, modeling a researcher 
mindset, and real-world 
contextualization of 
classroom practices based on 
research experiences 

Some teachers may need 
professional development 
opportunities to expand upon their 
understanding of the differences 
between authentic student research 
and library-based research. 
 
Professional development 
opportunities that clarify the 
difference between authentic 
student research and library-based 
research and related science 
instructional practices and exploring 
possible ways to design authentic 
student research experiences for the 
classroom would be of value for 
teachers. 

Further research could be 
conducted to evaluate the 
percentage of secondary science 
teachers that may lack full 
understanding of the difference 
between authentic student 
research and library-based 
research. 
 
Future research could be 
conducted to evaluate how a 
secondary science teacher defines 
authentic student research and 
library-based research to the 
teacher’s level of self-efficacy to 
teach science in an integrated 
STEM framework could be 
conducted. 
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Limitations of the Study 

 The researcher acknowledges that there were threats and limitations to this study. The 

following section outlines the ways in which the researcher strived to control these variables and 

their impacts. The researcher attempted to limit the internal and external threats to validity that 

may have impacted the results of the current study.  

Internal Validity 

 Gall, Gall, and Borg (2003) explained internal validity as the extent to which extraneous 

variables have been controlled by the researcher for the findings of the study to be attributed to 

the treatment. Educational research needs to be carefully designed and executed as it influences 

policy and practice (Gall, Gall, & Borg, 2003).  

 Differential Selection. Differential selection was a threat as the primary sampling 

procedure focused on gathering permission from local superintendents. Some superintendents 

did not provide permission to distribute the survey to science teachers. To address the threat of 

differential selection, information on maintaining confidentiality and potential benefits of the 

research was included to encourage participation. Additionally, the sampling procedure included 

distribution of the survey to online forums and direct distribution lists. Distribution of the survey 

directly to science teachers increased the access to the population and helped to address the 

threat of differential selection. However, the use of volunteers may have left out individuals with 

characteristics that should have been included in the study. 

 History. History was a threat as the data collection period occurred during a school year 

impacted by the COVID-19 pandemic. Data collection began November 2020 and concluded in 

April 2021. The COVID-19 pandemic was an unrelated event that may have influenced the 

participant responses to the survey instruments and interview protocol. Participants were not 
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instructed about a specific period of time to consider their science instructional practices in the 

classroom when responding to the instruments. To address the threat of history, the researcher 

endeavored to have all quantitative and qualitative participants to be currently employed at a 

public school district in New York State and therefore, having experienced teaching during the 

COVID-19 pandemic. However, it should be recognized that teachers had differing experiences 

during the COVID-19 pandemic. 

 Instrumentation. The quantitative instruments of Science Teacher’s Beliefs About 

Science (STBAS; Payne, 2007), Self-Efficacy to Teach Science in Integrated STEM framework 

(SETIS; Mobley, 2015), and Science Instructional Practices Survey (SIPS; Hayes et al., 2016) 

demonstrated acceptable validity and reliability. Further information regarding the validity and 

reliability scores of the STBAS, SETIS, and SIPS is provided in the instrumentation section of 

Chapter Three. In addition, the semi-structured interview protocol was assessed for validity and 

reliability. Further information regarding the development process of the semi-structured 

interview protocol was provided in the instrumentation section of Chapter Three. 

External Validity 

 Gall, Gall, and Borg (2003) explained external validity as the extent to which findings of 

a study can be applied to individuals and settings beyond the described study, therefore, results 

from a study may be externally valid for one setting and less externally valid for a different 

setting.  

 Population Validity. The study was determined to have low population validity as the 

sample does not represent the whole population of secondary science teachers in United States. 

The sample focused on only secondary science teachers who currently are employed at public 

school, in New York State. In addition, the sample consisted of mostly female, age 41-50, and 
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holding a master’s degree as highest teacher education degree. To address the threat of 

population validity, the researcher strived to recruit participants that were representative of the 

national population of secondary science teachers. However, the results of the study can only 

reasonably be generalized to populations that share the demographic characteristics of the 

sample. 

Trustworthiness 

 The considerations and steps to address trustworthiness of the current study include 

considerations of credibility, transferability, dependability, and confirmability. Credibility was 

the confidence in the accuracy of the findings (Krefting, 1991). This threat was addressed with 

the use of both quantitative and qualitative data to address the research questions. Transferability 

was to what extent can the result of the study be applied to further work (Krefting, 1991). This 

threat was addressed through the sufficient descriptive data of the sample and results provided to 

allow for comparison to further studies. Dependability was whether the findings would be 

consistent if the study was repeated in the same or similar context (Krefting, 1991). This threat 

was mitigated through the dense description of the research methods being provided to allow for 

replications by further studies. Finally, confirmability was defined as objectivity and unbiased 

data collection and analysis (Krefting, 1991). The threat was mitigated with an internal audit of 

coding and analysis conducted by the dissertation chairperson. 

Summary 

The purpose of this study was to examine the relationship between science teachers’ 

personal epistemology regarding science and science teaching and self-efficacy to teach science 

in an Integrated STEM framework impact science instructional practices rooted in the Next 

Generation Science Standards Science and Engineering Practices. The study also explored how 
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teachers conceptualize science instructional practices in the classroom regarding student research 

experiences in relation to underlying science teachers’ personal epistemology regarding both 

science and science teaching. 

The quantitative and qualitative findings contribute to the larger understanding of the 

interactions between constructivism, epistemology, teacher epistemology, and self-efficacy to 

teach science in an Integrated STEM framework and its impact on secondary science teachers 

chosen science instructional practices rooted in the NGSS SEPs and conceptualization of science 

instructional practices in the classroom regarding student research experiences.  

Quantitative results showed the SIPS instigating was shown to not contribute 

significantly based on the adjusted Bonferroni alpha. SIPS instigating consisted of the NGSS 

SEPs of questioning and planning and carrying out an investigation and the following items on 

the SIPS: (a) generate questions or predications to explore, (b) identify questions from 

observations of phenomena, (c) choose variables to investigate (such as in a lab setting), and (d) 

design or implement their own investigations. The quantitative finding is consistent with 

qualitative finding one, teachers conceptualized science instruction as a learner centric classroom 

environment that encourages students to engage in the ever-changing process of science by 

including topics relevant to student interest as a way of practicing mandated post-secondary 

science skills while recognizing student apprehension in exploring the nature of science, and 

finding four, a paradigm shift in science education is occurring as the curriculum transitions to 

the NGSS SEPs. Teachers use creative instructional practices to ensure that all students, 

including students that may have intellectual or physical limitations, become proficient in 

science by emphasizing lesson plans through differentiated instruction that engage students in 

scientific investigation that gives students the opportunity to practice writing skills, higher order 
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thinking skills at a high level of rigor while still recognizing the value of non-traditional skills. 

Both the quantitative and qualitative findings indicate that teachers are engaging students in the 

process of science, teachers are using creative strategies like questioning and differentiated 

instruction, and teachers are providing students opportunities to practice higher order thinking 

skills such as questioning, making predictions, choosing variables to investigate, designing, and 

implementing their own investigations. 

Another quantitative finding indicated that SIPS data was shown to not contribute 

significantly based on the adjusted Bonferroni alpha. SIPS data consisted of the NGSS SEPs of 

planning and carrying out an investigation, analyzing and interpreting data, and using 

mathematical and computational thinking and the following items on the SIPS: (a) make and 

record observations, (b) gather quantitative or qualitative data, (c) organize data into charts or 

graphs, (d) analyze relationships using charts or graphs, and (e) analyze results using basic 

calculations. The quantitative finding is consistent with qualitative finding five, teachers promote 

student engagement in authentic science practices that resemble the practices of professional 

scientists and the principles of NGSS SEPs by striving to provide students with opportunities to 

engage in the scientific process and act as guides to knowledge and skill acquisition whereas a 

subset of teachers may lack full understanding of the difference between authentic student 

research and library-based research. Both the quantitative and qualitative findings indicate that 

teachers encourage student engagement in authentic practices such as making observations, 

gathering quantitative and qualitative data, organizing data, analyzing relationships and results. 

An additional quantitative finding indicated that significance was confirmed for SIPS 

critique at SETIS total. SIPS critique consisted of the NGSS SEPs of constructing explanations 

and engaging in argument from evidence and the following items on the SIPS: (a) explain the 
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reasoning behind an idea, (b) respectfully critique each other’s reasoning, (c) supply evidence to 

support a claim or explanation, (d) consider alternative explanations, and (e) make an argument 

that supports or refutes a claim. The quantitative finding was consistent with qualitative finding 

three, teachers conceptualize scientific knowledge as being identified, constructed, diversified 

with varying levels of certainty; and conceptualize scientific research as a collaborative endeavor 

that uses various data collection techniques and quantifying information that is shared with the 

scientific community to improve the greater understanding of natural phenomena. Both the 

quantitative and qualitative findings indicate that teachers conceptualize scientific research as a 

process that uses various data collection techniques (e.g., quantifying), collaboration, and 

communication of their findings. The teachers also conceptualize that professional scientists 

share information and findings with the community through the process of journal article 

publication, which includes explaining reasoning behind ideas, critiquing others and supplying 

evidence to support a claim, and the peer review process.  
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Appendices 

Appendix A: Demographic Survey 
 
1. Gender: male, female (Wilde, 2018) 

2. Age (years): 20-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-55, 56-60, 61 or over (Wilde, 2018) 

3. Teacher Education: What is the highest teacher education degree or level of school you have 
completed? If currently enrolled, highest degree received.: Bachelor’s degree, Master’s degree, 
Doctorate degree, Other please specify (Adapted from Wilde, 2018) 

4. Teacher Experience (years): 0-5, 6-10, 11-15, 16-20, 21-25, 26-30, more than 30 years 
(Adapted from Wilde, 2018) 

5. Science Related Education: What is the highest science degree or level of school have you 
competed that is related to science? If currently enrolled, highest degree received: Bachelor’s 
degree, Master’s degree, Doctorate degree, Other please specify (Adapted from Wilde, 2018) 

6. Science Related Experience (years): 0-5, 6-10, 11-15, 16-20, 21-25, 26-30, more than 30 years 
(Adapted from Wilde, 2018) 

7. Have you participated in science related professional experiences? No, Yes, if so please 
choose all that apply: Research Lab/Facility, Internship/Fellowship, Professional Development 
Course(s), Teacher Research Experience(s), Other 

8. Have you been involved with or taught a science research program? Yes, No, Other 

9. Science Research Teacher Experience (Years): 0-5, 6-10, 11-15, 16-20, 21-25, 26-30, more 
than 30 years (Adapted from Wilde, 2018) 

10. Have you guided students through student research experiences? Yes, No, Other 

11. Would you be interested in participating in a follow-up interview? If so, please provide your 
contact information.  
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Appendix B: Letter and Consent Form (Superintendent) 

Nicole J. Griffin 
Doctoral Candidate  
Department of Education and Educational Psychology 
Western Connecticut State University 
181 White Street, Danbury, CT 06810 
 
Date 
 
Full Name of Superintendent of Schools  
Superintendent of Schools 
Full Name of School District 
Address of School District 
 
Subject: Request for Permission to Participate in Doctoral Research Study 
 
Dear Full Name of Superintendent of Schools,  
 
My name is Nicole Griffin and I am a doctoral candidate at Western Connecticut State 
University. I am seeking district permission to distribute a survey to secondary science teachers 
in your school district.  
 
This study is designed to examine the relationship between science teachers’ epistemology and 
self-efficacy on science instructional practices and conceptualization of student research 
experiences rooted in the Next Generation Science Standards. This study focuses on secondary 
science teachers. They will be asked to complete a questionnaire, and some will be invited to 
participate in interviews. This questionnaire will assess the science teacher’s beliefs about 
science, self-efficacy to teach integrated science and science instructional practices. This 
research study has been reviewed and approved by Western Connecticut State University’s 
Institutional Review Board. It is the hope of this study to further understanding of interactions 
between characteristics of teachers and instructional practices. In addition to awareness of the 
importance in understanding teacher epistemology and self-efficacy relation to science 
instructional practices.  
 
Participation in this study is completely voluntary. The collected data will be coded to ensure 
that all responses will be held strictly confidential.  
 
If you have any questions, please feel free to contact me via email at griffin110@wcsu.edu. If 
you agree that this study can be conducted in your school district, please respond to confirm you 
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agree the study described above can be conducted at your school district. Thank you for your 
time and consideration.  
 
Sincerely, 
Nicole Griffin  
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Appendix C: Letter and Consent Form (Principal) 

 
Date 
 
Full Name of Principal  
Principal 
Full Name of School  
Address of School  
 
Subject: Request for Permission to Participate in Doctoral Research Study 
 
Dear Full Name of Principal,  
 
My name is Nicole Griffin and I am a doctoral candidate at Western Connecticut State 
University. I am seeking district permission to distribute a survey to secondary science teachers 
in your school.  
 
This study is designed to examine the relationship between science teachers’ epistemology and 
self-efficacy on science instructional practices and conceptualization of student research 
experiences rooted in the Next Generation Science Standards. This study focuses on secondary 
science teachers. They will be asked to complete a questionnaire, and some will be invited to 
participate in interviews. This questionnaire will assess the science teacher’s beliefs about 
science, self-efficacy to teach integrated science and science instructional practices. This 
research study has been reviewed and approved by Western Connecticut State University’s 
Institutional Review Board. It is the hope of this study to further understanding of interactions 
between characteristics of teachers and instructional practices. In addition to awareness of the 
importance in understanding teacher epistemology and self-efficacy relation to science 
instructional practices.  
 
Participation in this study is completely voluntary. The collected data will be coded to ensure 
that all responses will be held strictly confidential.  
 
If you have any questions, please feel free to contact me via email at griffin110@wcsu.edu. If 
you agree that this study can be conducted in your school, please respond to confirm you agree 
the study described above can be conducted at your school. Thank you for your time and 
consideration.  
 
Sincerely,       
Nicole Griffin  
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Appendix D: Letter and Consent Form (Teacher) 
 
Nicole J. Griffin 
Doctoral Candidate  
Department of Education and Educational Psychology 
Western Connecticut State University 
181 White Street, Danbury, CT 06810 
 
Date 
 
Subject: Request to Participate in Doctoral Research Study 
 
Dear Science Teacher,  
 
My name is Nicole Griffin and I am a doctoral candidate at Western Connecticut State 
University. I am seeking district permission to distribute a survey to secondary science teachers 
in your school district.  
 
This study is designed to examine the relationship between science teachers’ epistemology and 
self-efficacy on science instructional practices and conceptualization of student research 
experiences rooted in the Next Generation Science Standards. This study focuses on secondary 
science teachers. They will be asked to complete a questionnaire, and some will be invited to 
participate in interviews. This questionnaire will assess the science teacher’s beliefs about 
science, self-efficacy to teach integrated science and science instructional practices. This 
research study has been reviewed and approved by Western Connecticut State University’s 
Institutional Review Board. It is the hope of this study to further understanding of interactions 
between characteristics of teachers and instructional practices. In addition to awareness of the 
importance in understanding teacher epistemology and self-efficacy relation to science 
instructional practices.  
 
Participation in this study is completely voluntary. The collected data will be coded to ensure 
that all responses will be held strictly confidential.  
 
If you have any questions, please feel free to contact me via email at griffin110@wcsu.edu. If 
you agree to participate in the study, please choose “agree” and complete the questionnaire. 
Thank you for your time and consideration.  
 
Sincerely, 
Nicole Griffin, 
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Appendix E: Semi-Structured Interview Questions 

 

Tell me a little about yourself. 

Describe, in your own words, authentic science.  

Describe, in your own words, a student research experience.  

How often are student research experiences incorporated into your classroom? Describe a student 
research experience that you have incorporated into your classroom.  

Describe science instructional practices utilized while incorporating student research experiences 
into your classroom.  

Describe how you feel about student research experiences being incorporated into the classroom.  

Why do student research experiences seem valuable, in your opinion? (Adapted from Payne, 
2007). 

Describe, in your own words, your role as the teacher in relation to student research experiences.  

Is your role as a science research teacher different from your role as a non-science research 
teacher? If so, please explain how the roles compare. (Adapted from Heim and Holt, 2019).  

Do your science instructional practices related to a student research experience differ from your 
science instructional practices related to non-student research experiences? If so, please explain 
how the instructional practices compare. (Adapted from Heim and Holt, 2019). 

Would you recommend incorporating student research experiences into the classroom for other 
teachers? Why or why not? If so, what science instructional practices would you recommend to 
the other teachers? (Adapted from Payne, 2007). 

Has participation in student research experiences changed how you view science education? 
(Adapted from Payne, 2007).  
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Appendix F: Permission from Dr. Diana Payne 
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Appendix G: Permission from Dr. Monica Mobley 
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Appendix H: Permission from Dr. Kathryn Hayes 
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Appendix I: Audit Trail of Findings Statement 1 

Findings 
Statement 

Teachers conceptualized science instruction as a learner centric classroom environment that encourages students to 
engage in the ever-changing process of science by including topics relevant to student interest as a way of practicing 
mandated post-secondary science skills while recognizing student apprehension in exploring the nature of science. 

Theme Teachers prioritized creating a student centric classroom environment and management techniques that encouraged 
students to engage in the process of science while still recognizing and compensating for a students' apprehension in 
exploring the fluid nature of science. 

Theme Teachers conceptualized science instruction as the inclusion of topics that are relevant to student interest outside of the 
classroom as a way of practicing skills that a student will need in their post-secondary science classes. 

Subtheme Teachers prioritized creating a student 
centric classroom environment and lesson 
structure that encourages students to engage 
in the process of science and explore their 
passions. 

Teachers prioritized utilizing classroom 
management techniques that allow 
students the freedom to explore the 
scientific process while still recognizing 
and compensating for a student's fear or 
apprehension in exploring the scientific 
process. 

Teachers utilized topics that 
are relevant to a student's 
life and/or interest outside 
of the classroom as a way 
of practicing skills that a 
student will need in their 
post-secondary science 
classes and/or career. 

Category 
Code 

Priorities of the teacher. Teachers prioritized designing classroom 
management techniques that allow 
students freedom to explore the process 
of science. 

Teachers incorporated 
topics into the curriculum 
that are relevant to a 
student's life and/or interest 
outside of the science 
classroom. 

Category 
Code 

Student engagement in the process of 
science. 

Students may feel overwhelmed or 
frustrated by carrying out the process of 
science and fear a lack of success in 
carrying out the process of science may 
negatively impact their academic success. 

Teacher considers what 
skills a student will need in 
their post-secondary 
science classes and career. 
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Instance Teacher prioritizes providing students the 
opportunity to choose what they would like 
to do and study, instead of the teacher 
predetermine what the student will do and 
study. 

Students are given space in the classroom 
to make mistakes without penalty. 

The work is framed to 
reflect or be related to the 
student's personal life or 
interest. 

Instance Students are given control and getting to 
decide what they want to learn about. 

Student becomes overwhelmed or 
frustrated by scientific process or lesson 
design. 

Success of students after 
graduation. 

Instance Teacher prioritizes providing student the 
freedom to explore a phenomenon and 
deciding the direction of the work/research. 

Student being afraid or having anxiety 
about receiving a poor grade on an 
assignment. 

 

Instance Teacher believes it is important to encourage 
student engagement in the process of 
science. 

  

Instance Student has ownership of what to do and 
study, as opposed to the teacher. 

  

Instance Teacher values gaining student buy in to a 
lesson. 

  

Instance Students feeling like they have control over 
their education. 
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Appendix J: Audit Trail of Findings Statement 2 

Findings 
Statement 

Teachers’ prior educational and professional experiences expand their skill set and influence beliefs related to student 
ability, value of student research, and understanding of authentic science experiences despite the challenges of limited 
funding, time, and mandated curriculum. 

Theme Teachers' prior educational and professional experiences expand upon their skill set and may influence beliefs related to 
student science ability, value of student research experiences, and understanding of authentic science practices and 
potential hesitancy in their ability to successfully facilitate a student research experience. 

Theme Teachers may encounter challenges such as time limits, funding, class size, required state exams, rigidity of written 
curriculum and priorities of the administration that oppose the teachers’ curriculum design and educational priorities to 
act as a guide to help students through the applied process of science. 

Subtheme Teacher encounters challenges 
such as time limits, funding, class 
size, and required state exams and 
rigidity of written curriculum to 
carrying out a student research 
experience in the classroom while 
being evaluated by administration, 
who has their own priorities for 
instruction and influence over 
freedom of the teacher to design 
curriculum and the classroom 
experience. 

Teachers' belief in a student's 
science ability, value of 
student research experiences, 
and understanding of 
authentic science and the 
nature of knowledge 
encourages a teacher to 
design a grading system that 
gives students freedom to 
express their knowledge and 
educational experiences that 
help a student become a 
productive member of 
society. 

Teachers' 
attitude toward 
knowledge and 
hesitancy in 
their ability to 
successfully 
facilitate or 
guide a student 
research 
experience.  

A teacher can 
choose to 
pursue 
educational and 
professional 
experiences to 
expand upon 
their 
knowledge and 
skill sets that 
may influence 
their beliefs. 

Given the 
curriculum 
design and 
educational 
priorities of the 
teacher, the 
teacher choses 
to act as a guide 
to help students 
without 
providing 
answers or 
specific 
guidance as 
opposed to 
teacher 
choosing to 
have control 
over what 
students are 
doing in the 
classroom. 
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Category 
Code 

Teacher encounters challenges 
such as time limits, funding, class 
size, and required state exams and 
rigidity of written curriculum to 
carrying out a student research 
experience in the classroom while 
being evaluated by administration, 
who has their own priorities for 
instruction and influence over 
freedom of the teacher to design 
curriculum and the classroom 
experience. 

Teacher's beliefs about the 
nature of knowledge and 
teaching. 

Teacher's 
and/or student's 
attitude toward 
knowledge. 

Teachers 
choose to 
pursue 
educational and 
professional 
experiences to 
expand 
knowledge and 
improve skill 
set. 

Facilitator. 

Category 
Code 

A teacher is evaluated on their 
teaching ability by their 
administration, who has their own 
priorities about classroom 
practices and have influence over 
the level of freedom a teacher is 
provided to design the curriculum 
and classroom experience. 

Teacher's belief in a student's 
science ability, value of 
student research experiences 
and understanding of 
authentic science encourages 
a teacher to design a grading 
system that gives students 
freedom to express their 
knowledge and educational 
experiences that help a 
student become a productive 
member of society. 

Teacher is 
unsure or 
hesitant in their 
ability to 
successfully 
facilitate or 
guide a 
student’s 
research. 

Educational 
and 
noneducational 
experiences of 
the teacher that 
may shape the 
teacher's beliefs 
or thinking. 

Teacher control. 

Instance Teacher encounters challenges 
such as time limits, funding, class 
size, and required state exams and 
rigidity of written curriculum to 
carrying out a student research 
experience in the classroom. 

Teacher believes in a grading 
system that gives students 
freedom to express their 
knowledge. 

Teacher is 
fearful or 
hesitant to 
facilitate or 
guide a student 
research 
experience in 
their 
classroom. 

Teachers may 
have varying 
experiences in 
the education 
field. 

Teacher is 
acting as a 
guide to help 
the student but 
does not 
provide the 
answers or 
specific 
guidance. 
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Instance Teacher encounters challenges to 
conducting a student research 
experience in the classroom. 

Teacher believes in a 
student’s ability to succeed in 
a science classroom or 
science career. 

Relates to 
beliefs in one's 
ability to 
successfully 
accomplish a 
task under 
specific 
conditions 

Changes may 
occur in a 
teacher's beliefs 
after a personal 
or professional 
experience. 

Teacher has 
control 
oversteps and 
what student is 
doing in the 
classroom. 

Instance Teacher believes it requires an 
extended amount of time to 
accomplish a student research 
experience. 

Teacher considers the value 
and practicality of including 
student research experiences 
in the classroom 

A perspective 
that 
acknowledges 
that knowledge 
lies in the 
minds of 
individuals 
who construct 
what they 
know based on 
their own 
experiences. 

Changes may 
occur in a 
teacher's beliefs 
after a personal 
or professional 
experience. 

 

Instance The amount of funds or resources 
provided or required to carry out a 
student research experience. 

Teacher believes that 
authentic science includes 
gathering observations, 
collecting data, analyzing the 
data and/or drawing 
conclusions.  

Psychological 
and 
sociological 
perspective 
defined by 
Bandura (1997) 
as a model 
composed of 
cognitive, 
affective, and 
biological 
events. 

Teacher 
chooses to 
continue to 
pursue 
knowledge and 
improve skills. 
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Instance Teacher believes that class size 
influences their ability to carry out 
a student research experience. 

Teacher believes that the 
purpose of education is to 
prepare students to be a 
productive member of 
society. 

A student or 
teacher's 
attitude. 

A teacher's 
experiences in 
the professional 
sciences. 

 

Instance Teacher must prepare students to 
take an exam or test that is 
administered and required by the 
state or federal education 
department. 

Designated as the distinction 
between a teacher's professed 
and enacted epistemology. 

   

Instance The written outline of content to 
be taught in a course can range in 
specificity and flexibility to 
incorporate a student research 
experience. 

The branch of philosophy 
concerned with the study of 
knowledge. 

   

Instance Teacher’s ability to teach is 
evaluated and results of evaluation 
could impact a teacher's job 
standing. 

Set of beliefs that individuals 
hold about the nature of 
knowledge and its 
production. 

   

Instance The district level, school level and 
state level administration's 
priorities for the school, teachers 
and students may or may not align 
with carrying out student research 
experiences. 

    

Instance Freedom is or is not provided to 
the teacher to design curriculum 
and the classroom experience. 
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Appendix K: Audit Trail of Findings Statement 3 

Findings 
Statement 

Teachers conceptualize scientific knowledge as being identified, constructed, diversified with varying levels of certainty; 
and conceptualize scientific research as a collaborative endeavor that uses various data collection techniques and 
quantifying information that is shared with the scientific community to improve the greater understanding of natural 
phenomena. 

Theme Teachers conceptualize the nature of professional scientific knowledge as a critical component of science literacy that 
encompasses how scientific knowledge in constructed and how it is understood by professionals to be identified, 
constructed, diversified and level of certainty. 

Theme Teachers conceptualize scientific research as working collaboratively to conduct research that uses various data collection 
techniques and quantifying information then share their gained understanding with the scientific community by 
publishing the authentic research in a scientific journal. 

Subtheme The nature of professional scientific knowledge is a 
critical component of science literacy that encompasses 
how scientific knowledge in constructed and how it is 
understood by professionals to be identified, 
constructed, diversified and level of certainty. 

Researchers work collaboratively to conduct research that uses 
various data collection techniques and quantifying information 
then share their gained understanding with the scientific 
community by publishing the authentic research in a scientific 
journal. 

Category The nature of professional scientific knowledge truth 
value and how it is identified, constructed, diversified, 
and level of certainty. 

Researchers work collaboratively to conduct research and then 
share their gained understanding with the scientific community 
by publishing the authentic research in a scientific journal. 

Category The nature of professional science is a critical 
component of science literacy that encompasses how 
scientific knowledge is constructed and understood by 
professionals. 

Research is conducted by scientists that contributes 
information to the greater understanding of a topic by using 
various data collection techniques and quantifying information. 

Instance Designed to closely resemble how professional science 
is conducted and the principles of the Nature of Science. 

Academic publication of an authentic research study. 
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Instance A critical component of scientific literacy that enhances 
students' understanding of science concepts and enables 
them to make informed decisions about scientifically 
based personal and societal issues. 

Research is conducted that provides or contributes information 
to the greater understanding of a topic or provides a deeper 
understanding of the topic to the scientific community. 

Instance Scientific Investigations use a Variety of Method. A measurement is taken. 

Instance Scientific Knowledge if based on Empirical Evidence. Using data collected by other scientists in order to answer your 
research question. 

Instance Scientific Knowledge is open to revision in Light of 
New Evidence. 

Students working together or with a professional scientists to 
accomplish a task. 

Instance Science Models, Laws, Mechanisms, and Theories 
Explain Natural Phenomena. 

Sharing of results of a research study. 

Instance Science is a Way of Knowing.  

Instance Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems. 

 

Instance Science is a Human Endeavor.  

Instance Science Addresses Questions about the Natural and 
Material World. 

 

Instance A description of the nature of scientific knowledge, 
including the sources of such knowledge, its truth value, 
scientifically appropriate warrants, and so forth. 

 

Instance There are different forms of scientific knowledge, 
varying in their explanatory or predictive power and in 
their relation to the observable world. 

 

Instance Scientific knowledge is constructed by people, not 
simply discovered out in the world. 

 

Instance Students should understand that scientific methods are 
diverse. 

 

Instance Since scientific knowledge is not known to be 
absolutely true, then there is no particular reason to 
believe it. 
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Appendix L: Audit Trail of Findings Statement 4 

Findings 
Statement 

A paradigm shift is occurring in science education as teachers use creative, inclusive instructional strategies by 
implementing differentiated instruction focusing on writing skills, to ensure that all students achieve higher order 
thinking skills at a high level of rigor. 

Theme Teachers use creative instructional strategies.  

Theme A paradigm shift in science education is occurring as the curriculum transitions to the NGSS SEPs.  

Subtheme Teacher uses varying 
types of science 
instructional 
practices that will 
encourage higher 
order thinking skills 
and support 
struggling students 
to meet the learning 
objectives. 

Teacher often 
utilizes differing 
types of open-ended 
inquiry experiences 
to encourage student 
involvement in 
scientific 
investigations and to 
answer scientific 
questions. 

Teacher strives for 
all students to 
become proficient in 
science by 
emphasizing lesson 
plans that engage 
students in scientific 
investigation that 
gives students the 
opportunity to 
practice writing 
skills, higher order 
thinking skills at a 
high level of rigor 
while still 
recognizing the value 
of non-traditional 
skills. 

Teachers use a 
mixture of 
differentiated 
instruction 
strategies and 
low states 
activities to 
address the 
intellectual 
and/or physical 
limitations of 
the students and 
curriculum 
objectives of 
the course. 
 

A paradigm 
shift in 
science 
education is 
occurring as 
the 
curriculum is 
changed to the 
NGSS SEPs. 

Teacher 
creates lesson 
plans that are 
creative and 
utilize varying 
science 
instructional 
practices and 
lesson 
structure.  

Category Teacher considers 
science instructional 
practices that will 
encourage higher 

Teachers often 
utilize differing 
types of open-ended 
inquiry experiences 

Teacher strives for 
all students to 
become proficient in 
science and 

Teachers use a 
mixture of 
differentiated 
instruction 

NGSS refers 
to the K-12 
grade science 
standards that 

Teachers 
utilize varying 
science 
instructional 
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order thinking skills 
and support 
struggling students. 

to encourage student 
involvement in 
scientific 
investigations. 

contributing 
members of society. 

strategies and 
low states 
activities to 
address the 
varying needs 
of the students 
and the 
curriculum 
objectives of 
the course. 

consist of 
crosscutting 
concepts, 
interdisciplina
ry core 
concepts and 
practices. 

practices to 
address the 
objective of 
the lesson. 

Category Teacher considers 
science instructional 
practices that will 
encourage higher 
order thinking skills 
and support 
struggling students. 
 

Teachers often 
utilize open-ended 
experiences to 
answer scientific 
questions. 
 

Teacher emphasizes 
lesson plans that 
engage students in 
scientific 
investigations that 
give students the 
opportunity to 
practice writing 
skills, higher order 
thinking skills at a 
high level of rigor 
while still 
recognizing the value 
of non-traditional 
skills. 

Teacher works 
with a 
population of 
students that 
have varying 
levels of 
intellectual 
and/or physical 
limitations that 
requires the 
teacher to 
provide 
accommodation
s/modifications 
to address 
special needs. 
 

A paradigm 
shift in 
science 
education is 
occurring 
towards 
integrated 
STEM 
practices. 

Teachers 
create lesson 
plans that are 
creative and 
utilize varying 
science 
instructional 
practices and 
lesson 
structure. 
 

Instances Teachers use 
strategies or 
techniques in the 
science classroom to 

Teachers utilized 
differing types of 
inquiry strategies to 
encourage students’ 

Teacher emphasizes 
that engaging in 
scientific 
investigation requires 
not only skill but also 

Teachers work 
with a 
population of 
special 
education 

Refers to the 
K-12 grade 
science 
standards, 
developed by 

Teachers 
spend time 
preparing for 
lessons that 
utilize 
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meet the learning 
objectives. 

involvement in the 
scientific process. 
 

knowledge that is 
specific to each 
practice. 

students that 
must be 
provided 
accommodation
s/modifications 
to address 
special needs. 
 

the National 
Research 
Council, that 
are rich in 
content and 
practice, and 
arranged in a 
coherent 
manner across 
disciplines 
and grades to 
provide all 
students an 
internationally 
benchmarked 
science 
education. 

differing 
science 
instructional 
practices. 

Instances Teacher provides 
scaffolding to 
support students. 

Inquiry laboratory 
experiences are a 
form of learning 
when students are 
posed questions 
and/or problem to 
answer/solve to 
develop learning 
and the teacher acts 
as a facilitator. 

Teacher includes 
Bloom's taxonomy 
higher order thinking 
skills into lesson 
design. 

Teacher 
emphasizes that 
engaging in 
scientific 
investigation 
requires not 
only skill but 
also knowledge 
that is specific 
to each 
practice. 

A way of 
linking the 
different 
domains of 
science that 
include: 
Patterns, 
similarity and 
diversity; 
Cause and 
effect; Scale, 
proportion 
and quantity; 
Systems and 
system 
models; 

5E lesson plan 
model 
includes 
engage, 
explore, 
explain, 
elaborate, and 
evaluate. 
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Energy and 
matter; 
Structure and 
function; 
Stability and 
change. 
Concepts 
need to be 
made explicit 
for students 
because they 
provide an 
organizational 
schema for 
interrelated 
knowledge 
from various 
science fields 
into a 
coherent and 
scientifically-
based view of 
the world. 

Instances Student or teacher 
ask questions as a 
way of promoting 
understanding or 
learning. 

Inquiry refers to a 
process of asking 
questions, 
generating, and 
pursing strategies to 
investigate those 
questions by 
generating data, 
analyzing and 
interpreting those 

Teacher emphasizes 
a higher level of 
rigor to accomplish 
the task. 

Students may 
have limitations 
and additional 
challenges due 
to intellectual 
and/or physical 
special needs. 
 

To be 
considered a 
core, the idea 
should meet at 
least two of 
the following 
criteria and 
ideally all 
four: have 
broad 

Claim, 
evidence and 
reasoning is a 
writing 
strategy that 
can help 
develop 
analytical 
thinking and 
writing skills. 
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data, drawing 
conclusion from 
them, 
communicating 
those conclusions, 
applying 
conclusions back to 
the original 
question, and 
perhaps following 
up on new questions 
that arise. 
 

importance 
across 
multiple 
sciences or 
engineering 
disciplines or 
be a key 
organizing 
concept of a 
single 
discipline; 
Provide a key 
tool for 
understanding 
or 
investigating 
more complex 
ideas and 
solving 
problems; 
Relate to the 
interest and 
life 
experiences of 
students or be 
connected to 
societal or 
personal 
concerns that 
require 
scientific or 
technological 
knowledge; 
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Be teachable 
and learnable 
over multiple 
grades at 
increasing 
levels of 
depth. and 
sophistication 

Instances Teacher shows the 
students a premade 
example of the final 
product. 

Scientific inquiry 
involves the 
formulation of a 
question that can be 
answered through 
investigation. 

Teacher includes 
opportunities for 
students to focus on 
writing and 
improving writing 
skills. 

Teachers make 
instructional 
decisions 
depending upon 
the students and 
curriculum of 
the course. 

Describe 
behaviors that 
scientists 
engage in as 
they 
investigate 
and build 
models and 
theories about 
the natural 
world and the 
key set of 
engineering 
practices that 
engineers use 
as they design 
and build 
models and 
systems. 

See, think, 
wonder is an 
instructional 
strategy when 
a student is 
shown a 
phenomenon 
and asked to 
write about 
what they 
saw, what 
does it make 
them think 
and what 
questions do 
they have. 
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Instances When a student 
learns the important 
or application of a 
concept. 

Guided inquiry are 
approaches to 
supporting students' 
inquiry by guiding 
one or more of the 
steps mentioned 
above. 
 

Teacher recognizes 
the value of skills 
that are not 
prioritized in the 
traditional classroom 
such as being a good 
test taker or ability to 
memorize or student 
learning style. 
varying from the 
traditional. 

Teacher uses 
differentiated 
instruction to 
meet the 
varying needs 
of the students. 
 

An approach 
to teaching 
and learning 
in which any 
combination 
of the four 
major STEM 
disciplines is 
taught in a 
manner such 
that the 
curriculum 
and content of 
the individual 
disciplines 
seamlessly 
merge into 
real-world 
experiences 
contextually 
consistent 
with authentic 
problems and 
applications 
in STEM 
career. 

 



 

 163 

Instances When a teacher 
utilizes a student’s 
previous 
understanding or 
prior learning to 
ground a topic. 

Engineering design 
involves the 
formulation of a 
problem that can be 
solved through 
design. 

Teachers strives to 
design lessons that 
help students become 
proficient in science. 

Teacher uses 
different 
instructional 
strategies in 
order to meet 
the learning 
objectives. 

A change in 
the objective 
of science 
education. 

 

Instances When the teacher 
explains content via 
direct instruction or 
describing the 
content. 

Open-ended 
experience is when 
student does not 
know the answer or 
outcome of the 
phenomena. 

Skill level of the 
student or ability to 
accomplish a task as 
presumed by the 
teacher. 

Teacher creates 
low stakes 
assessments 
that has little to 
no impact on a 
student’s grade 
in an effort to 
lower anxiety 
associated with 
grades and 
success. 

Consists of 
detailed 
thematic or 
focus area 
reports, a state 
data tool, and 
a 
congressionall
y mandated 
report 
delivered 
biennially to 
the President 
and Congress 
that highlights 
important 
trends from 
across the 
focus areas. 

 

Instances Detailed examination 
of a variable or 
phenomena. 

Research design are 
strategies used to 
answer a scientific 
question and related 
to the scientific 
method. 

Students having 
limited skills 
required to complete 
a scientific 
experiment. 
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Instances A physical 
connection or touch 
or manipulative or 
hands on experience. 

Description of how 
often lab or research 
experiences are 
occurring in the 
classroom. 

Teacher encourages 
skills that allow a 
student to be a 
contributing member 
of society. 

   

Instances Materials provided 
to students or used 
by the teacher. 

     

Instances Materials provided 
to students or used 
by the teacher. 

     

Instances Detailed examination 
of a variable or 
phenomenon. 
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Appendix M: Audit Trail of Findings Statement 5 

 

Findings 
Statement 

Teachers promote student engagement in authentic science practices that resemble the practices of professional scientists 
and the principles of NGSS SEPs by striving to provide students with opportunities to engage in the scientific process and 
act as guides to knowledge and skill acquisition, whereas a subset of teachers may lack full understanding of the 
difference between authentic student research and library-based research. 

Theme Teachers promotes student engagement in authentic science experiences that resemble the practices of NGSS and provide 
students with opportunities to work with scientists conducting scientific research over a prolonged period where teachers 
and scientists can serve as role models and guides which has been shown to dramatically increase the transfer of 
knowledge, skill, and application to the classroom and encourages students to submit their authentic research to science 
fairs. 

Theme Some teachers may lack a full understanding of the difference between authentic student research and library-based 
research. 

Subtheme Teachers promotes student engagement in authentic 
science experiences that resemble the practices of NGSS 
and provide students with opportunities to work with 
scientists conducting scientific research over a prolonged 
period where teachers and scientists can serve as role 
models and guides which has been shown to dramatically 
increase the transfer of knowledge, skill, and application 
to the classroom and encourages students to submit their 
authentic research to science fairs. 

Teacher may have misunderstanding of the difference 
between authentic student research and library research. 

Category Student engagement in authentic science practices that 
more closely resemble the practices of scientists and in 
the NGSS Science and Engineering Practices (SEPs) and 
are not to be interpreted as students doing the actual 
work of scientists. 

Teacher may have misunderstanding of the difference 
between authentic student research and library research. 
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Category Teachers promotes student engagement in authentic 
science experiences that provide students with 
opportunities to work with scientists conducting 
scientific research over a prolonged period where 
teachers and scientists can serve as role models and 
guides which has been shown to dramatically increase 
the transfer of knowledge, skill, and application to the 
classroom and encourages students to submit their 
authentic research to science fairs. 

Teacher may be confused regarding the difference between 
authentic student research experiences and library research. 
 

Instances Teachers promote student research experiences that 
provide students with opportunities to work with 
scientists conducting scientific research over a prolonged 
period where teachers and scientists can serve as role 
models and guides which has been shown to dramatically 
increase the transfer of knowledge, skill, and application 
to the classroom. 

Teacher may have misunderstanding of the difference 
between authentic student research and library research. 

Instances Students submit their original research to science fair 
competitions. 

 

Instances Student engagement in authentic science practices that 
more closely resemble the practices of scientists and in 
the NGSS Science and Engineering Practices (SEPs) and 
are not to be interpreted a student doing the actual work 
of scientists. 
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