
 

 

Examining the Moderating Impacts of Classroom Experience on the Relationship Between 

Elementary Teachers’ Beliefs and Science Instruction 

 

by 

Angela Schroeder, M.Ed. 

A Dissertation 

In 

Curriculum and Instruction 

Submitted to the Graduate Faculty 

of Texas Tech University in 

Partial Fulfillment of 

the Requirements for 

the Degree of 

 

DOCTOR OF PHILOSOPHY 

 

Approved  

 

Dr. Jessica Gottlieb 

Chair of Committee 

 

Dr. Rebecca Hite 

 

Dr. Tara Stevens 

 

Mark Sheridan 

Dean of Graduate School 

 

December, 2019 

 

 

  



 

Copyright 2019, Angela Schroeder



 Texas Tech University, Angela Schroeder, December 2019 

iii 
 

TABLE OF CONTENTS 

ABSTRACT..................................................................................................................................vii 

LIST OF TABLES......................................................................................................................... ix 

LIST OF FIGURES ........................................................................................................................x  

I. INTRODUCTION........................................................................................................................1    

 Introduction……...………………………………………………………………………...1 

 Status of Elementary Science Instruction in U.S. Public Schools………………………...1 

 Elementary Teacher Development in Science Instruction………………………………...3 

 Statement of the Research Problem……………………………………………………….5 

 Purpose of the Research…………………………………………………………………...6 

 Background………………………………………………………………………………..8 

  Teacher Development……………………………………………………………10 

  Self-Efficacy……………………………………………………………………..11 

  Teacher Beliefs…………………………………………………………………..12 

  Reforms-Based vs. Traditional Methods………………………………………...13 

  Elementary Science Instruction Time……………………………………………14 

 Research Questions………………………………………………………………………16 

 Research Design………………………………………………………………………….17 

  Participants……………………………………………………………………….17 

  Data Collection…………………………………………………………………..19 

  Variables…………………………………………………………………………19 

  Data Analysis…………………………………………………………………….20 

  Limitations……………………………………………………………………….21 



 Texas Tech University, Angela Schroeder, December 2019 

iv 
 

  Significance………………………………………………………………………22 

  Assumptions……………………………………………………………………...22 

 Definition of Key Terms…………………………………………………………………23 

II. CONCEPTUAL……………………………………………………………………………....25 

 Conceptual Framework and Literature Review…………………...……………………..25 

 Conceptual Framework…………………………………………………………………..26 

  Teacher Beliefs…………………………………………………………………..26 

  Self-Efficacy……………………………………………………………………..29 

  Teacher Development……………………………………………………………30 

 Literature Review………………………………………………………………………...33 

  Science Teaching Efficacy……………………………………………………….35 

  Science Teacher Beliefs………………………………………………………….38 

  Teacher Development……………………………………………………………42 

 Conclusion……………………………………………………………………………….44 

III. METHODOLOGY…………………………………………………………………………..46 

 Methodology……..………………………………………………………………………46 

  Restatement of the Research Questions………………………………………….47 

  Research Design………………………………………………………………….49 

  Context of the Participants……………………………………………………….51 

   Population………………………………………………………………..54 

   Sample……………………………………………………………………55 

   Procedure for Recruiting Participants...………………………………….56 

 

 Instruments……………………………………………………………………………….57 

  Beliefs About Reformed Science Teaching and Learning (BARSTL)…………..57 



 Texas Tech University, Angela Schroeder, December 2019 

v 
 

  Science Teaching Efficacy Beliefs Instrument (STEBI)………………………...61 

  Variables…………………………………………………………………………62 

 Analysis………………………………………………………………………………….64 

 Summary…………………………………………………………………………………66 

IV. RESULTS……………………………………………………………………………………68 

 Results…..………………………………………………………………………………..68 

  Research Questions……………………………………………………………....69 

  Descriptive Statistics……………………………………………………………..70 

  Research Design………………………………………………………………….74 

  Data Analysis…………………………………………………………………….75 

  Results……………………………………………………………………………76 

   Model 1…………………………………………………………………..77 

   Model 2…………………………………………………………………..78 

   Model 3…………………………………………………………………..78 

   Model 4…………………………………………………………………..79 

   Model 5…………………………………………………………………..80 

   Model 6…………………………………………………………………..81 

 

 Summary………………………………………………………………………………....82 

V. DISCUSSION………………………………………………………………………………...83 

 Discussion………………………………………………………………………………..83 

  Discussion of Findings…………………………………………………………...86 

   Moderating Impacts of Experience on Science Teaching Efficacy…...…87 

   Moderating Impacts of Experience on Science Teaching Philosophy…...91 

 

 Implications for Practice…………………………………………………………………94 

 Recommendations for Research…………………………………………………………98 

 Conclusion……………………………………………………………………………….99 



 Texas Tech University, Angela Schroeder, December 2019 

vi 
 

REFERENCES………………………………………………………………………………....103 

APPENDICES……………………………………………………………………………….....112 

A. STEBI Items…………………………………………………………………………………112 

B. BARSTL Items..……………………………………………………………………………..114 

C. STEBI Item Statistics………………………………………………………………………..116 

D. BARSTL Item Statistics……………………………………………………………………..117 

E. Approval of Research 1……………………………………………………………………...119 

F. Approval of Research 2……………………………………………………………………...122 

G. Approval of Research 3……………………………………………………………………..124 

H. BARSTL CFA Model…………………………………………………………………….....126 

I. STEBI CFA Model…………………………………………………………………………..127 

 

  



 Texas Tech University, Angela Schroeder, December 2019 

vii 
 

ABSTRACT 

Over the past three decades, there has been a concerning decline in the amount of time 

elementary teachers allocate to science instruction; of particular concern is the inclusion of 

science instruction at the early elementary (K-2) grade levels (Blank, 2013; ECS, 2017; NSTA, 

2018; Sandholtz & Ringstaff, 2016). K-2 science instruction is vital to generate student interest 

in science, provide foundational science knowledge and skills, and increase equity in science 

teaching and learning (Cafarella, McCulloch, & Bell, 2017; NSTA, 2018). Outside of external 

factors like time and support for teaching science, this downward trend may be a consequence of 

elementary teachers’ beliefs about science teaching and learning, which are presumed to change 

over time as a result of classroom teaching experience. This study surveyed the science teaching 

efficacy beliefs and science teaching philosophy held by a cross-sectional sample of early 

elementary (K-2) teachers (N = 146) to examine the moderating impacts of classroom teaching 

experience on these beliefs and time spent on science instruction. Science teaching efficacy 

beliefs include teachers’ beliefs about their ability to teach science and to effect science learning 

outcomes, and science teaching philosophy refers to beliefs about best instructional practices for 

teaching science. Utilizing an online survey, combining the inventories of the Science Teaching 

Efficacy Beliefs Instrument and Beliefs About Reformed Science Teaching and Learning 

instrument, data was collected from currently assigned K-2 teachers with classroom experience 

ranging from 1 to 47 years. Data analysis was performed using moderated multiple regression 

analysis, and the results indicated that experience is not a moderator of the relationship between 

beliefs and time spent on science instruction, and that contextual factors; such as science 

background, may be more influential in relation to time spent on science instruction at the K-2 

grade levels. Results of the study suggest that in-service elementary teachers need more 
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opportunities to increase science teaching efficacy beliefs and reflect on their science teaching 

philosophy within a school context that provides long-term support and has accountability 

requirements for science teaching at all grade levels. Further research should include longitudinal 

studies with a focus on individual and school contextual variables and larger scale studies that 

examine teachers at different stages of development to determine how generalist elementary 

teachers develop science teaching skills.        
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CHAPTER I 

INTRODUCTION 

Status of Elementary Science Instruction in U.S. Public Schools 

Science education remains problematic in elementary schools across the United States. 

The Education Commission of the States (ECS) (2017) reported that of fourth grade teachers 

surveyed only one-quarter used inquiry-based methods to a large extent and only half 

incorporated hands-on activities at least once per week. Furthermore, ECS stated that 

instructional time allocated to science has actually decreased over the past three decades. These 

indicators, time spent on instruction and utilization of reformed methods, are in direct contrast to 

recommendations for improving student achievement in science (NSTA, 2018). For example, 

students in classes that devote more time to science instruction tend to score higher on 

standardized assessments, engage in more hands-on activities, and practice more inquiry skills 

(ECS, 2017). In addition, at the early elementary grade levels of kindergarten, first, and second 

science instruction is vital to generate student interest in science, provide opportunities for 

students to gain foundational science knowledge and skills, and increase student equity in 

science (Blank, 2013; Cafarella et al., 2017). NSTA (2018) contends that all levels of elementary 

students have the capacity to engage in science and develop conceptual understandings over time 

through inquiry, questioning, and model construction. In fact, science learning begins before 

formal education as young children make observations about the world around them and with 

innate curiosity children ask questions and design investigations (NSTA, 2018). However, in K-2 

grade levels math and reading instruction takes precedence over science instruction decreasing 

children’s opportunities to develop science knowledge and skills (Blank, 2013; ECS, 2017; 

NSTA, 2018).  



 Texas Tech University, Angela Schroeder, December 2019 

2 
 

In the U.S., reading and mathematics are assessed beginning as early as second and third 

grades, while science accountability measures take place in the fourth or fifth grades. So even 

though generalist elementary teachers are responsible for providing instruction in all core content 

areas, the bulk of instructional time may be reserved for tested subjects. Consequently, early 

elementary teachers are most likely lacking opportunities to gain experience with grade level 

science content and science pedagogy, which would foster teacher development and increase 

science teaching efficacy beliefs and beliefs about reformed-based science teaching and learning. 

When considering U.S. students’ underperformance in science assessments along with this 

alarming trend of decreased instructional time it is clear more research is needed to understand 

elementary teachers’ beliefs about science teaching and learning as a sustained aspect of the core 

curriculum. 

In particular there is a significant gap in understanding the science teaching and learning 

beliefs of early elementary teachers (K-2). These grade levels are not subject to state science 

accountability assessments, and their incorporation of science into regular daily instruction is 

highly variable (Blank, 2013; Trygstad, 2013). For example, national reports on elementary 

science education are typically derived from the fourth grade level National Assessment of 

Educational Progress teacher surveys and student assessments leaving Kindergarten through 

third grade less examined. Sowder and Harward (2011) argued that primary literacy and math 

assessments create pressure for teachers to focus on those subjects delaying regular science 

instruction to later grades.  

Notably, increasing science instruction during each elementary grade level (in the U.S. 

these include grade levels K-5th/6th) is vital to increase student equity and success in science 

(Blank, 2013). Science is a cumulative subject and developing interest in science should begin as 
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early as pre-K and Kindergarten (DeJarnette, 2012; Eshach & Fried, 2005; Lind, 1998). Studies 

have found that science content is appropriate for young learners in early grades levels, 

foundational for subsequent success in science learning, and influential to later interest in 

science; yet only 20% of K-3 and 35% of 4-6 grades receive daily science instruction (Akerson, 

Buck, Donnelly, Cafarella, McCulloch, & Bell, 2017; Lind, 1998; Nargund-Joshi, & Weiland, 

2011; NRC, 2007; NSTA, 2018). However, there are few studies explicitly focused on teacher 

beliefs about the quantity and quality of science instruction for early grade levels, K-2, perhaps 

due to these grade levels heavy focus on math and literacy instruction and the absence of state 

level science assessments (Sandholdtz & Ringstaff, 2011; Sowder & Haward, 2011).  

Elementary Teacher Development in Science Instruction 

Despite these gaps in knowledge about elementary teachers’ beliefs about science 

teaching and learning and the impact on science instruction, teacher development in science 

instruction is an area of much interest to education researchers, policymakers, and administrators 

(DeJarnette, 2012; Desilver, 2017). Teacher development, or professional growth, research 

investigates broad ranges of grade levels and describes various areas of teacher characteristics 

that impact effective instruction; including teaching efficacy, teacher beliefs, educator 

preparation, and enacted curriculum. While longitudinal teacher development research is less 

frequent than studies focused on the professional growth of preservice and beginning teachers, 

the National Staff Development Council (NSDC) (2008) was able to analyze three decades of 

professional growth and effective teaching research to define four stages of teacher development; 

survival (year 1), consolidation (year 2), renewal (years 3 to 5), and maturity (6 years and 

beyond) in order to help facilitate professional growth. These stages roughly correspond to years 

of experience, and are characterized by gains in overall teaching performance as measured by 
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constructs that impact effective teaching, such as teaching efficacy and instructional innovation 

(NSDC, 2008).  

However, descriptions of overall teacher development using broad stages does not 

accurately communicate how factors; such as grade level assignment and personal background, 

may influence generalist elementary teachers development of skills for effectively teaching each 

of the unique core subjects; literacy, math, social studies, and science. According to teacher 

development theory, both personal and contextual factors impact the magnitude and direction of 

professional growth (Eraut, 1977; Kagan, 1992b; Little, 1982). Hence, this research will examine 

to what extent years of experience moderates the relationship between an elementary teachers’ 

science teaching efficacy beliefs, science teaching philosophy, and rate of science instruction to 

develop a holistic understanding of what influences elementary teachers’ science instruction.   

One of the most effective methods for increasing science teaching efficacy beliefs is 

through mastery experiences, but elementary teachers have been found to avoid science 

instruction (Avery & Meyer, 2012; Harlen, 1997). Therefore, the impact of teacher beliefs on 

science instruction is of particular importance because on the job learning may be sparse and 

teachers tend to learn from other teachers (Kagan, 1992b; Little, 1982). In other words, 

administrators cannot presume that more experienced teachers are modeling best practices in 

science instruction for less experienced teachers to learn. For example, observations of 

elementary classrooms indicate reforms-based science instruction is not regularly applied 

(Savasci & Berlin, 2012; Trygstad, 2013; Walen, McEwan, & Gericke, 2016), yet more 

experienced teachers are described as having interests in implementing innovative instruction 

(NSDC, 2008). This contradiction implies that teacher development in science instruction may 

not be occurring for early elementary teachers because they are not teaching science often 
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enough to increase their teaching efficacy or change their beliefs about reforms-based science 

instruction. This study was developed to delve deeper into this contradiction by examining 

teachers’ beliefs about reforms-based science instruction, science teaching efficacy, and years of 

teacher experience as they relate to time spent on science instruction.  

Statement of the Research Problem  

Current literature and student achievement in science suggests early elementary science 

instruction remains ineffective despite the input of resources, opportunities for professional 

development, and changes in teacher certification requirements aimed at increasing the quantity 

and quality of science instruction (DeJarnette, 2012; Desilver, 2017; Sowder & Harward, 2011; 

Trygstad, 2013). Elementary teachers report feeling underprepared to teach science, and 

therefore tend to avoid science or implement more traditional-based instructional methods 

(Ghaith & Yaghi, 1997; Harding, 2016; Kazempour, 2014). Moreover, recent national surveys 

indicate elementary teachers have actually decreased the amount of time allocated for science 

instruction, reported infrequent utilization of hands-on/inquiry based activities, and relied heavily 

on textbooks or commercial science kits to develop science lessons (Blank, 2013; ECS, 2017; 

Trygstad, 2013). Although professional development has been shown to positively impact 

feelings of preparedness and ability to teach science, reforms are often not successful or 

sustained because they are not supported and may be met with teacher resistance (Czerniak & 

Lumpe, 1996; Sandholtz & Ringstaff, 2011). Gaith and Yaghi (1997) proposed four variables as 

being relevant to teachers’ willingness to implement instructional innovations; 1) alignment of 

innovations to current practice, 2) estimates of time and effort requirements, 3) perceived 

importance of the innovation, and 4) experience and sense of efficacy. This study incorporates 
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the third and fourth variables: perceived importance of the innovation (teaching philosophy) and 

experience and sense of efficacy.  

As generalists, elementary teachers’ assigned to teach self-contained classrooms are 

responsible for instructing all subject areas, therefore, as a population they vary immensely in 

experience, sense of efficacy, and perceptions of importance for science. Also, their curricular 

and instructional decision-making for science may be more connected to their perceptions, 

values, personal learning experiences, and beliefs about science learning (Appleton & Kindt, 

2002; Bryan, 2003; Cziernak & Lumpe, 1996; Kazempour, 2014). Clearly, elementary science 

curriculums are interpreted uniquely by each teacher; suggesting teacher beliefs and teacher 

characteristics play a significant role in the enacted curriculum and time spent on science (Furtak 

& Alonzo, 2010; Pajares, 1992; Sampson et al., 2013). However, the relationship between years 

of experience, beliefs about teaching philosophy, and science teaching efficacy beliefs has not 

been clarified in the literature, and therefore should be examined to determine whether personal 

or contextual factors are more salient in influencing elementary science instruction. So, in order 

to address the problem of degrading quantity and quality of elementary science instruction it is 

vital to fully understand how classroom teaching experience relates to changes in science 

teaching efficacy beliefs and science teaching philosophy. 

Purpose of the Research  

The purpose of this study is to investigate to what extent (if any) years of professional 

experience moderates beliefs about science teaching and learning and science teaching efficacy 

beliefs to infer allocated time for science instruction. Teacher development in science instruction 

is complex, particularly for elementary teachers who are trained as generalists, and this research 

will contribute to the current literature by focusing on professional growth in the area of science 
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instruction by including experience as moderating variable of teacher beliefs on quantity of 

science instruction. Specifically, this research will probe the relationship between teachers’ 

beliefs about reforms-based science education, science teaching self-efficacy beliefs, and teacher 

experience and explore its impact on the outcome of weekly rate of science instruction.  

Sampson, Enderle, and Grooms’ (2013) Beliefs About Reformed Science Teaching and 

Learning (BARSTL) will be used to measure teachers’ beliefs along a continuum of traditional-

based methods and reforms-based science teaching and learning which is described as science 

teaching philosophy. The BARSTL consists of four dimensions; a) how people learn, b) lesson 

design and implementation, c) characteristics of teachers and the learning environment, and d) 

the nature of science curriculum (Sampson et al., 2013). Riggs and Enochs’ (1991) Science 

Teaching Efficacy Beliefs Instrument (STEBI) will be used to measure science teaching efficacy 

beliefs which consists of two subscales: personal science teaching efficacy (PSTE) and science 

teaching outcome expectancy (STOE). By utilizing these established instruments, this research 

will provide more distinct information about how experience impacts teachers’ beliefs about 

science teaching and learning. More importantly, this study addresses a gap in the literature by 

explaining to what extent those relationships may impact science instruction time. This study is 

significant because it recognizes that attempts to reform and transform science instruction will 

not be successful without examining and understanding those teachers currently in the 

classroom, as elementary science has increasingly become the focus of policy advocacy because 

of the need to address low student achievement and narrow interest in science (ECS, 2017; 

NSTA, 2018). Additionally, this research may reveal weak points in elementary teacher 

preparation and highlight areas of needed advocacy and support for those teachers already 

committed to the teaching profession.  
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Background 

According to the National Center for Education Statistics (NCES) (2018), there are 1.9 

million elementary school teachers currently employed within public school institutions. Data 

from the 2015-2016 school year specifies that only 11% have less than three years of experience, 

28% have 3 to 9 years of experience, 39% are between 10 and 20 years in the classroom, and 

22% have greater than 20 years of experience (NCES, 2018). This means that the majority of 

elementary teachers are in the mature stage and should have high efficacy beliefs and utilize 

reforms-based instruction (Berliner, 1988; NSDC, 2008). Up till now, the research on teacher 

development has retained much of its focus on beginning year teachers because this has shown to 

be the time period when the bulk of professional learning occurs. However, more recent analyses 

of large publicly available databases have revealed that teachers continue to grow professionally 

up to 20 years and beyond (Papay & Kraft, 2014; Sawchuk, 2015). This could have significant 

implications to areas of teacher development; including teaching efficacy, teacher beliefs, and 

instructional innovation, because education stakeholders must be able to provide appropriate 

learning opportunities and support for teachers at different stages in their career. Therefore, this 

study adds to this literature by determining the impact of experience on elementary science 

instruction because currently this relationship has not been thoroughly examined. 

 At this point research indicates that beliefs are influenced by both context (e.g. grade 

level, school culture and resources) and experience, and some beliefs, such as teaching efficacy, 

may change over time and impact instruction. For instance, teachers that develop high levels of 

efficacy have been shown to positively impact students’ motivation and learning, 

(Swackhammer, Koellner, Basile, & Kimbrough, 2009). Unfortunately, in general, elementary 

teachers at all levels of experience report lower science teaching efficacy beliefs causing some 
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teachers to avoid science instruction entirely (Buss, 2010; Harlen, 1997; Lavigne, Mutch-Jones, 

& Demers, 2014). Although, other teacher beliefs have been shown to impact the enactment of 

curriculum as well. For example, Savasci and Berlin (2012) found that teachers’ beliefs about 

constructivism influenced the ways in which they conducted class activities. Furthermore, Furtak 

and Alonzo (2010) asserted that elementary teachers tend to utilize more traditional, teacher-

centered instruction for science because their views of inquiry are inconsistent with definitions of 

reforms-based practices. This implies that multiple beliefs inform teachers when they are making 

instructional decisions, and it is therefore in the interest of education stakeholders to determine 

how beliefs effect science instruction.  

People hold central beliefs which are highly resistant to change, along with beliefs that 

are peripheral to an individual’s central belief system which are less resistant to change; but 

because beliefs are not directly observable it is difficult to determine where beliefs lie within the 

system and which of those beliefs may be controverted (Rokeach, 1968). In other words, specific 

domains of teacher beliefs (such as those about science, art, or math) vary in importance and are 

part of a belief system reflecting a central-peripheral organization; and based on this belief 

infrastructure classroom experience may or may not impact beliefs about science instruction or 

efficacy beliefs (Rokeach, 1968). Consequently, examining the relationship between experience 

and beliefs will help teacher educators and professional developers develop a more holistic 

understanding of how elementary teachers approach science instruction. Generally, the literature 

suggests there is complex interplay between teacher development, teaching efficacy, and teacher 

beliefs, and this study will aid in clarifying that relationship which may be key to understanding 

the enactment of the elementary science curriculum.     
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Teacher Development. There is wide agreement among researchers that teacher 

development or professional growth increases most during the beginning years of teaching 

(Appleton & Kindt, 2002; Kagan, 1992b; Parson, Vaughn, Malloy, & Pierczynski, 2017), but 

recent studies have also noted that professional growth continues well beyond those early years 

of classroom experience (Mulholland & Wallace, 2005; Papay & Kraft, 2014; Sawchuk, 2015). 

According to the NSDC (2008), teachers’ develop through general stages and each stage has 

unique characteristics which impact professional competence and teaching efficacy. First year 

teachers are in a “survival stage” with diminished efficacy, year two marks a “consolidation 

stage” where some teaching efficacy is recovered, years three to five, the “renewal stage” are 

marked by a resurgence in teaching efficacy and competence, and teachers entering year six and 

beyond display “maturity” by expanding their roles and responsibilities and seeking innovation 

(NSDC, 2008). Twenty-five years of teacher research was used to define the abovementioned 

characteristics of each teacher development stage, but the NSDC (2008) recognizes that teachers 

develop uniquely and individually and that “years of teaching alone are insufficient to determine 

a teacher’s stage of development,” (para. 3). In fact, Eraut (1977) argued that the rate and 

direction of a teacher’s development is dependent on the knowledge, experience and personality 

of the teacher, school context, and experiences outside of the school context (p. 10). 

Additionally, both Eraut and Kagan (1992b) contend that teacher development is a natural 

process that prompts changes in knowledge, beliefs, and behavior as teachers continually learn 

by doing in their own classrooms. Therefore, professional growth, while an organic process, can 

be promoted through supportive activities, school contexts, and personal agency (Appleton & 

Kindt, 2002; Eraut, 1977; Kagan, 1992b; NSDC, 2008). One area of the teacher development 

literature that is unclear is how generalist elementary teachers, who are expected to teach all core 
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subjects, develop as effective science teachers. This study will address that gap by examining the 

moderating effect of years of classroom experience on science instruction.  

Self-efficacy. Bandura’s (1977) self-efficacy theory has two key constructs: self-efficacy 

and outcome expectancy. Self-efficacy can be thought of as an individual’s belief in their own 

abilities towards a specific endeavor, while “outcome expectancy is defined as a person’s 

estimate that a given behavior will lead to certain outcomes,” (Bandura, 1977, 1997, p. 193). 

Williams (2010) explained that outcome expectancies must be considered independently of self-

efficacy in order to maintain the validity of the self-efficacy ratings. Additionally, 

“understanding people’s expected outcomes of behavior is critical to understanding what they 

say they are capable of…which in turn has been shown to be highly predictive of behavior,” 

(Williams, 2010, p. 422). Moreover, Hechter (2010) found that preservice teachers’ personal 

science teaching efficacy and not their science teaching outcome expectancies were affected by 

the number of science courses taken, prior experiences, and completion of a science methods 

course, which suggests that these two constructs should be examined independently. Generally, 

elementary teachers with low science teaching self-efficacy have less confidence in their ability 

to effectively teach science in contrast to those with high science teaching self-efficacy (Morrell 

& Carroll, 2003; Riggs & Enoch, 1991; Sandholtz & Ringstaff, 2014; Settlage, Southerland, 

Smith & Ceglie, 2009).  

Science teaching efficacy beliefs describe both teachers’ beliefs about their own abilities 

to teach and their belief about their ability to effect learner outcomes and has been found to be an 

important factor in teacher effectiveness (Harlen, 1997; Riggs & Enoch, 1990; Takahashi, 2011). 

Significantly, higher science teaching efficacy is associated with positive changes in science 

instructional practices; such as the use of reforms-based methods (Sandholtz & Ringstaff, 2014; 
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Takahashi, 2011). Interestingly, Sandholtz and Ringstaff (2014) also found that high science 

efficacy beliefs did not correlate to increased time teachers spent on science instruction. This 

observation is problematic since studies indicate that science instruction needs to become more 

prevalent in the early grades and stakeholders are interested in addressing this issue (Akerson et 

al., 2011; Blank, 2013; ECS, 2017; Sowder & Harward, 2011). Consequently, science teaching 

efficacy beliefs may not be the only factor inhibiting implementation of reforms-based science 

instruction suggesting it may be an important to examine other beliefs, such as those related to 

science teaching and learning. 

As Takahashi (2011) observed, “teachers cognitively weigh information against each 

other and against the context of their work, and make judgements about which information to 

prioritize,” suggesting that beliefs about science also play a role in science instruction (p. 739). 

Moreover, Settlage et al. (2009) argued that self-efficacy alone may not explain teachers’ 

perceptions of their teacher selves and leaves gaps in understanding what is needed for 

programmatic success. Teacher beliefs have been found to influence most facets of teaching 

practice because beliefs are the barometer individuals use to make decisions; such as using 

traditional versus reforms-based science teaching methods (Pajares, 1992; Sampson, Enderle, & 

Grooms, 2013). Unfortunately, elementary and middle school preservice teachers tend to hold a 

common folk view of science; which “entails construing hypotheses as guesses that have little 

bearing on how problems are framed and examined,” (NRC, 2007, p. 300).  

Teacher Beliefs. Pajares (1992) understood beliefs to be important because “teachers 

often teach the content of a course according to the values held of the content itself,” (p. 309). 

Kagan (1992a) defined teacher beliefs “as tacit, often unconsciously held assumptions about 

students, classrooms, and the academic material to be taught,” (p. 65). Kagan’s perspective of 
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teacher beliefs is that they are a form of personal knowledge, and situated in person (p. 66). 

However, Pajares (1992) proposed that teacher beliefs and knowledge are two separate domains; 

in that beliefs comprise of an individual’s affective and evaluative processing of thoughts and 

information. Despite the variation in the definition of beliefs as a construct, teacher beliefs have 

been shown to have an impact on classroom behavior (Czerniak & Lumpe, 1996; Lortie, 1975; 

Pajares, 1992). For example, Thomas and Pedersen (2003) observed that preservice elementary 

teachers hold traditional views of science teaching; meaning they view science as a teacher-

centered subject with the teacher presenting knowledge that is fixed and unchanged, and 

therefore tended to utilize teacher-centered science instruction. According to Pajares (1992), 

preservice teachers develop their beliefs about teaching and teachers early; as these beliefs were 

most likely developed throughout their time in the classroom as students (Lortie, 1975). 

Therefore, prior experiences teachers had in learning science are important contextual factors to 

their beliefs and enactment of a reforms-based science curriculum, and may be more challenging 

to transform through teaching experience (Rokeach, 1968).  

Reforms-based vs. Traditional Methods. Traditional instructional methods consist of 

teacher-centered activities which enable the efficient dissemination of a fixed set of science 

content; in contrast, reforms-based methods teach science as inquiry and consists of student-

centered activities which use the process of inquiry and require problem-solving techniques 

based on those used by scientists (Ackerson, Buck, Donnelly, Nargund-Joshi, & Weiland, 2011; 

Bybee, 1995). The past two decades of education research has prompted changes in science 

curriculum standards that are more aligned to reforms-based methods, and teacher education 

programs have responded to these changes alongside top-down policies aimed at increasing 

reforms-based science instruction (NRC, 2007). Yet, there is slight evidence to suggest that 
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teachers have transformed their teaching practice from traditional methods to reforms-based 

methods (Clark & Lott, 2017; Walen, McEwen, & Gericke, 2016). This transformation is 

important because inquiry-based instructional methods have been shown to positively impact 

student achievement, increase student interest in science as a discipline, and better prepare 

students as life-long learners of science (Akerson, et al., 2011; Bybee, 1995; DeJarnette, 2012). 

However, despite changes in educator preparation programs and professional development 

focused on reforms-based methods teachers continue to revert to traditional science instruction 

(Blank, 2013; Brisco & Peters, 1997). Although some sustained professional development has 

been shown to increase fidelity in the use of reforms-based methods by elementary school 

teachers, science instructional time has not increased and as a core subject is taught significantly 

less than other core subjects (Blank, 2013; ECS, 2017; Sandholtz & Ringstaff, 2016; Sowder & 

Harward, 2011).  

Elementary Science Instruction Time. ECS (2017) posited that teachers who are not 

confident in science are less likely to spend time planning and instructing science, and in 2015 

less than ten percent of fourth grade teachers reported receiving science instruction focused 

professional development. There are two noted consequences of ineffective or sparse science 

instruction; students may not be developing a standard level of science literacy and students are 

not generating an early interest in science (DeJarnette, 2012; Desilver, 2017; Eshach & Fried, 

2005). According to recent performance data from the Programme for International Student 

Assessment (PISA), only 38 percent of fourth graders were rated proficient or higher in science, 

which suggest improvements are needed in both the quantity and quality of elementary science 

instruction (Desilver, 2017; ECS, 2017). Therefore, it is important to understand the variables 

influencing teachers’ approaches to teaching science.  
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For example, a review of the literature revealed two significant problems persist in 

elementary science instruction which may be creating barriers to time spent on science 

instruction; ranking of importance of science relative to other core subjects and low science 

teaching efficacy leading to avoidance of science teaching. Sowder and Harward (2011) noted 

that elementary science has been deemphasized in response to high stakes testing requirements 

for reading and mathematics, therefore, elementary teachers spend little to no time teaching 

science which limits their experience with learning and teaching science content. Second, it has 

been widely agreed that elementary teachers are underprepared to effectively teach science and 

may lack content knowledge contributing to their low self-efficacy in science teaching (Morrell 

& Carroll, 2003; NRC, 2007; Trygstad, 2013). For example, Harlen (1997) found that 

elementary teachers report low self-efficacy in science teaching, and that these teachers 

completely avoided teaching science or their science instruction was low quality. The National 

Research Council (NRC) (2007) reported that credentialing standards for elementary teachers 

may be vague or ill-defined for science leading to a wide variety of preparedness for teachers in 

K-8.  

Nevertheless, elementary science instruction is important and appropriate as research 

indicates young children are cognitively capable of learning science content, skills, and processes 

and early science experiences promotes later interest in science (DeJarnette, 2012; Eshach & 

Fried, 2005). Early exposure to science has also been shown to increase student interest in 

pursuing science, technology, engineering, and mathematics (STEM) fields as they continue their 

academic career (DeJarnette, 2012; Eshach & Fried, 2005; Epstein & Miller, 2011). Therefore, it 

is important to understand elementary teachers’ development of science teaching beliefs and 
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efficacy once they enter and gain experience in the classroom context, and if those beliefs 

influence science instruction time. 

Research Questions 

The overarching research question and sub-questions will guide the analysis: does 

classroom experience moderate relationships between science teaching efficacy and science 

teaching philosophy to infer rates of weekly science instruction when controlling for science 

background?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between PSTE and rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between STOE and rate of weekly science instruction?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about how people learn and rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about lesson design and implementation and rate of weekly 

science instruction?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about characteristics of teachers and the learning environment and 

rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about the nature of the science curriculum and rate of weekly 

science instruction?  
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These questions address gaps in knowledge about the role of classroom experience in the teacher 

development of early elementary teachers and its implications to science teaching. In addition, 

this research is based on the current literature arguing that both self-efficacy and teacher beliefs 

are impacted by context and experience and are important aspects of effective science teaching 

and implementation of science curriculum (Buss, 2010; Furtak & Alonzo, 2010; Palmer, 2007; 

Sandlotz & Ringstaff, 2011).        

Research Design 

To effectively address the research questions, the proposed research will employ a 

quantitative, descriptive observational design guided by a moderation model (Johnson, 2001). A 

moderation model was chosen in order to examine to what extent classroom teaching experience 

moderates science teaching efficacy beliefs and science teaching philosophy while controlling 

for science background. Established valid and reliable survey instruments have been selected for 

assessing teachers’ efficacy beliefs and beliefs about reformed science teaching and learning 

(Riggs & Enoch, 1990; Sampson et al., 2013) and will enable the researcher to utilize online data 

collection. In addition, these instruments have been used in other studies examining and 

describing the status of elementary science instruction in the U.S. Thus, this quantitative survey 

design was chosen to meet the researcher’s needs of gaining access to the target population of in-

service elementary teachers, collecting data from a larger sample size, and increasing the 

probability of the data meeting standards of normality needed for statistical analysis (Creswell, 

2014). Additionally, the surveys were structured to obtain anonymous responses and were 

available to the researcher at no cost.  

Participants. Elementary teacher certification requirements vary, but all states are 

similar in that elementary certifications are multi-grade level. For example, in the state of Texas, 
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where this research was conducted, most commonly there are two types of generalist 

certifications; Early Childhood through 6th grade (EC-6) and Grades 4th through 8th (Gr 4-8), 

and teachers holding these certifications must teach within those certified grade levels. Although, 

the range of grade level certification is dependent on the educator preparation program, for 

example, some programs offer an EC-4 certification. For the purposes of this research early 

elementary teachers were defined as those teaching kindergarten up to second grade, which 

would require an EC-4 or EC-6 teacher certification, and are therefore assumed to be similarly 

trained through accredited educator preparation programs.  

The K-2 grade levels were selected because they do not have state level assessments for 

science and the beliefs about science teaching and learning in the early grade levels are not well-

documented. In fact, there are few studies explicitly examining these grade levels treatment of 

science instruction although interpretation of results from other studies have been applied 

broadly to all teachers with elementary generalist certifications. Consequently, this study adds 

important knowledge to the description of science instruction at varying grade levels. The survey 

instruments were integrated into one survey using an online format and sent to K-2 grade 

teachers currently teaching in the three different school districts and also on various teacher 

group Facebook pages.  

Access to in-service teacher participants required a two-tiered sampling approach. First, a 

convenience sample population of K-2 teachers were recruited from three large school districts 

in west Texas due to the fact that the researcher previously worked in or with these districts and 

maintained some relationships with administrators thereby increasing the probability of access to 

participants. Second, active Facebook teacher groups were contacted for potential participation. 

The researcher used the Facebook search function to locate teacher groups created for 
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“elementary teachers”, “kindergarten teachers”, “first grade teachers”, and “second grade 

teachers”. Messages were sent using Facebook Messenger to group administrators of active 

groups to obtain permission to access the group and recruit members for the study. Once 

administrator permission was obtained, the study and questionnaire link were shared within 

closed teacher groups with full explanation that participation would be voluntary and 

anonymous.  

Data Collection. The researcher was granted permission from three districts and nine 

Facebook group administrators to contact teachers about the study. The district teachers’ contact 

information is publicly available on campus level websites, and both teacher and campus 

principals were contacted about the study and data collection procedure. An email outlining adult 

consent for participation and a link to the survey was sent via email and remained active for six 

weeks. At the three week mark and final week mark, reminder emails were sent to the 

participants. Facebook posts were written by the researcher and included adult consent 

information and the link to the survey.  In addition to the survey instruments, demographic data 

pertaining to grade level, years of teaching experience, number of science courses, type of 

educator preparation program, and estimated number of days science is taught per week was 

collected.  

Variables. The purpose of the study was to investigate if the amount of time spent on 

science instruction is related to years of experience, science teaching philosophy, and science 

teaching efficacy. The complexity of these relationships was examined using six moderated 

multiple regression models which inputted years of experience as a moderating variable and 

science background as a co-variate. Predictor variables for the outcome of science instruction 

time included teacher beliefs about reformed science teaching and learning, which is a latent 
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variable measured by four subscales: (1) how people learn, (2) lesson design and 

implementation, (3) lesson design and the learning environment, and (4) the nature of science 

curriculum (Sampson et al., 2013) and science teaching efficacy beliefs as measured by two 

subscales; PSTE and STOE, with years of experience as a moderator. These variables have 

implications to decisions about science teaching practice, yet little research has been conducted 

examining how the beliefs held by in-service teachers with a wide range of classroom experience 

may impact science instruction.  

Data Analysis. Once the surveys closed, the researcher used SPSS 25 with the AMOS 

package to organize the data, perform descriptive statistics, run confirmatory factor analysis 

(CFA), and the moderated multiple regression models (IBM, 2017). These moderation models 

were developed based on a conceptual framework of teacher beliefs, teacher development, and 

science teaching efficacy (Hayes, 2018). Each of these constructs recognize experience as 

influential to change and development. Therefore, years of classroom experience was designated 

as the moderating variable (W) in order to investigate how and when the independent variables of 

science teaching efficacy beliefs and beliefs about science teaching impact the outcome of time 

spent on science instruction (Hayes, 2018).  

As Shulman (1987) noted, content knowledge is prerequisite to the development of 

pedagogical content knowledge (PCK), a widely excepted construct describing the union of a 

teacher’s specific content and pedagogical knowledge (Anderson, 2015). Subsequent research on 

teacher beliefs suggests that teachers’ science background, commonly measured by the number 

of science courses completed, previous academic experiences with science as a subject or way of 

knowing, or description of personal experiences with science, is influential to the development of 

science teacher identity and science instructional practice (Anderson, 2015; Avraamidou, 2016; 
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Olson, Tippett, Milford, Ohana, & Clough, 2015). Therefore, science background is included as 

a covariate in the models because of its established connection to teacher decision-making about 

science instruction (Figure 1). 

 

Figure 1: Moderation model with years of experience as a moderator variable (W) influencing the independent variables effect 
on the dependent variable controlling for science background (covariate). Adapted from Field (2013). 

Limitations. The following research has some limitations. First, psychological 

constructs, like self-efficacy beliefs and teacher beliefs are understood to be set within a larger 

system making them challenging to measure through self-reported methods (Bandura, 1977; 

Johnson, 2001; Pajares, 1992). Also, teacher beliefs are a broad construct and deeply intertwined 

with knowledge so that the researcher must explicitly determine the definition of beliefs for the 

purposes of the study and understand the results are bound by the parameters set forth in the 

theoretical framework (Pajares, 1992). As such, beliefs cannot be measured directly, but must be 

inferred from responses to carefully constructed items of the chosen instrument.  
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Teacher self-efficacy beliefs are considered a potent construct for examining and 

explaining teacher characteristics and behaviors; however, the instrument being used to measure 

this psychological construct is not without issues arising from the multitude of variables 

influencing the scales (Lavigne, Mutch-Jones, & Demers, 2014; Morrell & Carroll, 2003; Riggs 

& Enochs, 1990). However, both teacher beliefs and self-efficacy have been effectively studied 

using rigorously developed valid and reliable survey instruments; such as the BARSTL and 

STEBI (Bandura, 1997; Gibson & Dembo, 1984; Pajares, 1992; Riggs & Enoch, 1990; Sampson 

et al., 2013). Data will be collected strictly based on self-reporting, which constrains the 

interpretations of the results because of the potential for social expectation responses prompting 

deviation from a true and accurate response. On the other hand, surveys provide a non-intrusive 

means of collecting data from a large population, and as previously mentioned both instruments 

being used in the study have been utilized in numerous studies and shown to be valid and reliable 

(Pallant, 2013).  

Significance. This dissertation is important for three reasons; 1) it addresses a gap in the 

literature by describing in-service early elementary teachers’ beliefs about science teaching and 

learning, 2) it explores the relationship between beliefs, efficacy, and science instruction time, 

and 3) furthers understanding of how science background and years of experience influences 

teacher development in science instruction. Furthermore, this study may provide critical insight 

into the professional development needs of the early elementary population and inform school 

administrators about ways to develop a stronger sense of self-efficacy, increase the use of 

reforms-based methods, and increase science instructional time. 

Assumptions. It is assumed that elementary teachers with generalist certifications will 

have had varying program requirements, but as a whole teachers with this type of certification 
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take the minimum amount of science courses (Olson et al., 2015; Trygstad, 2013). Also, these 

teachers may or may not have taken a science methods course, which could potentially inform 

their beliefs about reforms-based science education. A strong sense of efficacy is predicated on 

mastery experiences, positive vicarious experiences, verbal persuasion, and positive emotional 

states, and it is assumed that each participant’s teaching environment, peers, and other support 

faculty and staff have contributed to their teacher development as described by the analytical 

framework (NRC, 2007; “Self-Efficacy Theory”, 2013). In fact, Friedman and Kass (2002) 

argued that the definition of teacher efficacy should be broadened to include school context and 

organization suggesting that classroom teachers’ sense of efficacy is influenced, either positively 

or negatively, by their teaching situation. This means that contextual factors are important, 

however, in this study participants are assumed to have retained their core beliefs which are more 

resistant to contextual influences and have been found to remain stable over a lifetime (Pajares, 

1992; Rokeach, 1968).  

Definition of Key Terms 

As described above, this study aims to examine relationships between K-2 grade 

teachers’ years of experience, beliefs about reforms-based science instruction, and science 

teaching efficacy. The following key terms are significant to the study:  

 Generalist: A teacher, typically primary or pre-school, that has completed a teacher 

educator preparation program without specializing in a specific subject/curriculum and is 

trained in all core subjects (reading, language arts, math, science, art) and elective 

curricula.  
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 Reforms-based science instruction: Science instruction based on a constructivist 

philosophy that encourages students to actively engage in scientific inquiry using 

authentic science processes. 

 Self-efficacy: personal belief in one’s ability to perform certain behaviors in order to 

achieve a defined outcome.  

 Teacher beliefs: are personal constructs that remain stable over time which are connected 

to a larger system of beliefs that enable an individual to effectively filter knowledge and 

new situations.  

 Teacher development: teachers’ professional growth dependent on knowledge, 

experience, personality, school context, and professional contact and interactions outside 

of the school organization. 
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CHAPTER II 

CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW 

This chapter presents the conceptual frameworks that will guide the proposed study, 

which draws upon the theories of; teacher beliefs, self-efficacy, and teacher development. These 

theoretical perspectives comprise a network of processes that contribute to teachers’ professional 

growth, behavior, and decision-making in science teaching and learning. Teacher beliefs are 

central to the enacted science curriculum because of their connectedness to other beliefs and 

organization into belief systems which influence decision-making (Rokeach, 1968). 

Additionally, when specific beliefs, such as teacher beliefs, are clearly operationalized they are a 

robust construct for understanding behavior (Pajares, 1992, p. 308). Eraut (1977) and Little 

(1982) proposed that teachers develop and grow professionally within multiple situational 

contexts, and that the rate and direction of growth influences behavior. In other words, classroom 

teachers are perpetually in a learning-by-doing process, and their instruction is a reflection of 

that learning (Eraut, 1977). Notably, contextual factors also influence teachers’ opportunities to 

encounter mastery, verbal, vicarious, and psychological experiences. These experiences 

contribute to self-efficacy, which has been shown to impact behavior, and by reflecting on these 

experiences teachers may initiate changes in self-efficacy (Bandura, 1977; Tschannen-Moran, 

Hoy, & Hoy, 1998). This is important for elementary teachers, as science experiences are an 

essential component of their motivation and interest in teaching science.  

These three processes may inform each other to contribute to teachers approaches to 

science instruction, in that, beliefs inform actions, actions prompt learning and new experiences, 

and experiences initiate changes in self-efficacy. However, these processes take time and 

opportunity to engage with the target behavior making grade level assignment and years in the 
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classroom important influential factors. The chapter will conclude with a review of the current 

literature relevant to elementary science instruction, teacher self-efficacy, and science teacher 

beliefs. 

Conceptual Framework 

This study will present a conceptual framework based on the interrelationships between 

teacher beliefs, self-efficacy, and teacher development. According to teacher development, 

teachers gain pedagogical and learner knowledge leading to changes in efficacy beliefs and 

science teacher beliefs potentially impacting the quantity of science instruction. However, 

student learning and development research has outpaced examinations of teacher learning and 

development, particularly for experienced teachers (Darling-Hammond et al., 2017; Kini & 

Podolsky, 2016). Recent investigations of teacher development revealed that teachers continue to 

grow professionally beyond the initial years and well past ten years of classroom teaching (Papay 

& Kraft, 2015). This has implications for the current widely accepted NSDC (2008) teacher 

development model which relates more classroom experience with gains in teaching efficacy and 

beliefs about instructional innovation, but fails to describe teacher efficacy changes and teacher 

beliefs about teaching and learning beyond five to six years of experience or for differences in 

grade level and subject(s) taught and how those beliefs impact time spent on science instruction. 

Furthermore, research about growth in specific subject areas is sparse, and this knowledge is of 

particular importance for teacher educators, professional developers, and administrators working 

to address elementary science teaching and learning.     

Teacher Beliefs 

Teaching has changed dramatically over the past five decades (Darling-Hammond, Hyler, 

& Gardner, 2017; Kini & Podolsky, 2016; Silvern & Isenberg, 1990). Teachers are required and 
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expected to have a complex and broad range of multifaceted knowledge within domains such as 

child development, subject area, curriculum and instruction, and learner diversity (Darling-

Hammond, 1998). All of this knowledge is entangled within an individual teacher’s personal 

knowledge and beliefs (Isenberg, 1990; Pajares, 1992). In fact, Kagan (1992a) argued that each 

teacher’s professional growth is an intensely private affair which is situated in person. Therefore, 

teacher beliefs have implications to teaching practice because beliefs filter information and 

influence decision-making (Isenberg, 1990; Kagan, 1992a; Pajares, 1992; Rokeach, 1968).  

Rokeach (1968) established that beliefs are “inferences made by an observer about 

underlying states of expectancy,” (p. 2); similarly, Pajares (1992) defined beliefs “as an 

individual’s judgment of the truth or falsity of a proposition,” (p. 309). Beliefs are 

psychologically organized systems maintaining complex connections to other beliefs and other 

belief systems, which means they may not be directly observed and are measured as latent 

variables (Pajares, 1992; Rokeach, 1968). Of note, there is a debate among prominent theorists 

about whether beliefs are distinct from the knowledge domain (Kagan, 1992a); however, 

Rokeach and Pajares concluded that beliefs are a separate domain, because beliefs are both 

affective and evaluative in nature and may not align with knowledge and could, in some 

instances, even contradict knowledge (Fives & Buehl, 2012). According to Rokeach, an 

individual’s beliefs are not all equally important with some beliefs being more central, core 

beliefs, which are highly resistant to change while other beliefs are more peripheral in nature and 

more controvertible.  

Teacher beliefs are a specific domain of beliefs held by teachers concerning various 

components of teaching practices; including students, classrooms, and curriculum (Kagan, 

1992a). This study will utilize Fives and Buehl’s (2012) composite definition in which teacher 
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“beliefs are individually held conceptions that are in constant relation to the context and 

teachers’ experiences,” (p. 476). In other words, for the purposes of this study teacher beliefs are 

understood to be part of an integrated system which is subject to change in relation to context 

and experience (Fives & Buehl, 2008, 2012; Kagan, 1992a). Consequently, teachers may change 

their beliefs about various professional tasks, such as teaching science, based on socially 

negotiated knowledge and both personal and professional experience (Fives & Buehl, 2008; 

Bryan & Atwater, 2002; Pajares, 1992). The result is that generalist elementary teachers with 

varying amounts of professional experience may hold different beliefs about teaching science, 

reading, mathematics, and other subjects. 

Uniquely, science is a subject and a process of knowing. Scientific knowledge is 

represented in a specific way, so teachers’ beliefs about science will influence how they interpret 

science curriculum and approach instruction (Bryan & Atwater, 2002; Furtak & Alonzo, 2010; 

Tsai, 2010).  However, the causal relationship between beliefs and classroom decision-making is 

complex, for example, beliefs about student characteristics, content, and external influences will 

negotiate how teachers interpret science and represent science in the classroom (Bryan & 

Atwater, 2002; Hutner & Markman, 2016). An example of how these factors negotiate science 

instruction occurs when elementary teachers enact inquiry-based instruction but may only 

incorporate certain aspects of the approach, such as personal relevance, scientific uncertainty, 

critical voice, shared control, or student negotiation (Savasci & Berlin, 2012). In fact, studies 

found that teachers were frequently omitting scientific uncertainty and shared control in 

constructivist lessons because the greatest influencing factors were their beliefs about science as 

a body of knowledge, student behavior, and student ability in science (Furtak & Alonzo, 2010; 

Savasci & Berlin, 2012). In the specific context of science teaching, pedagogical knowledge is a 
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necessity, however, this knowledge alone is insufficient to be predictive of how teachers will 

enact curriculum, so science teaching efficacy and science teacher beliefs must both be 

considered when understanding elementary teachers’ approaches to science (Hutner & Markman, 

2016). 

Self-efficacy 

Woolfolk and Hoy (1990) argued there is a strong positive relationship between teachers’ 

perceived instructional efficacy and their instructional practices (Bandura, 1993; Riggs & Enoch, 

1990; Tschannen-Moran, Hoy, & Hoy, 1998). Avoiding science instruction feeds back into 

teachers’ perceived self-efficacy for teaching science because they are less likely to experience 

performance success, which is one of the central components of efficacy expectations (Bandura, 

1977; Buss, 2010). This personal efficacy expectation is defined by Bandura (1977) as “the 

conviction that one can successfully execute the behavior required to produce the outcomes,” (p. 

193). Bandura’s concept of self-efficacy is essential to understanding teachers’ performance and 

capacity for changing their practice because self-efficacy beliefs can be self-hindering or self-

aiding. In so that, self-efficacy beliefs derived from cognitive, motivational, affective, and 

selection processes inform an individual’s perceptions about their own abilities to achieve 

specific tasks (Bandura, 1997).  

Rather than being generalized, personal efficacy expectations are context and task 

specific and must be considered in conjunction with other variables affecting an individual’s 

performance (Bandura, 1977). For example, from the social learning theory perspective 

performance accomplishments are sourced for efficacy information along with vicarious 

experiences, verbal persuasion, and emotional arousal; which may attenuate or enhance personal 

efficacy expectations (Bandura, 1977). Ramsey-Gassert, Shroyer, and Staver (1996) theorized 
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that behavior can effectively be investigated with efficacy subscales, because “behavior is 

enacted when people not only expect certain behaviors to produce desirable outcomes, outcome 

expectancy, but also when they believe in their own ability to perform the behaviors, personal 

efficacy belief,” (p. 286). Self-efficacy provides a robust predictive measure of behavior as 

Bandura (1977) was able to demonstrate a significant correlation between a person’s assessment 

of their own capabilities in relation to particular actions and the actual performance of the action, 

and numerous studies have added to the refinement and understanding of this construct.  

Self-efficacy beliefs and beliefs about science teaching and learning potentially inform 

one another because they are both socially constructed and influenced by experiences; including 

professional growth or teacher development (Bandura, 1977; Lakshmanan, Heath, Perlmutter, & 

Elder, 2011; Pajares, 1992; Sandholtz & Ringstaff, 2011; Savasci & Berlin, 2012). In essence, 

personal and contextual experiences determine the magnitude and direction of teacher 

development, which also influences beliefs; particularly for generalist elementary teachers due to 

the fact that credential standards, past experiences with science, and grade level assignments will 

vary. Furthermore, classroom experience has been shown to increase professional self-efficacy 

and provoke changes in beliefs about teaching philosophy (Borko, 2004; NSDC, 2008). The 

exact nature of the relationship between these constructs needs to be clarified in terms of their 

influence on instruction so more targeted science education reform programs and policy can be 

developed; such as this research which provides an analysis of how K-2 teachers’ experience 

moderates their beliefs about science teaching and learning and science teaching efficacy to 

determine if these constructs are predictors of science instruction.  

Teacher Development 
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Overall, the literature provides a consistent definition of teacher development as a 

process of professional growth; commonly characterized by gains in pedagogical knowledge, 

pedagogical content knowledge, and learner knowledge (Borko, 2004; Eraut, 1977; Berliner, 

1988; Kagan, 1992b, Kini & Podolsky, 2016). However, the literature is less clear about the 

processes or mechanisms that drive teacher development, or the strength of experience as a 

moderator of teacher beliefs about instruction. Berliner (1988) outlined a generalized theory for 

teacher skill development consisting of five stages from novice to expert based on years of 

experience. Rather than being a strict step by step progression; this early model of teacher 

development defined some key characteristics of beginning teachers with little experience in 

contrast to their expert counterparts whom are well-experienced. Both novice and advanced 

beginner teachers tend to be inflexible and lack recognition of their personal responsibility to the 

outcomes of students in terms of both behavior and academic performance (Berliner, 1988). 

Competent teachers take responsibility for their classroom through curricular and instructional 

decision-making, and proficient teachers begin to recognize patterns across disciplines and 

situational contexts. According to Berliner, few teachers actually reach expert level in which 

fluidity and flexibility are the norm as these teachers consistently apply knowledge-in-action.  

Kagan (1992b) performed an extensive review of teacher development literature, or what 

she called the “learning-to-teach studies” which were limited to preservice and first year or 

beginning teachers, in order to infer an empirical model of teacher development. The terms 

teacher development and professional growth were considered synonymous and defined as 

“changes over time in behavior, knowledge, images, beliefs, or perceptions of novice teachers,” 

(Kagan, 1992b, p. 131). While Kagan’s review was restricted to preservice and beginning 

teachers, patterns emerged which allowed her to define characteristics of teacher development. 
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These characteristics include five factors of professional growth representing broad patterns of 

change in preservice and beginning teachers: 1) an increase in metacognition, 2) acquisition of 

knowledge about students, 3) shift in attention from self to students, 4) development of standard 

procedures, and 5) growth in problem-solving skills (pp. 149-153). These changes are indicative 

of the learning by doing process inherent in the teaching profession; however, Eraut (1977) 

argued that teacher development, while an organic process must be fostered and promoted within 

the teaching context. Furthermore, growth depends on reflection and discussion of phenomena in 

order to generate more comprehensive understanding and knowledge (Eraut, 1977). 

In fact, Little (1982) interviewed 105 teachers and 15 administrators to determine the 

underlying mechanisms of teacher development. Little found that teacher to teacher interactions 

provided the most frequent opportunities for reflection and knowledge gain among the 

participants, and argued that these types of interactions were a necessary form of continuous 

professional development. Specifically, Little theorized that teachers must frequently discuss 

their teaching practice to build a shared language, be observed regularly and given meaningful 

feedback, have agency in planning, researching, and evaluating curriculum materials, and 

explicitly teach each other about the practice of teaching (p. 336). Importantly, Little noted that 

teacher to teacher interactions could both promote and impede the growth of teachers. Similarly, 

Eraut (1977) contended that both the rate and direction of development were dependent not only 

on professional contact and discussion, but also on the personal knowledge and experience of the 

teacher. 

Understandably, teacher learning has remained a consistent concern of education 

researchers and policymakers prompting more recent examination and refinement of the 

processes and characteristics of teacher development. The NSDC (2008) utilized almost three 
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decades of teacher development research to develop a model which should serve as a guide to 

teacher educators, administrators, and mentors making decisions about how to best support 

teachers at various levels of experience. First year teachers are in the Survival stage. At this level 

of experience, teachers are struggling to define themselves as professionals, have limited control 

of the classroom, and a lower sense of self-efficacy (NSDC, 2008). Second year teachers are in 

the Consolidation stage in which they begin to realize a level of control in the classroom. 

Teachers at this stage become more concerned with meeting the needs of their students and 

developing procedures for classroom management. Additionally, teachers at this stage gain a 

sense of control and begin to regain levels of teacher efficacy (NSDC, 2008). In between years 3-

5, teachers enter the Renewal stage, and begin to focus on instructional practices, curriculum and 

methodology, and student learning (NSDC, 2008). Teachers at this stage characteristically have a 

strong sense of teacher efficacy. The Maturity stage, years 6 and beyond, is when teachers 

become highly interested in new resources and innovations. According to the NSDC (2008), 

teachers in the Maturity stage will begin to refine their beliefs about teaching and learning and 

hold both a strong sense of personal and professional efficacy. Therefore, in both the Renewal 

and Maturity stages stronger science teaching efficacy beliefs and reformed based science 

teaching philosophies would be developed translating into more time spent on science 

instruction. Although, this model partitions years of experience into discrete stages without 

addressing specific subject areas; therefore this research will add to the teacher development 

literature by considering years continuously to determine patterns in science teaching and 

learning beliefs and the impact on science instruction.  

Literature Review 
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Disturbingly, recent education policy reports have found that science is being taught less 

frequently at the elementary levels than it was just a decade ago (ECS, 2017; NRC, 2007). This 

suggests that there are some significant teacher factors influencing the implementation of 

effective science instruction. The broad aim of this study is to gain understanding about teacher 

characteristics which likely impact the quantity and quality of elementary science instruction 

(Blank, 2013; ECS, 2017; Trygstad, 2013). Elementary teachers hold generalist certifications; 

which means they are expected to have extensive knowledge in each of the core subjects 

(reading, writing, mathematics, and science) in relation to multiple grade levels (EC-4 or EC-6). 

However, teachers’ attitudes and beliefs towards different subjects within K through 5th is 

significantly different with the early elementary teachers expressing science has both their least 

favorite and least enjoyed subject (Wilkins, 2009). So reasonably, teacher efficacy and teacher 

beliefs have been significant strands of teacher research in the past two decades, and many 

studies have described preservice and beginning teachers’ perceptions of science and methods 

for increasing science teaching efficacy beliefs. Notably, this dissertation is significant because 

there is less research focused on in-service teachers, and few studies differentiate the elementary 

teacher population into early elementary teachers (K-2) and upper elementary (3-5).  

Also, teacher development research has reemerged and provided empirical evidence that 

teachers continue to show performance growth in instruction past the initial five years and 

beyond ten years of experience. Unfortunately, these studies are restricted to mostly mathematics 

and reading performance leaving science instruction largely unexamined (Papay & Kraft, 2015; 

Papay, Taylor, Tyler, & Laski, 2016). There is evidence that teacher efficacy, teacher beliefs, 

and teacher development are each influential to science teaching in the elementary classroom; 

therefore, it is imperative for teacher educators, professional developers, and administrators to 
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examine any relationships between these three concepts. The relevant literature examined to 

explore issues of elementary science instruction included science teaching efficacy, science 

teacher beliefs, and teacher development.  

Science Teaching Efficacy 

Preservice and beginning elementary teachers’ perceptions of their ability to effectively 

teach science has been well-researched from the perspective of self-efficacy, although there are 

few studies explicitly examining the K-2 teacher population. Much of the research literature 

comprises quasi-experimental approaches with pre/post measures of science teaching efficacy to 

determine the impact of science focused professional development. These studies have found 

that K-2 teachers report significant increases in science teaching efficacy as a result of intensive, 

supportive science instruction-focused professional development; however, fidelity is low after 

the support has been removed and in some studies there is no change in quantity of science 

instruction at these early grade levels despite increases in science teaching efficacy beliefs 

(Eshach, 2003; Lakshmanan et al., 2011; Lederman & Lederman, 2004; Sandholtz & Ringstaff, 

2016; Swackhammer et al., 2009).   

Teachers’ efficacy beliefs relate to their effort and behavior in the classroom (Takahasi, 

2011; Tschannen-Moran & Hoy, 2001). For example, based on Bandura’s self-efficacy 

conceptual framework, Mintzes, Marcum, and Messerschmidt-Yates (2013) noted high self-

efficacy levels are found in teachers which reported having a strong science background and 

tended to engage in reforms-based teaching practices. Mastery experiences, verbal persuasion, 

vicarious experiences, and emotional and physiological states influence the development of two 

constructs, personal efficacy and outcome expectancy, theorized to mediate behavior as central 

components of self-efficacy theory (Bandura, 1997; Williams, 2010). Mastery experiences have 
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the greatest effect, and for teachers these experiences can occur during their preservice field 

experiences, professional development, or interactions with colleagues (Lavigne, Mutch-Jones, 

& Demers, 2014; Little, 1982; “Self-Efficacy”, 2013). Importantly, teacher efficacy has been 

defined as domain specific, therefore, experiences related to context and subject matter are 

highly influential (Bandura, 1997; “Self-Efficacy”, 2013). Consequently, “in order to be useful 

and generalizable, measures of teacher efficacy need to tap teachers’ assessments of their 

competence across the wide range of activities and tasks they are asked to perform,” (Tschannen-

Moran & Hoy, 2001, p. 795). Due to the influence of experiences and task specific nature of the 

constructs, elementary teachers’ efficacy in science is subject to change over time and is relevant 

to their performance in the classroom because teachers with high efficacy have more positive 

impacts on student learning, as well as more agency in professional growth (Ghaith & Yaghi, 

1997; Harlen, 1997; Swackhamer et al., 2009). However, there is a lack of research concerning 

the changes in science teaching efficacy beyond the beginning years of teaching.   

Buss (2010) explored elementary teachers’ science teaching beliefs and contextually 

referred to “self-efficacy [as] the level of competency an individual expects to attain when 

teaching elementary content material,” (p. 291). Buss (2010) had over three hundred preservice 

elementary teachers complete a self-efficacy instrument to determine their beliefs about teaching 

specific content areas and ability to help students successfully learn the content; and while 

several patterns emerged from the data, the lowest self-efficacy beliefs were reported for science 

content. Low efficacy teaching beliefs are linked to negative impacts on student learning and 

achievement (Harlen, 1997; Lavigne et al., 2014). During the preservice experience, elementary 

teachers have enthusiasm and optimism towards their classroom teaching, but upon entering their 

first year of teaching this efficacy sharply decreases effecting their instruction (Ginns & Watters, 
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1999; Plourde, 2002). In alignment with self-efficacy theory, factors influencing this decline in 

science teaching efficacy include cooperating teachers, instructional time for science, and 

availability of materials and resources (Plourde, 2002). This decline is defined in the stages of 

teacher development as the first year or Survival stage, marked by low teaching efficacy which 

theoretically rebound as new teachers gain experience in the classroom and professional 

development.  

According to Lakshmanan et al. (2010) “teacher beliefs have been shown to have a strong 

positive correlation to instructional practice, [and] an important goal of professional development 

should be to influence teacher beliefs,” (p. 534). Hence, professional development increases 

teacher efficacy, and this may encourage positive changes in teacher behavior and then on 

towards greater student achievement (Lakshmanan et al., 2010). Powell-Moman and Brown-

Schild (2011) used multiple measures to determine how involvement in a two-year professional 

development program focused on inquiry-based science instruction both increased science 

teaching efficacy beliefs and changed instructional practices. Results indicated that sustained 

participation positively affected science teaching efficacy beliefs and participants reported a 

change in instructional practices (Powell-Moman & Brown-Schild, 2011). Sandholtz and 

Ringstaff (2011) similarly found that sustained science-focused professional development 

positively affected elementary teachers’ science teaching efficacy beliefs, but also found that 

while the participants had higher levels of science teaching efficacy there was no change in the 

amount of science instructional time. In other words, the teachers were more confident of their 

ability to effectively teach science, but the increased confidence in their abilities did not translate 

into science being equivalently focused on as literacy and mathematics (Sandholtz & Ringstaff, 

2011). Professional development and positive teaching experiences are required to enhance 



 Texas Tech University, Angela Schroeder, December 2019 

38 
 

science teaching efficacy, but based on the vast contextual differences elementary teachers work 

in there needs to be a more clarity about how experience moderates efficacy and instruction. 

 Klassen and Chiu (2010) surveyed 1,430 teachers of all grade levels to examine how 

teachers’ self-efficacy is related to years of experience. The researchers’ analyzed responses 

from the Teacher Self-Efficacy Scale instrument and found that teachers’ self-efficacy was 

related to years of experience, but showed a nonlinear relationship. Classroom management, 

instructional strategies, and student engagement self-efficacy increased from 0 to 23 years of 

experience and declined after 23 years. This research contrasts the more widely held belief that 

these changes are restricted to beginning teachers, and is corroborated by more recent teacher 

development research indicating that teachers continue to develop into the Maturity stage as 

measured by student achievement after the more noticeable increase in performance that happens 

within the first five years (Papay & Kraft, 2014). While research supports the condition that high 

efficacy beliefs garner more effective science instruction, there is a lack of research specifying 

changes in science teaching efficacy beliefs for in-service elementary teachers at different stages 

in their career. This gap in the literature is addressed by this study and may help stakeholders 

understand why elementary science instructional time is decreasing and is less effective than 

math and literacy instruction. 

Science Teacher Beliefs 

Eshach (2003) argued that one “fundamental factor, that is often discarded in existing 

literature, and may explain the elementary school teachers’ behavior in regard to science 

teaching is their belief system,” (p. 496). Silvern and Isenberg (1990) proposed teacher thinking 

and teacher beliefs are highly relevant avenues of research to provide an understanding of how 

teacher behavior relates to decision-making and student achievement. Essentially, teaching 
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practice is influenced by teacher thinking, teaching is guided by personal thoughts, decisions, 

and beliefs, and teaching is a complex, process of higher-level decision-making (Hutner & 

Markman, 2016; Silvern & Isenberg, 1990). In other words, teachers are not curricular 

technicians, but rather thoughtful professionals whose professional thinking “may be guided by a 

personally held system of beliefs, values, and principles,” (Silvern & Isenberg, 1990, p. 324). 

More to the point, Pajares (1992) considered beliefs to be instrumental to defining tasks and 

selecting cognitive tools for planning and decision-making (p. 323). Beliefs about teaching and 

learning science, while complex, are influential to how individual teachers interpret curriculum, 

perform instruction, and prioritize learning (Bryan, 2003; Furtak & Alonzo, 2010; Hutner & 

Markman, 2016). Teacher beliefs are defined as personal constructs connected to a larger system 

of beliefs that remain stable over time and act to filter knowledge and unfamiliar situations. 

Science teacher beliefs are set within a larger system of beliefs that interact with the cognitive 

processes and behaviors of elementary teachers as they enact science instruction (Hutner & 

Markman, 2016; Savasci & Berlin, 2012; Tsai, 2010).   

There are numerous science teacher belief studies examining preservice elementary 

teachers’ beliefs and changes in beliefs after either a science methods course or clinical teaching 

experiences; therefore, specific grade level beliefs are not examined so it is beneficial to define 

science teacher beliefs for early elementary teachers. In general, elementary certified teachers 

hold dualistic or nested beliefs about; how children learn science, the role of the science student, 

and the role of the science teacher (Bryan, 2003; Kazempour, 2014; Tsai, 2010). Predominantly, 

elementary teachers’ believe science should be taught with equal importance as other core 

subjects, like literacy and mathematics, however, observations, interviews, and other data 

sources reveal that these beliefs do not necessarily impact science instructional time (Czerniak & 
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Lumpe, 1996; Kazempour, 2014; Thomas & Pederson, 2003; Savasci & Berlin, 2012). For 

example, using a single case study method, Bryan (2003) examined the belief system of a 

preservice elementary teacher in order to understand the development of science teaching and 

learning. The elementary teacher candidate was enrolled in a science methods course, and 

recalled positive science experiences as a science learner. The researcher performed interviews, 

observed science teaching, and analyzed reflections of how the candidate’s ideas were changing 

in order to determine how her beliefs developed and how those beliefs influenced her teaching 

practice. The participant felt that elementary science was neglected relative to other subjects and 

wanted to approach her science teaching using inquiry-based methods, but failed to implement 

those desired approaches. Fundamentally, the candidate wanted her students to experience 

science and gain science content knowledge, but she also held strong beliefs about the role of 

teacher controlling social behavior, procedure, and learning (Bryan, 2003). The dualistic or 

nested nature of science teacher beliefs suggest that other beliefs, such as teaching efficacy, may 

influence how teachers act on those beliefs in the context of the classroom.   

Savasci and Berlin (2012) used a case study method; with data from interviews of 

teachers from grades 5th grade to high school, student demographics, and responses to the 

Classroom Learning Environment Survey, to investigate teacher beliefs about science teaching 

and classroom practice. Data was collected from four teachers from two different schools, and it 

was found that three out of four teachers implemented teacher-centered science instruction; yet 

all four teachers reported that they practiced constructivists-based science instructional methods 

(Savasci & Berlin, 2012). Interestingly, all four teachers also reported that student behavior and 

ability were the largest factor in their decisions about teaching practice. Beliefs operate in 

conjunction with classroom contexts, which may include student abilities, school resources, and 
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instructional strategies to guide how teachers view, plan, and respond to science instruction 

linking behavior to beliefs (Bryan & Atwater, 2002; Hutner & Markman, 2016; Thomas, 

Pedersen, & Finson, 2001). Therefore, beliefs about teaching ability; or science teaching efficacy 

beliefs, are nested with beliefs about students and how students learn science implicating both 

self-efficacy and science teacher beliefs as factors influencing teachers’ behavior concerning 

science teaching (Bryan, 2003; Kazempour, 2014; Suchodoletz, Jamil, Larsen, & Hamre, 2018).  

However, the connection between beliefs and efficacy is challenged by teachers’ 

conceptions of and definition of reforms-based teaching. The meaning of inquiry-based science 

teaching is highly influential to the enactment of these instructional methods, and these 

approaches have evolved over the past three decades confounding teachers’ beliefs about 

teaching science using reforms-based methods (Furtak, Seidel, Iverson, & Briggs, 2012). Furtak 

and Alonzo (2010) used video recordings and researcher observations of 28 third grade teachers 

to gain insight to teachers’ interpretations and beliefs of reforms-based practices. Teachers’ 

views and interpretations of inquiry learning in science significantly influenced the ways in 

which these instructional approaches were enacted in the classroom (Furtak & Alonzo, 2010). 

The authors of the video study found that the teachers used various terms common to describing 

inquiry-based methods to refer to their existing practices, which were not necessarily consistent 

with reformed approaches. This contradiction may be explained by the presence of dualistic 

beliefs about the control of learning, which Bryan (2003) noted in the case study above, and Tsai 

(2010) found in a qualitative study of 37 Taiwanese teachers. Tsai found that the majority of the 

interviewees held traditional beliefs about science learning and teaching, and posited that these 

beliefs were nested epistemological beliefs about science pedagogy and science as a subject 
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matter. Therefore, research is needed to further understanding about the connections between 

science teaching efficacy and beliefs about reformed science teaching and learning. 

Teacher Development  

Teacher development research is broadly applied to K-12, elementary, or secondary 

teachers with no studies explicitly describing the development of early elementary teachers in 

relation to science teaching. NSDC (2008) created a model of teacher development based on the 

available research and determined that, generally, teachers progress through four stages of 

professional growth. Survival, Consolidation, Renewal, and Maturity stages each have 

implications to a teacher’s sense of efficacy and instructional approach. However, these stages 

have limited information about changes in efficacy and instructional beliefs beyond six years of 

experience, as the Maturity stage groups a large percentage of teachers as those with six or more 

years of experience. This “cut-off” presumes that teachers maintain high efficacy beliefs and 

motivation for innovative instruction as they remain in the classroom, and an additional 

limitation of this model is that domain specific areas are not analyzed. Therefore, it would be 

difficult to ascertain the level of science teaching efficacy beliefs and beliefs about science 

teaching and learning using the characteristics of these stages. However, the literature is in 

agreement that experience heavily influences professional growth, and that contextual factors are 

paramount to the direction and magnitude of growth, particularly for science (Appleton & Kindt, 

2002; Eraut, 1977; Kagan, 1992; Little, 1982; Plourde, 2002). Teacher development, while 

described as a natural process, is also dependent on the types of support accessible to teachers 

which help shape teacher beliefs (Borko, 2004; Eraut, 1977). Due to the variation in teacher 

preparation and teacher context, a teacher’s development in science teaching and learning may 

look different than a teacher’s development of other subject domains. There is not much research 
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focused on elementary teacher development in science, perhaps because science is typically not a 

tested subject in the early grades.    

One of the more challenging aspects of studying and understanding teacher development 

is the longitudinal requirements; although, some studies were able to take this approach and 

found that teacher beliefs tend to be stable over time, beliefs about student abilities and behavior 

remained fundamental to instructional decision-making, and teaching efficacy increased in terms 

of general pedagogical skills (Mulholland & Wallace, 2005; Parsons, Vaughn, Malloy, & 

Pierczynski, 2017; Smith & Neale, 1989). The implications for science teaching are less clear, 

but a few studies indicate teachers’ views of science teaching and learning remain stable whether 

traditional or reformed; although sustained collaboration with colleagues, professional 

development, and support can impact efficacy beliefs (Borko, 2004; Schneider & Kipp, 2015; 

Suchodoletz, Jamil, Larsen, & Hamre, 2018). On the other hand, Papay and Kraft (2014) argued 

that previous teacher development research has employed statistically biased methods 

downplaying the upward trend of performance for teachers with more than ten years of 

experience. These authors viewed performance as K-12 teacher effectiveness related to student 

achievement on standardized reading and mathematics assessments, and then developed a new 

model which addresses some of the bias issues found in previous studies by using a large sample 

size of publicly available data. Papay and Kraft applied their model iteratively in comparison 

with the previous models. This method confirmed the rapid improvement of beginning teachers, 

but also indicated that teachers continue to develop beyond the initial five years and beyond ten 

years in the classroom. This research provides a platform for investigating more nuanced groups 

of teachers in terms of changes in self-efficacy and beliefs about science teaching and learning.  
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Wolters and Daugherty (2007) surveyed 1,024 pre-K-12 teachers to investigate the 

relationship between classroom goal structures, self-efficacy, and teaching experience. In 

contrast to Klassen and Chiu (2010), this study indicated that only self-efficacy for instruction 

and management was significantly, albeit modestly, effected by teacher experience, and these 

effects were limited in that there were no differences as experience increased (Wolters & 

Daugherty, 2007). Unfortunately, the study did not elaborate on the parameters of high levels of 

experience. Adding to these findings, Suchodoletz et al. (2018) used classroom observations and 

interviews to study the change in self-efficacy beliefs of in-service teachers across multiple 

years. This multiyear study of 341 preschool teachers found that self-efficacy beliefs increased 

over time, beyond five to ten years, and that contextual factors such as student behavior were 

related to changes in efficacy. However, for teacher development to promote high efficacy in 

science teaching and implementation of reforms-based instruction elementary teachers’ must 

reconcile their beliefs about the teacher they want to become with the demands of teaching in an 

elementary classroom (Appleton & Kindt, 2002; Tsai, 2010). Overall, teacher development 

studies highlight the dynamic nature of self-efficacy beliefs and suggest that teachers’ 

experiences and beliefs are influential to practice, but more research is needed to describe and 

understand how elementary teachers develop as science teachers throughout their career. 

Conclusion 

A thorough examination of the literature has revealed that teachers’ self-efficacy beliefs 

improve over time and are influential to practice, but are dependent on various contextual 

factors. Teacher beliefs about learning also appears to influence practice, but there is not a clear, 

broad understanding of elementary teachers’ beliefs about science teaching and learning and if 

years of experience moderates those beliefs in relation to science instruction. Additionally, 
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science teaching efficacy beliefs for practicing teachers beyond the initial years of teaching has 

not been examined because up until recently only beginning teachers were thought to be 

significantly impacted by classroom experience. However, more recent research has indicated 

that efficacy beliefs continue to change beyond those early years and deeper into a teacher’s 

career as they gain even decades of experience but those studies are restricted to general teacher 

efficacy or in the context of reading and mathematics (Klassen & Chiu, 2010; Papay & Kraft, 

2014; Sandholdtz & Ringstaff, 2011; Suchodoletz et al., 2018). The proposed research is 

significant because elementary science instruction is decreasing, even though instructional time 

is positively associated with student achievement and practicing teachers’ beliefs about science 

teaching and learning may influence the quantity and quality of science instruction. Furthermore, 

there are few studies focused on science as a specific domain of efficacy and teaching beliefs, 

and how those constructs are moderated by classroom teaching experience. Even though the 

literature suggests that as elementary teachers gain experience their performance and self-

efficacy increases, the research broadly applies findings from K-12. So, specifically examining 

the generalist early elementary teacher population will be beneficial. Also, while experience has 

been shown to be an important moderator of performance there are no current studies modeling 

how domain specific beliefs and instruction are influenced by experience and other teacher 

factors. This study will address that gap using surveys to explore relationships between science 

teaching efficacy beliefs, beliefs about reformed science teaching and learning, science 

background, years of experience, and science instruction time.       
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CHAPTER III 

METHODOLOGY 

The purpose of this study is to investigate to what extent years of classroom experience 

moderates the relationship between science teaching philosophy, science teaching efficacy 

beliefs, and time spent on science instruction. Currently, early elementary science instruction 

occurs less frequently than other subjects and tends to be more teacher-centered rather than 

reforms based (e.g. reading and mathematics), which directly impacts student learning and later 

interest in science (Akerson et al., 2011; Blank, 2013; DeJarnette, 2012; Madden & Weibe, 

2013; Sowder & Harward, 2011). Science teaching efficacy and teacher beliefs about science 

teaching and learning have been shown to be correlated to teachers’ enacted curriculum; for 

example, those with low science teaching efficacy and traditional science teaching philosophy 

tend to avoid science instruction or rely on a prescribed curriculum which use teacher-centered 

methods (Furtak & Alonzo, 2010; Ghaith & Yaghi, 1997; Madden & Weibe, 2013; Sandholtz & 

Ringstaff, 2011). However, only focusing on increasing science teaching efficacy beliefs has not 

resulted in changes in the quality and quantity of science instruction at the elementary levels 

(ECS, 2017; Sandholtz & Ringstaff, 2011; Trygstad, 2013), which suggests that there are other 

factors moderating the relationship between teacher beliefs and science instruction.   

A thorough review of the literature revealed that efficacy beliefs are more understood in 

the context of preservice teachers rather than in-service teachers, and the research on elementary 

teachers’ beliefs about science teaching and learning is limited (Darling-Hammond, Hyler, & 

Gardner, 2017; Mulholland & Wallace, 2005). Additionally, the majority of U.S. public school 

elementary teachers hold generalist teacher certifications and are qualified to teach multiple 

grade levels; however a report published by the National Council on Teacher Quality (NCTQ) 
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(2016) found that only 5 percent of EPPs ensured that candidates were adequately prepared with 

significant content knowledge in all core subjects. Therefore, this study examined the in-service 

teacher population as a means of identifying the more complex relationships that may create 

barriers to the implementation of innovational science instruction. In addition, because there is a 

growing interest in funding support programs and training for teachers to improve science 

instruction, specifically to implement reforms-based methods (ECS, 2017), it is necessary to 

describe the science teaching philosophy of elementary generalists and potential effects science 

background and classroom experience has on time spent teaching science.  

In order to develop an operative inquiry of this issue, this research was based on the 

following conceptual frameworks: teacher beliefs, self-efficacy, and teacher development. 

Beliefs are formed throughout a person’s life and some remain steadfast while others change 

over time as more complex belief systems develop (Rokeach, 1968), and teachers’ decision-

making is continually filtered and informed by their beliefs. These beliefs are based on 

background experiences and may be impacted by new experiences. Similarly, self-efficacy 

beliefs are developed through experiences, but instead relate to how an individual perceives 

themselves as capable of completing specific tasks and effecting outcomes (Bandura, 1977). 

Experience is the hallmark of teacher development, or professional growth, which is predicated 

on teachers’ learning by doing; such as teaching science, reading, and mathematics within their 

school environment and assigned grade level. Therefore, the variables of interests in this non-

experimental study include science teaching efficacy beliefs, beliefs about reformed science 

teaching and learning, science background, and years of classroom experience. 

Restatement of the Research Questions 



 Texas Tech University, Angela Schroeder, December 2019 

48 
 

The research problem, conceptual framework, and purpose led to the overarching 

research question and sub-questions: does classroom experience moderate relationships between 

science teaching efficacy and science teaching philosophy to infer rates of weekly science 

instruction when controlling for science background?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between PSTE and rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between STOE and rate of weekly science instruction?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about how people learn and rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about lesson design and implementation and rate of weekly 

science instruction?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about characteristics of teachers and the learning environment and 

rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about the nature of the science curriculum and rate of weekly 

science instruction?  

The remainder of this chapter includes a description of the research design, data 

collection procedures, and the instruments used to measure the key variables. This is followed by 

the population, sample, and procedures with a description of the methods of analysis. The chosen 
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methods allowed the researcher to investigate early elementary teacher beliefs within the specific 

domain of science teaching and learning. Elementary science is foundational to student interest 

and achievement in science (DeJarnette, 2012; ECS, 2017); therefore understanding more about 

the relationship between science teaching philosophy, science teaching efficacy beliefs, years of 

experience, and science background is an important step in strengthening elementary science 

instruction.  

Research Design 

This quantitative study utilized a cross-sectional, nonexperimental survey design in order 

to obtain data from in-service early elementary teachers with a broad range of classroom 

experience and varied science background (Creswell, 2009; Johnson, 2001). Currently assigned 

Kindergarten, first, and second grade public school teachers were recruited using two different 

methods; email and Facebook groups, to respond to an anonymous online survey consisting of 

demographic questions and items from the BARSTL and STEBI. Latent variables, such as 

teacher beliefs, cannot be directly measured, but can be inferred when operationalized with a 

specific domain such as science teaching (Pajares, 1992). Reasonably, the majority of studies 

regarding teacher beliefs about science have utilized qualitative methods, such as case study; 

which limits the generalization of results to a broader population due to the small sample size. 

Qualitative designs have provided rich descriptions of teacher beliefs about science in specific 

contexts, but there is a need for quantitative studies that enable researchers to draw conclusions 

from larger sample sizes. Thus, a quantitative survey method was chosen in order to collect data 

from a larger sample size, enable the researcher to describe elementary teachers’ beliefs about 

science instruction, and explore the moderation effects of other factors. 
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Descriptive analysis and moderated multiple regression methods were chosen to 

investigate the relationships between the latent variables; science teaching beliefs and science 

teaching efficacy, and the outcome of science instruction time with science background as a 

covariate and experience as a moderating variable. The NSDC (2008) teacher development 

framework points to years of experience as positively impacting teacher efficacy and stimulating 

changes in teaching philosophy; which strongly suggests that years of classroom experience 

moderates both of the latent variables. When considering science instruction in elementary, 

Sowder and Harward (2011) found that science is frequently omitted from weekly instruction in 

elementary classrooms because there is a lack of external accountability for science as a subject 

and a presence of high accountability for math and reading. This accountability may vary based 

on the school context and grade level, suggesting that primary grade level/s should be 

investigated to understand how teacher experience is influencing science instruction. Teachers’ 

science background, which in this study was measured as the number of science courses taken 

while enrolled in an EPP, will be included in the model as a co-variate. Since science content 

knowledge effects both science teaching efficacy and beliefs about science teaching and 

learning, treating science background as a co-variate will enable the model to more clearly 

investigate the power years of experience has on the outcome (Buss, 2010; Kane & Varelas, 

2016).  

This study deviates from other research of early elementary teachers because it will both 

describe and explore science teaching beliefs and frequency of science instruction for non-tested 

grade levels rather than focusing on reading or mathematics. The purpose of the study was to 

investigate how classroom experience within the early elementary context effects the relationship 

between both science teaching beliefs and science teaching philosophy on science instructional 
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time. Moderated multiple regression (MMR) analysis provided a lens for investigating how the 

subscales for both science teaching efficacy beliefs and science teaching philosophy impacts rate 

of weekly science instruction and at what levels they are dependent on teaching experience in 

terms of an interaction effect; which describes “the relationship between two variables, or the 

effect of one variable on a second one, [as it] depends on the value of a third (moderator) 

variable,” (Aguinis & Gottfredson, 2010, p. 776). Specifically, teacher beliefs about science 

teaching, as measured by science teaching efficacy and science teaching philosophy, may impact 

time spent on science instruction, but a more complex relationship between a teacher’s science 

background, years of experience, and beliefs could provide a more accurate explanation of 

science instruction decision-making. MMR determines these interaction effects by creating two 

ordinary least squares regression equations to test the effect of predictors “X”, “Z”, and “XZ” on 

the outcome of “Y” where “X” is the independent variable and “Z” is the moderating variable 

(Aguinis & Gottfredson, 2010; Hayes, 2012). Moderation models test the strength of the 

conditional effect of “Z” on “X” to more accurately predict the outcome (Hayes, 2017). In other 

words, these models allow researchers to examine additional conditions to theories describing 

relationships between variables (Hayes, 2017). Consequently, important to consider throughout 

the research process and in developing and analyzing the moderation models was that the 

specification of the model be solidly based on theories of early elementary teachers’ beliefs; 

science teaching efficacy, beliefs about reformed based science teaching, and teacher 

development (as shown in Figure 1).   

Context of the Participants 

In the U.S., public school elementary teachers typically hold generalist teacher 

certifications in order to teach a range of primary grade levels (K-6). Certification requirements 
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vary by state and educator preparation program (EPP), however, the successful completion of an 

EPP and passing of state teacher exams labels these teachers as prepared to teach all core 

subjects; reading, mathematics, social studies, and science, for those certified grade levels. 

Notably, not all elementary grade levels have accountability measures for all core subjects and 

the early elementary grade levels require a heavy focus on reading and mathematics as in most 

states these subjects are assessed annually beginning in third grade compared to science 

assessments which are delayed until fourth or fifth grades (see Table 1).  

  Table 1 

Core Subjects Required State Accountability Assessments by Elementary Grade Level  

 

 K-2 3rd 4th 5th 

Reading/ELA AR, LA, MI, 

MS 

All 50 States All 50 States All 50 States 

Math  All 50 States All 50 States All 50 States 

Science  Optional in AR AL, AK, AZ, 

AR, HI, IN, 

KY, MI, NJ, 

NY, ND, PA, 

SC, UT, WI, 

WY 

CA, CO, CT, DE, 

FL, GA, ID, IL, 

IA, KS, ME, MD, 

MA, MN, MS, 

MO, NH, NC, OH, 

OK, OR, RI, SD, 

TX, VT, VA, WA, 

WV 

Social studies  LA, NM WI OR, SC 

 

This data suggests that early elementary teachers are less accountable for teaching science on a 

regular basis because there are no formal assessments prior to fourth grade. Consequently, these 

teachers are most likely lacking opportunities to gain experience with grade level science content 

and science pedagogy, resulting in elementary teachers reporting lower science teaching efficacy 

beliefs. Perpetuating this trend, studies have also found that elementary teachers avoid teaching 
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science or teach science infrequently (Sowder & Harward, 2011; Blank, 2013) and tend to hold 

traditional beliefs about science teaching and learning (Trygstad, 2013).  

In fact, the most recent National Survey of Math and Science Education (2012) reported 

that elementary students receive a sparse one to three hours of science instruction weekly. 

Trygstad (2013) assessed the general characteristics of the K-2 population as lacking in science 

coursework with few elementary teachers holding science degrees and less than half reported 

feeling “very well prepared” to teach most science disciplines (see Table 2).  

  Table 2 

K-2 Teacher Characteristics of Science Preparation and Perceptions of Teaching Science  

  Percent (based on 2012 

NSSM sample of 438 K-2 

teachers) 

Science Coursework Life Science 

Earth/Space Science 

Chemistry 

Env. Science 

Physics 

Engineering 

Science Education 

Student Teaching 

92 

66 

47 

33 

31 

1 

88 

72 

EPP Type Traditional 4-yr 

Post-Bac w/ Master’s 

Post-Bac no Master’s 

69 

24 

7 

Science Degrees Science/Engineering 

Science Education 

Science Ed with Science 

2 

1 

3 

Perceptions of Preparedness 

by Subject 

(Very Well Prepared) 

Reading/ELA 

Math 

Science 

Social Studies 

86 

78 

44 

43 

Perceptions of Preparedness 

by Discipline 

(Very Well Prepared) 

Life Science 

Earth Science 

Physical Science 

Engineering 

32 

28 

16 

3 

Note. Data for characteristics of K-2 teachers compiled from National Survey of Science and 

Mathematics Education: Status of Elementary School Science (Trygstad, 2013). 
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The current pattern on required science assessments and accountability measures combined with 

the general characteristics of the elementary teacher population likely contribute to the declining 

rate of elementary science instruction. However, these data do not take into consideration how 

years of experience may change teachers perceptions and beliefs about science teaching and 

learning, and teacher educators, administrators, and professional developers would benefit from a 

more accurate description of the strength of those factors that influence science instruction. 

Essentially, elementary teachers hold greater autonomy concerning science instruction compared 

to those subject areas that are tested progressively throughout the primary grade levels indicating 

that science instruction may be significantly influenced by individual beliefs and experience; 

including the science background of the teacher, and classroom experience. 

Population. In-service early elementary teachers, which in this study are defined as K-2 

classroom teachers currently employed in U.S. public schools, were recruited to complete the 

survey. In most states, including Texas where the research was conducted, teacher certifications 

are structured to include a range of academic levels; such as the Early Childhood to 6th grade (EC-

6) certification. An individual with this type of certification has completed an accredited program 

and state testing requirements to become a Kindergarten through sixth grade classroom teacher. 

While the candidate may have a preferred grade level assignment, these certified teachers may be 

employed by school districts to teach this wide range of grade levels. These teachers are mostly 

generalists, meaning they take content and methodological courses in all core subjects; the exact 

number of courses varies by program making number of science courses a moderating variable.  

In 2015-2016 there were 1.9 million elementary teachers teaching full or part-time in 

U.S. public schools (NCES, 2018). Nationwide females make up the majority of this population 

at 89%, and 84% of teachers at both elementary and secondary levels are White (NCES, 2018). 
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Currently, 10% of the total population of elementary teachers are in the Survival or 

Consolidation stage with less than three years of experience, and 28% would be in either the 

Renewal stage moving into the Maturity stage or in the Maturity stage with 3 to 9 years of 

experience (NCES, 2018). Therefore, the bulk of the population, 68% are in the Maturity stage 

and would be assumed to hold high self-efficacy beliefs and positive beliefs about innovational 

instruction practices (NCES, 2018; NSDC, 2008).      

Sample. Convenience sampling was accomplished using a two-tiered approach to ensure 

data was collected from teachers with a wide range of classroom experience and contexts. 

Specifically, a two-tiered approach was used to increase the number of survey responses as 

online surveys typically have a low return rate and exhibit quality issues such as significant 

amounts of missing data. First, teachers were recruited from within three west Texas school 

districts allowing the researcher direct access to participants and a population of teachers with a 

diverse range of classroom experience. Second, members of closed Facebook groups created for 

“elementary teachers”, “kindergarten teachers”, “first grade teachers”, and “second grade 

teachers” were recruited to complete the survey.  

Overall, the survey was relatively lengthy and contained a total of 64 items; it was 

estimated to take 12 minutes to complete. This may have resulted in some participants skipping 

numerous items, while others only completed the demographic questions. A respondent 

experienced the survey in three sections: 1) demographic, 2) STEBI, and 3) BARSTL. While 

screening and cleaning the data, a missing data analysis revealed that all participants completed 

the demographic section, while cases with missing data fell into two categories: 1) those that 

completed the demographic and STEBI sections but skipped the BARSTL entirely and 2) those 

missing some data at random. In fact, of the total respondents the completion rate for the STEBI 
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portion was 68% and 54% for the BARSTL items. Cases with missing data were excluded from 

the analysis because each instrument was analyzed based on the summed scores of the subscales 

using a multilevel model, therefore missing data may have a significant impact on the results 

(Field, 2013). Also, the macros PROCESS does not include a procedure for handling missing 

data and will perform listwise deletion during analysis (Hayes, 2017).    

Of the 145 respondents that began the survey, 96.6% were female and only were 3.4% 

male. Among the total responses, 78.1% identified as White/Caucasian, 15.6% as Hispanic, 

0.03% as Asian, 0.03% as African American, and the remainder did not identify race or 

ethnicity. The grade level/s taught reported were 28.3% kindergarten, 31.7% first grade, 48% 

second grade, and 6.9% reported other grade levels. This sample had a mean of 12.1 years of 

classroom experience with a minimum and maximum of 0.5 to 47 years in the classroom. The 

majority (75.2%) of the sample completed a university-based, traditional undergraduate educator 

preparation program, 20.7% earned teacher certification through alternative EPPs, and only 4.1% 

of the sample completed a post-baccalaureate EPP.  

Procedure for Recruiting Participants. After appropriate permissions were obtained 

from district superintendents, 53 campus principals were emailed about the study including 

information to be sent to teachers. Utilizing campus websites, 575 K-2 grade level teachers’ emails 

were saved in folders to enable the efficient dissemination of the recruitment email, with a link to 

the survey and subsequent survey reminder emails. This communication clearly explained that the 

responses were completely anonymous, participation was voluntary, and any questions may be 

skipped at the discretion of the respondent. The researcher utilized Facebook to contact 

administrators of teacher groups formed for “elementary teachers”, “kindergarten teachers”, “first 

grade teachers”, and “second grade teachers”. Nine administrators responded and added the 
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researcher’s Facebook profile to the teacher groups so that the information about the study, 

consent, and survey link could be posted. The link was provided by the SurveyMonkey platform 

from the researcher’s password protected account and all privacy settings were enabled to ensure 

the anonymity of participants. 

Instruments  

In order to address the research questions, the items on the BARSTL and the STEBI were 

combined for the convenience of the participants but organized into different sections. These 

instruments were developed specifically to measure beliefs about science teaching and learning 

(science teaching philosophy) and science teaching efficacy beliefs. The first section of the 

survey contained items to determine teacher characteristics; including current grade level 

assignment, type of teacher preparation program (traditional university program, alternative 

certification program, post-baccalaureate), number of science courses taken, number of times 

science instruction is included per week, and years of classroom experience. All of these items 

combined resulted in a 64 questionnaire, and this length may have been a barrier to obtaining a 

high response rate.   

Beliefs About Reformed Science Teaching and Learning (BARSTL). The BARSTL 

was used to measure teachers’ beliefs along a continuum of traditional science teaching and 

reforms-based science teaching and learning or science teaching philosophy. Sampson et al. 

(2013) incorporated science education reform foundational publications in their development of 

items; including Project 2061: Science for All Americans (AAAS, 1989), the National Science 

Education Standards (NRC, 1996), Benchmarks for Scientific Literacy (AAAS, 1993), and the 

National Science Education Standards (NRC, 2000). The authors used the following question to 

guide their development of the instrument, “is it possible to develop an instrument that can 



 Texas Tech University, Angela Schroeder, December 2019 

58 
 

provide a valid and reliable measure of the alignment of teachers’ beliefs about science teaching 

and learning with the notions championed in the current science education reform literature?” 

(Sampson et al., 2013, p. 5). The key assumption of the instrument is that teachers with different 

beliefs about science learning and teaching will respond differently to the items presented 

(Sampson et al., 2013).  

Based on the conceptual framework, the BARSTL items measure teaching philosophy 

within four dimensions; a) how people learn, b) lesson design and implementation, c) 

characteristics of teachers and the learning environment, and d) the nature of science curriculum 

(Sampson et al., 2013). The final measure includes 32 items with 8 items per dimension, and of 

the 8 items per dimension half measure reformed beliefs and half measure traditional beliefs (see 

Appendix A). For example, “Students learn the most when they are able to test, discuss, and 

debate many possible answers during activities that involve social interaction” is a reformed 

view within the “how people learn” dimension; in contrast to a traditional belief that “Learning 

science is an orderly process; students learn by gradually accumulating more information about a 

topic over time”. Items on the BARSTL are measured by a 4-point Likert-scale, formatted as 

strongly disagree, disagree, agree, strongly agree, and each item is scored 1, 2, 3, and 4 for 

reformed-based items with items of traditional beliefs scored in reverse. Respondents score a 

mean total between 32 and 128 with higher scores indicating more reformed beliefs about 

science teaching and learning. During the initial development, Sampson et al. (2013) utilized the 

reformed based science publications as a conceptual framework to draft 40 items which were 

reviewed by five science education doctoral students, revised, submitted to a panel of seven 

science education experts who provided recommendations for additional revisions prior to 

administering the instrument to a pilot group of elementary teacher candidates enrolled in 
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science methods courses. After revisions of the first administration, a second pilot study was 

conducted with another group of elementary teacher candidates (N = 146) in order to obtain data 

for final validity and reliability analyses in which the developers concluded the instrument “has 

accurately translated the construct, reformed beliefs about science education,…[and] both the 

items and subscales have strong content validity,” (Sampson et al., 2013, p. 11). Reliability 

estimates for the second pilot study were reported as a Spearman-Brown corrected correlation 

and a coefficient alpha and were .80 and .77 (Sampson et al., 2013). Additionally, the 

exploratory factor analysis of the 32 final items accounted for 39.52% of the variance and loaded 

on four factors reflecting the four dimensions of the construct (Sampson et al., 2013).  

For this research, the construct validity of the BARSTL instrument was evaluated using 

confirmatory factor analysis (CFA) to ensure that the item responses on the four dimensions 

described above accurately measured the construct of science teaching philosophy. However, 

one issue for evaluating an instrument using CFA is sample size. Bandalos (2002) and Holt 

(2004) recommended item parceling to address small sample size, small sample size to variable 

ratio, and increase the stability of parameter estimates. Based on the factor loadings for this 

sample (N = 79), the scale exhibited multidimensional properties due to the measuring of each 

end of the teaching philosophy spectrum, traditional and reformed; therefore an isolated 

parceling approach was used as described by Bandalos (2002) and items representing similar 

facets of the construct were parceled together resulting in two 4-item parcels for each of the four 

dimensions of the BARSTL as specified in Table 3 (Holt, 2004). 
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Table 3 

Item Parcels Utilized for the BARSTL CFA Analysis   

 
How to Learn Lesson Design 

Teachers 

Characteristics 
Nature of Science 

Traditional 3, 4, 6, 7 11, 12, 15, 16 18, 21, 22, 23 26, 27, 29, 31 

Reformed 1, 2, 5, 8 9, 10, 13, 14 17, 19, 20, 24 25, 28, 30, 32 

 

This approach resulted in fewer model parameters to produce a more optimal sample size to 

variable ratio and more stable parameter estimates as shown in Figure 3 in Appendix H 

(Bandalos, 2002; Holt, 2004). Based on the recommendations of Hooper, Coughlan, and Mullan 

(2008) and Schreiber, Nora, Stage, Barlow, and King (2006) the following goodness-of-fit 

statistics are reported: the Chi-Square statistic, its degrees of freedom and p value, the RMSEA, 

TLI, and CFI. These indices have been found to be less reliant on sample size (Hooper et al., 

2008), and Schreiber et al., 2006 argued that these indices are most appropriate when assessing a 

model for one-time analysis, such as in construct validity evaluation, rather than testing 

comparisons to other models or making modifications to the model for additional analyses. Hu 

and Bentler (1999) and Sun (2005) suggested the following criteria for good/acceptable model 

fit; RMSEA < .08/.06, CFI > .90/.95, and TLI > .90/.95; considering the small sample size used 

in the analysis the model showed acceptable levels of fitness to the construct.   
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Table 4 

Goodness-of-Fit Indicators of Models for the BARSTL (N = 79)  

 N X2 df X2/df RMSEA CFI TLI 

All 32 Items 79 1422.440* 458 3.106 .164 .184 .059 

4-Item parcels 79 17.570 13 1.352 .067 .963 .919 

Note. *p < .001 

Science Teaching Efficacy Beliefs Instrument (STEBI). The STEBI measures science 

teaching efficacy based on two subscales: personal science teaching efficacy (PSTE) and science 

teaching outcome expectancy (STOE) using a 25 Likert-item survey with 5-point responses 

(strongly agree, agree, uncertain, disagree, strongly disagree). Riggs and Enoch (1990) assessed 

teacher beliefs as integral to developing a more holistic understanding of teacher behavior. Based 

on Bandura’s social learning theory and Gibson and Dembo’s (1984) teacher efficacy scale, 

Riggs and Enoch developed items which would separately measure the two subscales of science 

teaching efficacy beliefs; PSTE and STOE. In studies of self-efficacy, personal self-efficacy 

beliefs concerning a specific domain may be high, while the efficacy of effecting an outcome 

may be low. For example, teachers may hold high efficacy beliefs regarding their own abilities to 

effectively teach science, but have low efficacy beliefs about their influence on the outcome of 

student achievement in science. Therefore, wording of PSTE items focus on respondents 

perceptions of their own skills, such as “I understand science concepts”; whereas STOE items 

relate to student outcomes, like “students’ achievement in science is related to teaching”. By 

analyzing the STEBI mean score researchers can assess the average impact of these two 

constructs, because it is important for teachers to hold high efficacy beliefs about their own 
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abilities in science teaching and learning and in their ability to impact student outcomes in 

science learning. Riggs and Enoch computed reliability estimates based on a sample of N = 331 

practicing elementary teachers and reported an alpha of 0.91 for the PSTE subscale and 0.77 for 

the STOE subscale. 

For this study, a confirmatory factor analysis enabled the researcher to investigate the 

construct validity of the STEBI instrument as it was used to collect data from anonymous 

participants in the context of a combined online survey (Thompson & Daniel, 1996). Based on 

prior analyses and the theoretical framework of the instrument, a two-factor CFA model shown 

in Figure 4 (Appendix I) was evaluated using N = 103 responses for 25 items resulting in the 

following model: χ2 = 329.65, df = 265, p < .05 with major indices meeting acceptable goodness-

of-fit levels; RMSEA = .05, CFI = .91, and TLI = .90 (Hu & Bentler, 1999; Sun, 2005).  

Reliability tests were also performed to examine how well the instruments measured the 

latent constructs; the value of the alpha for the STEBI items was 0.86 and the BARSTL alpha 

was 0.75 with item-total statistics reported in Appendix C and Appendix D (IBM, 2017). 

Descriptive statistics, graphical analysis, and checks for multicollinearity, sphericity, and 

normality of the data were then conducted prior to analyses to ensure that parametric tests may 

be reliably interpreted (Field, 2013).  

Variables. Teachers’ beliefs about reforms-based science education and science teaching 

efficacy beliefs are predictor variables on the outcome of science instruction time with years of 

experience inputted as a moderating variable influencing those beliefs and the outcome measure. 

Science background was included as a covariate. Data were collected using self-report survey 

responses with the first section of the survey containing demographic and teacher characteristic 

items, while the next two sections contained the 25 STEBI items followed by the 32 BARSTL 
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items. Riggs and Enoch’s (1990) final version of the STEBI includes 13 items measuring PSTE 

and 12 measuring STOE, while the BARSTL is evenly divided into 8 items per dimension.  

 Table 5 

Items defining the Subscales of the STEBI and BARSTL used as Independent Variables  

Instrument Subscale Items 

STEBI PSTE 

 

2, 3, 5, 6, 8, 12, 17, 18, 19, 21, 22, 23, 

24 

 STOE 1, 4, 7, 9, 10, 11, 13, 14, 15, 16, 20, 25 

BARSTL How people learn- 

Reformed 

 

1, 2, 5, 8 

 How people learn- 

Traditional 

 

3, 4, 6, 7 

 Lesson design and implementation-

Reformed 

 

9, 10, 13, 14  

 Lesson design and implementation-

Traditional 

 

11, 12, 15, 16    

 Characteristics of teachers and 

learning environment-Reformed 

 

17, 19, 20, 24   

 Characteristics of teachers and 

learning environment-Traditional 

 

18, 21, 22, 23   

 Nature of the science curriculum-

Reformed 

 

25, 28, 30, 32   

 Nature of the science curriculum-

Traditional 

26, 27, 29, 31   

 

The dependent variable is rate of weekly science instruction measured as the number of times 

teachers reported including science instruction each week; reflecting the current literature 

assessing the status of elementary science instruction (Blank, 2013; Sowder & Harward, 2011; 

Trygstad, 2013). Moderator variables are variables that have an interaction effect between two 
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other variables; and in this study beliefs about science teaching and science instruction are 

conceptualized as being influenced by years of classroom experience. In this study, years of 

experience refers to the participants’ total number of years of classroom teaching experience. 

Also, the number of science courses taken during EPP data was collected as a measure of science 

background; and grade level assignment data were coded as follows: K = 1, 1st = 2, 2nd = 3. 

These variables were fit into six different models assessing the moderation of teacher experience 

on the relationship between beliefs and science instruction as represented in Figure 3.  

 

 

 

 

 

 

After the survey link was closed and disabled, the data was coded and entered into SPSS 

25 with AMOS for analysis (IBM, 2017). Following Pallant’s (2013) recommendations for data 

screening and cleaning, descriptive statistics were run to check for errors in data entry, determine 

levels of missing data to exclude in the analysis, which were 32% for the STEBI responses and 

46% for the BARSTL responses, and eliminate respondents that did not meet the needs of the 

study (e.g. teachers of other grade levels or those teaching multiple grade levels). Tests for 

normality, homoscedascity, and linearity indicated that the data meets assumptions for linear 

regression based analyses. Additionally, multicollinearity between the independent variables and 

the covariate was analyzed using correlation coefficients. The correlation coefficients of the four 

dimensions of the BARSTL and science background were are less than r = .02, p > .01 indicating 

Beliefs (IVs) 

Experience (MV) 

Beliefs *Experience 

Science Instruction (DV) 

Science Background (Covariate) 

Figure 3. MMR statistical model indicate the IV, DV, moderating variable, interaction term, and covariate (Fields, 2013, 
Hayes, 2017). 
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that teachers’ beliefs about science teaching and learning and science background are not 

correlated to science background as shown in Table 6. Science teaching efficacy beliefs as 

measured by personal science teaching efficacy and science teaching outcome expectancy also 

have small correlation coefficients, r = .371, p < .01 and r = .258, p = .01.   

Table 6 

Pearson correlations for Subscales of the BARSTL, STEBI, and the Science 

Background covariate   

  

 1. 2. 3. 4. 5. 6. 7. 

1. Science Background - .130 .132 .186 -.009 .371* .258* 

2. How people Learn   .519* .120 .014 .068 -.025 

3. Lesson Design    .311* .097 .203 -.016 

4. Teacher Characteristics     .696* .078 -.020 

5. Nature of Science      -.030 -.067 

6. PSTE       .281* 

7. STOE       - 

Note. *Correlation is significant at the 0.01 level (2-tailed) 

  Since the CFA results indicated the model fit for the latent constructs, items for the 

subscales of each instrument were summed to create the independent variables for the moderated 

multiple regression analysis. For example, the PSTE items listed in Table 5 were summed and 

the total score was mean centered and inputted as an independent variable for moderated 

multiple regression analysis. Using the PROCESS macro (Hayes, 2019) in SPSS, a total of six 

moderation models were run in order to investigate the extent to which years of experience 

moderates the relationship between science teaching philosophy, science teaching efficacy, and 

rate of science instruction. The equations for these models are represented below where PSTE 

and STOE represent the subscales of the STEBI; DIM1, DIM2, DIM3, and DIM4 represent the 

four dimensions of the BARSTL; EXP is the moderating variable years of experience; and 

SCIBKD is the covariate science background.   
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1. Y = b1PSTE + b2EXP + b3(PSTE*EXP) + b4SCIBKD 

2. Y = b1STOE + b2EXP + b3(STOE*EXP) + b4SCIBKD 

3. Y = b1DIM1 + b2EXP + b3(DIM1*EXP) + b4SCIBKD 

4. Y = b1DIM2 + b2EXP + b3(DIM2*EXP) + b4SCIBKD 

5. Y = b1DIM3 + b2EXP + b3(DIM3*EXP) + b4SCIBKD 

6. Y = b1DIM4 + b2EXP + b3(DIM4*EXP) + b4SCIBKD 

Summary 

In order to address the research objective of describing the relationship between early 

elementary teachers’ science teaching philosophy, science teaching efficacy, time spent on 

science instruction, and the moderating effects of experience, this study surveyed K-2 teachers 

currently employed by three large west Texas school districts and those maintaining active 

engagement in Facebook teacher groups. Science teaching philosophy and science teaching 

efficacy beliefs were measured using two distinct instruments which have been examined for 

validity and reliability in previous studies, the STEBI and the BARSTL, and were further 

evaluated for validity with CFA. CFA results indicated that both instruments have acceptable 

goodness-of-fit indices based on recommendations of Hu and Bentler (1999) and Sun (2006) to 

measure the latent constructs as defined in each instruments theoretical framework; therefore, the 

subscales aggregated items were used as the independent variables. Specifically, the STEBI 

measures science teaching efficacy beliefs using two subscales, PSTE and STOE, and the 

BARSTL measures beliefs about science teaching and learning along a continuum between 

traditional and reforms-based methods framed within four dimensions. Key demographic 

information; science background, current grade level assignments, and years of experience data 

were also collected using items combined with these two instruments into one online survey 
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platform and sent to a convenience sample of K-2 teachers. Analysis of the results will include 

descriptives to provide an assessment of the beliefs about science teaching and learning and 

science teaching efficacy beliefs held by the early elementary teacher population, and MMR will 

be used to investigate the relationships between the latent variables, time spent on science 

instruction, and to what extent years of classroom experience acts as a moderator of this 

relationship. 
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CHAPTER IV 

RESULTS 

Based on the conceptual framework, as teachers gain classroom experience they are 

presumed to develop in various areas of teacher practice; pedagogy, content expertise, and 

classroom management. In fact, according to the NSDC (2008) teacher development framework 

teachers gain efficacy, integrate innovative instruction, and take interest in leadership as they 

enter the Mature stage which is generally considered to be reached after a teacher has achieved 

six or more years of classroom experience. Kagan (1992b) and Little (1982) noted that teacher 

development is progressive and organic, and is most significant during the early years of 

teaching. However, the magnitude and direction of teacher development is dependent on 

personal experiences and contextual factors. For example, Little (1982) claimed that collegial 

interaction significantly affected teacher development, and Plourde (2002) argued that 

elementary teacher development in science teaching was often stifled by the context of field 

experiences and practices of cooperating teachers. Furthermore, while generalist elementary 

teachers are responsible for teaching all content areas, studies show that science is a neglected 

subject in the primary grade levels particularly in early elementary (K-2). It follows that with the 

decline or absence of early elementary science instruction, one potential problem arises 

concerning the extent to which these generalist teachers are able to have positive opportunities 

and experiences to develop as science teachers. Therefore, this study aimed to explore the impact 

of years of classroom teaching experience on the relationship between science teaching 

philosophy, science teaching efficacy, and rate of weekly science instruction as a starting point 

for understanding barriers to science instruction at the elementary grade levels. 
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This chapter describes the results of the data analysis for this cross-sectional quantitative 

study of the moderating impacts of teaching experience on K-2 elementary teachers’ science 

teaching efficacy beliefs, science teaching philosophy, and rate of weekly science instruction. 

The chapter also includes a description of the science teaching efficacy beliefs and beliefs about 

reformed-based science teaching and learning held by the K-2 teachers that completed the survey 

instruments using their summed scale scores, and how these scores were utilized for the 

moderated multiple regression (MMR) analysis to assess if the moderating variable of years of 

experience changed the relationship between these scores and the amount of time spent on 

science instruction. A moderating variable potentially changes the relationship between an 

independent and dependent variable, and furthers understanding about the complex processes 

that predict the outcome. To perform MMR, a macro was downloaded and integrated with SPSS 

version 25. The PROCESS macro version 3.1, developed by Andrew F. Hayes, is a regression 

path analysis tool which can be used to run moderated multiple regression (Hayes, 2019). The 

chapter concludes with results to the proposed research questions.  

Research Questions      

The following central research question is broken down into sub-questions specifically 

addressing the scales used to measure science teaching efficacy beliefs and beliefs about 

reforms-based science teaching and learning: does classroom experience moderate relationships 

between science teaching efficacy and science teaching philosophy to infer rates of weekly 

science instruction when controlling for science background?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between PSTE and rate of weekly science instruction? 
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 To what extent does a teacher’s classroom experience moderate the relationship 

between STOE and rate of weekly science instruction?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about how people learn and rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about lesson design and implementation and rate of weekly 

science instruction?  

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about characteristics of teachers and the learning environment and 

rate of weekly science instruction? 

 To what extent does a teacher’s classroom experience moderate the relationship 

between beliefs about the nature of the science curriculum and rate of weekly 

science instruction?  

Descriptive Statistics  

In this section descriptive statistics of the variables are presented. Descriptive statistics 

for nominal, ratio, and ordinal independent and dependent variables are reported and were run 

using SPSS version 25 (IBM, 2017). Grade level/s taught were 26% Kindergarten, 39% First 

Grade, and 34% Second Grade with 78% of the sample (N = 99) completing a traditional four-

year University-based educator preparation program. The number of science courses taken 

during EPPs ranged from 0 to 4 courses with 47.5% reporting that they completed two or fewer 

science courses and 45% reported taking three courses, while only 7% reported four courses. 

Rate of weekly science instruction ranged from 0 to 5 times per week with 27.3% of teachers 
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reporting that science was incorporated into daily instruction two times a week or less, 44.4% 

included science three times per week, and 27.3% had daily science instruction.  

Table 7 

Descriptive Statistics for Grade Level/s Taught by Teacher Participants  

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Kinder 26 26.3 26.3 26.3 

First 39 39.4 39.4 65.7 

Second 34 34.3 34.3 100.0 

Total 99 100.0 100.0  

 

Table 8 

Descriptive Statistics for Years of Experience of Teacher Participants 

 

Frequency Percent Valid Percent Cumulative Percent 

 1 5 5.1 5.1 5.1 

2 5 5.1 5.1 10.1 

3 3 3.0 3.0 13.1 

4 3 3.0 3.0 16.2 

5 9 9.1 9.1 25.3 

6 6 6.1 6.1 31.3 

7 7 7.1 7.1 38.4 

8 6 6.1 6.1 44.4 

9 3 3.0 3.0 47.5 

10 7 7.1 7.1 54.5 

11 1 1.0 1.0 55.6 

12 4 4.0 4.0 59.6 

13 1 1.0 1.0 60.6 

14 1 1.0 1.0 61.6 

15 1 1.0 1.0 62.6 

16 2 2.0 2.0 64.6 

17 2 2.0 2.0 66.7 

18 2 2.0 2.0 68.7 

19 1 1.0 1.0 69.7 

20 2 2.0 2.0 71.7 

21 5 5.1 5.1 76.8 
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Table 8, Continued 

 23 2 2.0 2.0 78.8 

24 2 2.0 2.0 80.8 

25 3 3.0 3.0 83.8 

26 5 5.1 5.1 88.9 

27 1 1.0 1.0 89.9 

28 2 2.0 2.0 91.9 

29 1 1.0 1.0 92.9 

30 2 2.0 2.0 94.9 

32 1 1.0 1.0 96.0 

33 1 1.0 1.0 97.0 

43 2 2.0 2.0 99.0 

47 1 1.0 1.0 100.0 

Total 99 100.0 100.0  

 

Table 9 

Descriptive Statistics for Type of Educator Preparation Program Completed by Teacher 

Participants 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

4-YR University 78 78.8 78.8 78.8 

Alternative Cert. 19 19.2 19.2 98.0 

Post-Bac 2 2.0 2.0 100.0 

Total 99 100.0 100.0  

 

Table 10 

Descriptive Statistics for Number of Science Courses Taken by Teacher Participants 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

None 17 17.2 17.2 17.2 

One 5 5.1 5.1 22.2 

Two 25 25.3 25.3 47.5 

Three 45 45.5 45.5 92.9 

Four 7 7.1 7.1 100.0 

Total 99 100.0 100.0  
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Table 11 

Descriptive Statistics for Rate of Weekly Science Instruction Estimated by Teacher Participants 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

None 7 7.1 7.1 7.1 

One 17 17.2 17.2 24.2 

Two 3 3.0 3.0 27.3 

Three 44 44.4 44.4 71.7 

Four 1 1.0 1.0 72.7 

Five 27 27.3 27.3 100.0 

Total 99 100.0 100.0  

 

Science teaching efficacy beliefs were measured with the STEBI developed by Riggs and 

Enoch (1990) and is based on two subscales: PSTE and STOE. Among the K-2 teacher 

participants the mean STEBI score was M = 91.30 (SD = 10.16) with a minimum of 70.00 and 

maximum of 119.00 and there were slight differences by grade level with Kindergarten showing 

a mean of 90.62 (SD = 8.97), First grade with a mean of 89.54 (SD = 10.68), and Second grade 

had a mean of 93.85 (10.16). The overall mean for the PSTE scores was 49.38 (SD = 6.60), 

while Kindergarten had a mean of 47.89 (SD = 6.45), M = 48.44 (SD = 6.72) for First grade, and 

M = 51.62 (SD = 6.15) for Second grade. The STOE subscale of the science teaching efficacy 

beliefs measure had a mean of 41.92 (SD = 6.09). Per grade level, Kindergarten had a STOE 

mean of 42.73 (SD = 4.89), First grade STOE was M = 41.01 (SD = 6.44), and Second grade 

STOE was M = 42.24 (SD = 6.55).  

Science teaching philosophy was measured with the BARSTL instrument and results in a 

score between 32 and 128 based on four dimensions of teaching along a continuum of traditional 

to reforms-based with higher scores indicating a more reforms-based teaching philosophy. 

Among the sample (N = 79) that completed this portion of the survey the mean score was 87.35 
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(SD = 6.85); while the means for each of the for dimension were as follows: how people learn 

about science M = 20.44 (1.74), lesson design and implementation M = 21.13 (SD = 2.94), 

characteristics of teachers and the learning environment M = 23.18 (SD = 2.57), and the nature of 

the science curriculum M = 22.61 (SD = 2.58). For the how people learn about science 

dimension Kindergarten had a mean of 20.58 (SD = 1.46), First grade had a mean of 20.52 (SD = 

1.99), and Second grade had a mean of 20.26 (SD = 1.63). Per grade level, the lesson design and 

implementation dimension showed mean scores of M = 21.16 (SD = 2.67) for Kindergarten, M = 

21.21 (SD = 2.48) for First grade, and M = 21.00 (SD = 2.95) for Second grade. For the 

characteristics of teachers and the learning environment dimension Kindergarten had a mean of 

23.53 (SD = 2.82), the First grade was M = 23.15 (SD = 2.53), the Second grade was M = 22.96 

(SD = 2.52). The final dimension measures teachers’ beliefs about the nature of the science 

curriculum and the means were as follows: Kindergarten M = 22.53 (SD = 2.91), First grade M = 

22.45 (SD = 2.49), and Second grade M = 22.85 (SD = 2.54).    

Research Design 

A moderation model, shown in Figure 1, was used to guide the research design. The 

function of years of experience as a moderator of teacher behavior and beliefs is grounded in the 

conceptual framework, however, the impact of years of experience on science teaching at the 

elementary level has not been previously examined. Due to the complex nature of beliefs, 

science teaching efficacy beliefs are measured using two subscales; personal science teaching 

efficacy and science teaching outcome expectancy (Riggs & Enoch, 1990), and science teaching 

philosophy beliefs are measured on a continuum from traditional to reforms-based beliefs using 

four dimensions of teaching; how people learn, instructional design and implementation, teacher 

characteristics, and nature of science curriculum (Sampson et al., 2013).  
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The summed scores of the subscales were used as measures for the MMR analysis since 

the CFA results indicated that the instruments provided an accurate measure of the constructs. In 

this case, science teaching efficacy beliefs and science teaching philosophy are being moderated 

by years of experience to infer the rate of science instruction in early elementary classrooms. 

This proposed relationship reflects what is currently understood about teacher development 

which describes teaching as a learning-by-doing process whereby experiences inform and guide 

teachers towards improvement, and self-efficacy theory is predicated on mastery experiences as 

a means of prompting positive changes in teaching efficacy (Banduras, 1997; Eraut, 1977; 

Kagan, 1992b).    

Data Analysis 

Moderator variables describe “the relationship between two variables, or the effect of one 

variable on a second one, [as it] depends on the value of a third (moderator) variable,” (Aguinis 

& Gottfredson, 2010, p. 776). In this study, years of classroom experience are considered the 

moderator of teacher beliefs about science teaching, as measured by science teaching efficacy 

and science teaching philosophy, to infer time spent on science instruction. Moderated multiple 

regression (MMR) analysis was used to investigate the relationship between the subscales for 

science teaching efficacy beliefs, the dimensions of science teaching philosophy, and rate of 

weekly science instruction. Although this analysis might be achieved through multiple 

regression, MMR provides a coefficient for the interaction term to describe the strength of the 

relationship between the moderator and independent variable on the dependent variable. MMR 

determines these interaction effects by creating two ordinary least squares regression equations 

to test the effect of predictors “X”, “Z”, and “XZ” on the outcome of “Y” where “X” is the 
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independent variable and “Z” is the moderating variable (Aguinis & Gottfredson, 2010; Hayes, 

2012).  

For this study, continuous variables where zero is not included in the measure were mean 

centered in MMR to increase the interpretability of the intercept and reduce multicollinearity 

(Hayes, 2017). Moderation models test the strength of the conditional effect of “Z’ on “X” to 

more accurately predict the outcome (Hayes, 2012). In other words, these models allow 

researchers to examine additional conditions to theories describing relationships between 

variables (Hayes, 2012); such as science teaching efficacy and science teaching philosophy are 

changed by experience to impact the frequency of science instruction in the early elementary 

classroom.  

Results 

The purpose of this study was to investigate how years of classroom teaching experience 

moderates the relationship between science teaching philosophy, science teaching efficacy, and 

rate of weekly science instruction as a foundation for understanding what are the current barriers 

to science instruction at the early elementary grade levels. Science teaching efficacy beliefs were 

measured using the STEBI developed by Riggs and Enoch (1990) and the validity of the measure 

was confirmed with CFA analysis. Science teaching philosophy beliefs were measured along a 

continuum of traditional to reforms-based beliefs using the BARSTL (Sampson et al., 2013); this 

dichotomy was based on four dimensions and CFA analysis confirmed that the items provide a 

valid measure of the construct. Science background was measured by the number of science 

courses taken by the participants during their EPP, and quantity of science instruction was 

measured as the number of times science is taught per week. These variables were included in 

order to answer the overall research question and were disaggregated into six models using the 
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subscales of the two instruments. The remainder of this section presents the results of each of the 

six models. 

Model 1. The first sub-question addressing the overarching research question is to what 

extent does a teacher’s classroom experience moderate the relationship between PSTE and rate 

of weekly science instruction? To investigate the relationship between years of experience, 

PSTE, and rate of weekly science instruction in terms of MMR, the variables were as follows: Y 

= science teaching, X = summed score for the PSTE, Z = years of experience, and science 

background was included as a covariate. Both years of experience and PSTE measures were 

mean centered. The PROCESS macro (Hayes, 2019) performs mean centering to rescale the 

values of variables where zero is not a measure and to enhance interpretability and reduce 

multicollinearity (Hayes, 2017). Overall, the model was significant F(4, 94) = 4.60, p = .002, R2 

= 0.16; however, when examining the main effect PSTE b = .048, t(94) = 1.95, p = .055 was just 

above significance level with a small but positive coefficient. Years of experience had a negative 

coefficient, b = -.0149, t(94) = -1.03, p = .308, and was not a significant predictor of rate of 

weekly science instruction. The interaction term was also not significant, b = -.0015, t(94) = -

.834, p = .407; while the covariate of science background was significant, b = .3716, t(94) = 

2.78, p = .007 indicating that science background is a significant predictor of rate of weekly 

science instruction. 

Table 12 

Model 1 MMR Results for PSTE, EXP, PSTE*EXP, and Science Background 

 Coefficient (b) t-value p-value 

PSTE .0476 1.9470 .0545 

EXP -.0149 -1.0249 .3080 

PSTE*EXP -.0015 -.8336 .4066 

SCIBKD .3716 2.7789 .0066 
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Model 2. STOE is a vital aspect of science teaching efficacy beliefs as it measures to 

what extent teachers believe they can impact the outcome (Bandura, 1977); in this case the 

outcome is student achievement in science which is positively impacted by an increase in science 

instruction. In order to test the relationship between years of experience, STOE, and rate of 

weekly science instruction, an MMR was run with Y = rate of weekly science instruction, X = 

STOE, Z = years of experience, and science background was included as a covariate. The results 

of this model were significant F(4, 94) = 3.43, p = .0116, R2 = .13. STOE was not a significant 

predictor of rate of weekly science instruction, b = .0153, t(94) = .572, p = .569. Years of 

experience was also not significant, b = -.0130, t(94) = -.844, p = .401, but had a negative 

coefficient indicating that as years of experience increase the rate of weekly science instruction 

decreases. The interaction term combining the effects of STOE and experience resulted in a 

negative coefficient as well, b = -.0008, t(94) = -.337, p = .737. However, science background 

was a significant predictor of the outcome with b = .4434, t(94) = 3.32, p = .001. 

Table 13 

Model 2 MMR Results for STOE, EXP, STOE*EXP, and Science Background 

 Coefficient (b) t-value p-value 

STOE .0153 .5723 .5685 

EXP -.0130 -.8437 .4010 

STOE*EXP -.0008 -.3368 .7370 

SCIBKD .4434 3.3224 .0013 

 

Model 3. Science teaching philosophy is a construct explaining how teachers approach 

the teaching and learning of science in the classroom; such as traditional or reforms-based 

approaches, and was measured with the four dimensions of the BARSTL. The dimension “how 
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people learn about science” assesses a traditional perspective as students being blank slates to be 

filled with facts or a reformed perspective whereby students have preconceptions about science 

and must engage with the material to modify and gain new knowledge. This model includes this 

dimension as the independent variable, rate of weekly science instruction as the dependent 

variable, years of experience as the moderator variable, and science background as the covariate. 

The model was significant, F(4, 74) = 2.81, p = .031, R2 = .13, but the main effect was not 

significant, b = -.0560, t(74) = -.559, p = .578. Experience was not significant, b = -.0081, t(74) = 

-.478, p = .634, and the interaction term had a b = .0082, t(74) = .0085, p = .3352. Similar to the 

first two models, science background, b = .4731, t(74) = 3.03, p = .003, was a significant 

predictor in the model. 

Table 14 

Model 3 MMR Results for DIM1, EXP, DIM1*EXP, and Science Background 

 Coefficient (b) t-value p-value 

DIM1 -.0560 -.5585 .5782 

EXP -.0081 -.4780 .6341 

DIM1*EXP .0082 .9700 .3352 

SCIBKD .4731 3.0342 .0033 

 

Model 4. The BARSTL also measures science teaching philosophy based on “lesson 

design and implementation” constructed on the dichotomy of teacher-centered pedagogy that 

relies heavily on textbooks or a student-centered pedagogy planning inquiry-based activities and 

active investigations. One of the characteristics of Mature stage teachers is implementation of 

innovative instruction (NSDC, 2008), and implementation of reforms-based activities may 

increase experiences with planning science instruction. Therefore, this model tested this 

dimension as the independent variable on the dependent variable of rate of weekly science 
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instruction with years of experience as the moderator variable and science background included 

as a covariate. This model was significant, F(4, 74) = 2.59, p = .044, R2 = .12, but the main effect 

of lesson design and implementation was not significant b = .0382, t(74) = .575, p = .567. Years 

of experience had a negative coefficient, b = -.0153, t(74) = -.891, p = .376 and was not a 

significant predictor of time spent on science instruction. The interaction term had a coefficient 

of b = -.0017, t(74) = -.454, p = .651; however, the covariate of science background had a 

positive coefficient b = .4607, t(74) = 2.92, p = .005 and was significant.  

Table 15 

Model 4 MMR Results for DIM2, EXP, DIM2*EXP, and Science Background 

 Coefficient (b) t-value p-value 

DIM2 .0382 .5746 .5673 

EXP -.0153 -.8908 .3759 

DIM2*EXP -.0017 -.4536 .6514 

SCIBKD .4607 2.9177 .0047 

 

Model 5. The third dimension of the BARSTL measures “characteristics of teachers and 

the learning environment”. A traditional philosophy views teachers as dispensing knowledge to 

students through individual classwork and rote memorization (Sampson et al., 2013). 

Conversely, the reforms-based philosophy views teachers as facilitators or coaches as students 

work together to solve problems and gain knowledge (Sampson et al., 2013). For the MMR 

equation, Y = rate of weekly science instruction, X = characteristics of teachers and the learning 

environment, Z = years of experience, and science background was included as the covariate. 

MMR results for this model were significant, F(4, 74) = 3.61, p = .0097, R2 = .16, and the main 

effect of the characteristics of teachers and the learning environment fell just short of 

significance, b = .1311, t(74) = 1.94, p = .056. The moderator variable was not significant, b = -
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.0098, t(74) = -.610, p = .544, and the interaction term had a coefficient of b = -.0025, t(74) = -

.360, p = .720. Lastly, the science background had a coefficient of b = .4163, t(74) = 2.70, p = 

.009 and was a significant predictor of rate of weekly science instruction in this model. 

Table 16 

Model 5 MMR Results for DIM3, EXP, DIM3*EXP, and Science Background 

 Coefficient (b) t-value p-value 

DIM3 .1311 1.9393 .0563 

EXP -.0098 -.6097 .5439 

DIM3*EXP -.0025 -.3600 .7198 

SCIBKD .4163 2.6958 .0087 

 

Model 6. The fourth dimension of the BARSTL assesses teacher beliefs about the “nature 

of the science curriculum”. The traditional perspective views the curriculum as rigid with a focus 

on basic skills and a breadth of content while the reforms-based perspective considers science 

curriculum as fluid with more of a focus on depth and engaging student interest (Sampson et al., 

2013). This sixth model tested included the “nature of the science curriculum” as the 

independent variable, years of experience as the moderator variable, rate of weekly science 

instruction as the dependent variable, and science background was included as a covariate. The 

overall results for the model were F(4, 74) = 2.78, p = .0326, R2 = .13, but the main effect of this 

dimension of science teaching philosophy was not significant, b = .0672, t(74) = 1.00, p = .319. 

Again, years of experience had a negative coefficient b = -.0131, t(74) = -.818, p = .416 and was 

not a significant predictor of rate of weekly science instruction. The interaction term was not 

significant, b = -.0012, t(74) = -.166, p = .868, while science background was a significant 

predictor of rate of weekly science instruction, b = .4816, t(74) = 3.13, p = .003.   
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Table 17 

Model 6 MMR Results for DIM4, EXP, DIM4*EXP, and Science Background 

 Coefficient (b) t-value p-value 

DIM4 .0672 1.0040 .3186 

EXP -.0131 -.8178 .4161 

DIM4*EXP -.0012 -.1663 .8683 

SCIBKD .4816 3.1302 .0025 

 

Summary  

This chapter includes the results of the six models developed to investigate the extent to 

which years of classroom teaching experience moderates the relationship between science 

teaching efficacy beliefs, science teaching philosophy, and rate of weekly science instruction. In 

addition, the general science teaching efficacy beliefs and science teaching philosophy held by 

practicing early elementary teachers are described and further broken down by grade level, 

Kindergarten, First grade, and Second grade. Based on the conceptual framework, years of 

experience was considered a moderator variable of teacher beliefs and behavior; meaning that as 

teachers gain in classroom experience they are presumed to develop a range of teaching skills 

and knowledge which alters their classroom decision-making. Statistical analysis was done using 

MMR and achieved with the PROCESS macro (Hayes, 2019) in SPSS, and while all models 

were found to be significant the interaction term which describes the moderating relationship 

between the independent variable and the moderator variable was not significant for the six 

models. The intercept and p-value of the terms are included in the chapter, and the covariate of 

science background was found to be a significant predictor of rate of weekly science instruction 

in all six models.            
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CHAPTER V 

DISCUSSION 

Science teaching and learning has been the focus of education reform for much of the 

past decade (DeJarnette, 2012; ECS, 2017; Epstein & Miller, 2011). The National Academy of 

Sciences (2007) highlighted the need for science education reform to focus on K-8 grade levels 

and argued that “how science is taught ultimately depends on teachers,” (p. 1). A broader 

understanding that science must be taught at all grade levels became an issue of concern, and the 

NSTA (2018) published a position statement asserting high-quality elementary science education 

as vital to student success and achievement in science in later grades and beyond. Yet, science 

instruction is often minimal, sporadic, or lacking entirely from early elementary classrooms. 

Researchers have found that elementary teachers tend to have lower teaching efficacy for 

science compared to other subjects (Buss, 2010; Kazempour, 2014; Lavigne et al., 2014), and are 

not receiving or attending science focused professional development for elementary science 

(ECS, 2017). To improve teaching efficacy for science, educator preparation programs have 

integrated science methods coursework to provide aspiring elementary teachers with the 

opportunities to engage in authentic scientific inquiry and key science concepts (Olson et al., 

2015). Studies have shown that teachers’ efficacy for teaching science improves after the 

completion of these science methods courses (Kazempour, 2014; Lakshmanan et al., 2011; 

Morrell & Carroll, 2003).  

In addition to science teaching efficacy beliefs, researchers have focused on elementary 

teachers’ beliefs about science in terms of how these beliefs impact implementation of science 

teaching and innovative instruction (Anderson, 2015; Appleton & Kindt, 2002; Bryan, 2003). 

Results from some of these studies indicated that elementary teachers’ perspectives about science 
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as a subject, how science is learned, and how science should be taught effects their science 

instructional decision-making (Anderson, 2015; Appleton & Kindt, 2002; Bryan, 2003; Czerniak 

& Lumpe, 1996). Science teaching beliefs are formed through experience and context, and in 

some cases teachers’ experiences with teaching science can positively affect their beliefs and 

behavior towards science teaching and learning (Anderson, 2015; Furtak & Alonzo, 2010; 

Ghaith & Yaghi, 1997; Mansour, 2009).  

This suggests that teaching experience has a significant impact on the development of 

science teaching in the generalist classroom. In fact, teaching experience has been connected to 

teacher development and gains in student achievement for both math and reading (Papay & 

Kraft, 2015; Penrose et al., 2007). Eraut (1977), Kagan (1992b), and Little (1982) found that 

teacher development is inherent in classroom teaching experience but that the rate and direction 

of growth depends on context and types of experiences. Because elementary science teaching is 

key to student achievement and later interest in science, it was beneficial to investigate if 

classroom teaching experience has an impact on elementary teachers’ science teaching efficacy 

beliefs, science teaching beliefs, and time spent on science instruction. The conceptual 

framework for this relationship posits that beliefs are changed by experience, and for this study 

classroom teaching experience is theorized to moderate science teaching efficacy beliefs and 

science teaching philosophy as shown in Figure 1.  
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Figure 1. Moderation conceptual model. Science teaching philosophy and science teaching efficacy beliefs are theorized to be 
moderated by years of experience, grade level/s taught, and science background to infer time spent of science instruction. 
Adapted from Field (2013). 

This inquiry led to the overarching research question: does classroom experience 

moderate relationships between science teaching efficacy and science teaching philosophy to 

infer rates of weekly science instruction when controlling for science background? For this study 

Riggs and Enoch’s (1990) Science Teaching Efficacy Beliefs Instrument (STEBI) and Sampson 

et al.’s (2013) Beliefs About Reforms-based Science Teaching and Learning (BARSTL) 

instruments were utilized as measures for science teaching efficacy and science teaching 

philosophy. The STEBI measures science teaching efficacy beliefs based on two subscales: 

personal science teaching efficacy (PSTE) and science teaching outcome expectancy (STOE), 

while the BARSTL measures science teaching philosophy along a continuum of traditional to 

reforms-based beliefs using four dimensions. Using the subscales for each measure as an 

accurate representation of the latent constructs six models were analyzed; models 1 and 2 
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included the PSTE and STOE of the science teaching efficacy beliefs instrument and models 3 

through 6 included the four dimensions measuring beliefs about reforms based science teaching 

and learning. 

In the interest of addressing the research questions, this study utilized a cross-sectional 

quantitative survey design. Currently assigned Kindergarten, first, and second grade public 

school teachers were recruited to complete an online survey which combined demographic 

questions with the two abovementioned instruments. The recruitment of these in-service teachers 

was achieved using two different methods; email and closed-membership teacher Facebook 

groups. This allowed for teachers with a wide range of experience and context to participate in 

the survey research. After a time period of approximately eight weeks, the survey link was 

closed and the data was downloaded into SPSS version 25 with the AMOS package for analysis 

(IBM, 2017). The planned statistical analysis of the independent, dependent, and moderator 

variables was based on Hayes (2017) moderated multiple regression model (Figure 2). A total of 

six models representing each of the six sub-questions were investigated using the PROCESS 

macro in SPSS, Model 1 (Hayes, 2019; IBM, 2017). 

  

 

 

 

 

 

Discussion of Findings 

Beliefs (IVs) 

Experience (MV) 

Beliefs *Experience 

Science Instruction (DV) 

Science Background (Covariate) 

Figure 2. MMR statistical model indicate the IV, DV, moderating variable, interaction term, and covariate (Fields, 2013; 
Hayes, 2017). 
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The purpose of this study was to examine to what extent years of classroom teaching 

experience moderates science teaching efficacy beliefs and science teaching philosophy to infer 

rate of weekly science instruction. The study and analysis are grounded in the conceptual 

frameworks of self-efficacy, teacher beliefs, and teacher development. The independent variables 

consisted of the subscales defining the latent constructs in the STEBI (PSTE, STOE) and 

BARSTL (How people learn, Lesson Design, Teacher Characteristics, and Nature of Science) 

(Riggs & Enoch, 1990; Sampson et al., 2013), the moderator was measured by the number of 

years of classroom teaching experience, and the dependent variable was measured as the number 

of times science instruction is included per week. The results indicate that years of experience 

does not moderate science teaching efficacy beliefs or science teaching philosophy, and there is a 

lack of evidence that this relationship impacts rate of weekly science instruction. In addition, the 

standardized regression coefficient for years of experience was not statistically significant 

meaning that experience is not a predictor of time spent on science instruction. As expected, 

science background, which was included as a covariate in all six models, was found to be a 

significant predictor of rate of weekly science instruction.    

Moderating impacts of experience on science teaching efficacy. Two moderation 

models were analyzed to determine the extent to which years of experience impacts the 

relationship between science teaching efficacy and rate of weekly science instruction. 

Essentially, the conditional effects of PSTE and STOE on rate of weekly science instruction 

were theorized to be a function of the moderator, years of experience. However, the evidence 

from the statistical analysis does not support either of the alternative hypotheses. The first 

alternative hypothesis states that the relationship between PSTE and rate of weekly science 

instruction is moderated by years of experience when controlling for science background. 
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Alternative hypothesis two states that the relationship between STOE and rate of weekly science 

instruction is moderated by years of experience when controlling for science background.  

According to self-efficacy theory, mastery experiences can increase levels of efficacy and 

research supports that elementary teachers’ science teaching efficacy beliefs are positively 

impacted after successfully planning and implementing reforms-based science instruction in their 

own classrooms (Bandura, 1977; Lakshmanan et al., 2011; Sandholtz & Ringstaff, 2014). As a 

result, more experienced teachers will have had more opportunities to teach science and have 

mastery experiences, and will hold higher science teaching efficacy beliefs than those teachers 

with less experience (Appleton & Kindt, 2002; Berliner, 1988; Kagan, 1992b; NSDC, 2008). On 

the contrary, the results derived from the interaction term combining PSTE scores and years of 

experience, which describes the strength of the conditional effect of PSTE on rate of weekly 

science instruction as a function of the moderator, were not significant (b = -.0015, t(99) = -

.8336, p = .407). So, this model did not provide evidence that elementary classroom teaching 

experience influences changes in K-2 teachers’ science teaching efficacy beliefs and time spent 

on science instruction. Potentially, these grade level/s are not teaching science frequently enough 

to significantly change their PSTE. Harlen (1997) argued that elementary teachers avoid teaching 

science due to low science teaching efficacy beliefs, which further perpetuates these beliefs as 

they lack in positive experiences in science teaching throughout their careers.   

In terms of main effects, neither PSTE nor experience were significant predictors of time 

spent on science instruction; however, science background was significantly associated with the 

outcome (b = .3716, t(99) = 2.7789, p = .007). These results may be reflective of the general 

characteristics of the participants as early elementary teachers. Overall, this sample of K-2 

teachers with classroom experience ranging from 0.5 to 47 years had a mean PSTE of 49.38, 
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while per grade level Kindergarten = 47.89, First Grade = 48.44, and Second Grade = 51.62. 

When examined per the NSDC’s (2008) teacher development framework the results were mixed: 

first year teachers, M = 44.2, second year teachers scored M = 50.6, teachers in the renewal stage 

had a mean of 47.7, and mature stage teachers scored a mean of 50.5. Both self-efficacy beliefs 

and teacher beliefs form and change in relationship to an individual’s personal experiences. 

Consider that elementary teachers take fewer science courses relative to other core subjects 

(NSTA, 2018; Olson et al., 2015; Trygstad, 2013) and may have had negative experiences with 

science when they were students (Kazempour, 2014; Harding, 2016). Furthermore, among 

elementary teachers science content knowledge is lacking (Harding, 2016; Trygstad, 2013), and 

those with stronger content knowledge tend to have higher science teaching efficacy beliefs 

(Furtak & Alonzo, 2010; Lakshmanan et al., 2011; Lavigne et al., 2014).  

Similar to the PSTE model, the second model which investigated the interaction term for 

STOE and experience was not significant (b = -.0008, t(99) = -.3368, p = .737) and the main 

effects lacked evidence of being predictive of science instruction time. Again, the covariate 

included in the model, science background, was significant with a standardized regression 

coefficient of b = .4434, t(99) = 3.3224, p = .001. Interestingly, Hechter (2010) found that the 

number of science courses taken during EPPs effected PSTE but not STOE, and the covariate of 

science background was found as a significant predictor of rate of weekly science instruction in 

both models. Outcome expectancy is distinguished from personal efficacy beliefs because a 

teacher may believe in their ability to teach science yet have doubts about how their instructional 

actions will produce successful outcomes (Bandura, 1977; Williams, 2010). On average, STOE 

scores were low for the sample population with an overall mean of 41.9 and per grade level 

means were as follows: Kindergarten, M = 42.7, First grade, M = 41.1, and Second grade, M = 
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42.2. Results were then broken down according to teacher development stages (NSDC, 2008) to 

provide an overview of teachers with varying experiences; first year teachers had a mean of 42.2, 

second year teachers, M = 38.8, renewal stage teachers, M = 43.8, and mature stage teachers had 

an overall mean of 41.1. In line with the results of this study, Wolters and Daugherty (2007) 

pointed out that studies linking teaching experience and teachers’ sense of efficacy have 

produced mixed results and argued that teacher preparation, school context, and grade level/s 

taught will also impact teacher efficacy. 

The lack of evidence that experience moderates the relationship between elementary 

teachers’ science teaching efficacy beliefs and the rate of weekly science instruction implies that 

school context may need to be included in the model. Sowder and Harward (2011) noted that 

math and reading take precedence over other subjects such as science and social studies due to 

the current structure of accountability requirements; such as state assessments outlined in Table 

2. School context guides teacher development and may be hindering elementary teachers’ 

intention to incorporate more science into weekly instruction and to seek out science teaching 

and learning professional development. Both of which would provide mechanisms to increase 

science teaching efficacy beliefs through mastery experiences, vicarious experiences, and verbal 

persuasion (Bandura, 1977; “Self-Efficacy”, 2013).  

Accordingly, if science is taught less in order to provide teachers with more instructional 

time for tested subjects then they are unlikely to have opportunities to practice science pedagogy. 

Infrequent science instruction also implies that collegial interactions, which have a large effect 

on teacher development (Little, 1982; Wolters & Daugherty, 2007), are likely not related to 

teaching science and instead focus on those subjects with accountability measures. Overall, 

encounters with verbal persuasion and mastery experiences, which can cause increases in self-
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efficacy (Bandura, 1977; Hechter, 2010; Wolters & Daugherty, 2007), would generally be less 

for science than for reading or math. In the current study there was not an evident moderating 

relationship between experience and science teaching efficacy on rate of weekly science 

instruction, however, contextual variables were not able to be included in the models. Teacher 

development has been described as a natural process which is highly dependent on the school 

context (Eraut, 1977; Little, 1982; Plourde, 2002). For example, teachers assigned to schools that 

provide science professional development, have strong professional learning communities, or 

have in place some type of campus accountability for science for all grade levels exhibit stronger 

efficacy for science teaching (Borko, 2004; Mulholland & Wallace, 2005; Papay et al., 2016). 

Klassen and Chiu (2010) also argued that contextual factors frame experiences and that “teachers 

use actual experiences of prior success in which to situate their future expectations,” (p. 279). 

Therefore, the implications of the moderator variable of experience having a negative coefficient 

in both models suggests that these teachers may be restricted by their teaching context within an 

early elementary setting to limit science instruction to make time for reading and mathematics.        

Moderating impacts of experience on science teaching philosophy. Science teaching 

philosophy was measured with the BARSTL instrument. Science teacher philosophies can range 

from traditional to reforms-based and the BARSTL provides a score between 32 and 128 with 

higher scores indicating a more reforms-based perspective for science teaching and learning 

(Sampson et al., 2013). One limitation of the interpretation of results arose during CFA analysis 

as the model fit indices did not meet acceptable levels of fit until the items were parceled to 

reduce the sample size to variable ratio. The K-2 teacher participants in this study scored an 

average of M = 87.35; which is situated in the middle of the continuum between a traditional and 

a reforms-based philosophy. This result may be explained by the reality that beliefs tend to be 
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complex and stable over time (Kagan, 1992a; Rokeach, 1968), and science education reformers 

have noted that teachers resist fully adopting curricular or instructional innovations because 

some elements may not align with their beliefs (Briscoe & Peters, 1997; Czerniak & Lumpe, 

1996). In fact, Bryan (2003) discovered that beginning elementary teachers struggle with 

implementing the reforms-based methods they learned during their educator preparation 

programs because their desire to control the outcome and maintain classroom management tends 

to inform much of their teaching philosophy.   

This total score is based on the scores for the four dimensions (with each dimension 

ranging from 8-32) derived from the reforms-based science teaching and learning conceptual 

framework: how people learn about science, lesson design and implementation, characteristics of 

teachers and the learning environment, and the nature of the science curriculum (Sampson et al., 

2013). All dimensions had an average score that was slightly reforms-based located on the 

continuum and were as follows: M = 20.44, M = 21.13, M = 23.18, and M = 22.61. Scores for 

how people learn about science dimension indicated that the participants held almost equal 

traditional and reforms-based views. Tsai (2002) found that elementary teachers held reforms-

based beliefs about students discussing science topics and that the learning of science should 

include inquiry-based lessons, but at the same time these beliefs are nested within the perspective 

that teachers should provide “correct” answers to student inquiries and the science is generally a 

body of facts to be memorized. The lesson design and implementation dimension had a similar 

centered to reforms-based score and aligns with Trygstad’s (2013) findings that elementary 

teachers tend to rely heavily on prescribed or purchased curriculum. These types of materials 

reduce student-choice, are more teacher-centered, and lead students to a single correct answer for 
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inquiry activities, and Lavigne et al. (2014) found that teachers with lower science teaching 

efficacy beliefs were more likely to use prescribed curriculum.  

The summed scores for the characteristics of teachers and the learning environment and 

the nature of the science curriculum shows that perspectives shifted slightly towards a more 

reforms-based philosophy. However, Furtak and Alonzo (2010) noted that in contrast to their 

classroom observations teachers believed they held reforms-based philosophies for teaching 

science and were providing constructivist learning environments for their students. They 

concluded that the disparity between beliefs and observation could be in teachers personal 

definitions and interpretation of reforms-based instruction (Furtak & Alonzo, 2010), and this 

may be reflected in teachers holding a more reformed view of the last two dimensions. 

Similar to the results for science teaching efficacy beliefs, years of experience was not a 

significant moderator of science teaching philosophy. When examined with the how people learn 

about science dimension, the interaction term was not significant (b = .0085, t(79) = .9700, p = 

.34), and the main effects of both beliefs of how people learn science and years of experience 

were not predictors of time spent on science instruction. This lack of relationship could be a 

result of conflicting teacher beliefs. For example, Haney, Czerniak, and Lumpe (1996) found that 

teacher beliefs about behavior had the most influence on the implementation of science 

instruction rather than beliefs about inquiry. The moderating impact of years of experience on 

the lesson design and implementation dimension did not indicate a significant relationship (b = -

.0017, t(79) = -.4536, p = .65). Additionally, the characteristics of teachers and the learning 

environment and the nature of the science curriculum were also lacking evidence of being 

moderated by years of experience (b = -.0025, t(79) = -.360, p = .72 and b =.-.0012, t(79) = -

.166, p = .87). Interestingly, in all four models the main effect of years of experience had a 
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negative coefficient, making it unclear as to the impact years of experience has on science 

teaching and learning at the elementary level. Teacher development is complex and the rate and 

direction of teacher improvement is highly influenced by context and beliefs (Eraut, 1977; Little, 

1982; Parsons et al., 2017). Science background was included as a covariate and in all four 

models this variable was found to be a significant predictor of rate of weekly science instruction.  

Beliefs tend to be fixed, although they may be changed by experience and are influenced 

by context (Pajares, 1992; Rokeach, 1968), and these results suggest that years of classroom 

teaching experience may not influence beliefs about science teaching and learning within the 

early elementary setting. Researchers have found that even though EPPs are increasingly 

teaching reforms-based science teaching, beginning teachers tend to revert to implementing 

traditional teaching methods which they experienced as science students (Anderson, 2015; 

Furtak et al., 2012; Plourde, 2002; Thomas & Perdersen, 2003). Fives and Buehl (2008) placed 

this observation in the context of science teaching beliefs noting that “the process of teaching can 

be conceptualized as an integration of personal attributes and professional preparation,” (p. 138). 

In fact, Bryan (2003) and Tsai (2010) found that elementary teachers exhibited nested beliefs 

about science teaching and learning; where science pedagogical beliefs were set within a larger 

system of beliefs about science, teaching, and the nature of learning. The results of this study 

indicate that elementary teachers hold a science teaching philosophy that is part traditional and 

part reforms-based with no indication that elementary classroom experience changes those 

beliefs and impacts teacher decision-making. Overall, the results also suggest that beliefs are 

nested and complex.  

Implications for Practice 
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The aim of the present study was to investigate if years of classroom teaching experience 

moderates the relationship between early elementary teachers’ science teaching efficacy, science 

teaching beliefs, and the amount of time dedicated to science instruction. While the current 

teacher development research indicates that classroom experience impacts both efficacy and 

instruction (NSDC, 2008; Papay et al., 2016; Papay & Kraft, 2015), there is no research 

examining how experience may impact science instruction at the elementary levels. Recent 

studies on teacher experience have focused on core academic subjects that are tested at the 

elementary level, such as Papay and Kraft’s (2015) study which used available databases to 

correlate student achievement in reading and mathematics to teacher classroom experience. The 

significance of this dissertation is the intentional examination of science instruction at the early 

elementary level, which most states do not formally assess until fourth or fifth grade as shown in 

Table 1. While the results of this study did not provide evidence that classroom experience 

moderated the relationship between beliefs and rate of weekly science instruction, it did provide 

insight into early elementary teachers’ science efficacy beliefs and science teaching philosophy, 

the impact of experience on science instruction at the early elementary levels, and teacher 

preparation.  

As a population, elementary teachers have been reported as having low science teaching 

efficacy beliefs (Blank, 2013; Buss, 2010; Harlen, 1997; Lavigne et al., 2014; Sandholtz & 

Ringstaff, 2011), and the results of the STEBI administration in this study support those 

assertions with the participants having an overall mean of 91.30 an average PSTE of M = 49.38 

and the average STOE was M = 41.90. One limitation of the study was that the sample size per 

years of experience was highly variable. Therefore, the researcher was unable to perform any 

statistical analyses of the teacher stages as defined in the NSDC’s (2008) teacher development 
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framework that would have been used to discern if there were significant differences between 

science efficacy beliefs among teachers at different stages in their teaching careers. However, the 

means indicate that K-2 teachers remain less likely to hold high efficacy beliefs for teaching 

science. Additionally, since experience does not appear to moderate the relationship between 

science teaching efficacy and time spent on science instruction for this population one 

assumption that could be made is that these teachers are not engaging in any teaching activities 

that would change their efficacy beliefs. ESC (2017) reported that only 36 percent of K-5 

teachers attended science professional development in all three areas (life science, physical 

science, and earth science) within a three year time period. Sandholtz and Ringstaff (2011) found 

that a sustained long term science professional development program positively changed efficacy 

beliefs and influenced science instructional methods. Clearly, planned science professional 

development and additional support for science teaching is needed for the early elementary 

population in order to impact science teaching efficacy beyond autonomous classroom 

experiences.  

Science teacher beliefs have been found to influence teacher decision-making; such as 

what content to teach, what content to avoid, and how much time should be allotted for each 

subject (Kazempour, 2014; Mansour, 2009; Pajares, 1992). In this study science teacher beliefs 

were measured with the BARSTL; which uses four dimensions to define teachers’ science 

teaching philosophy as stemming from a traditional perspective or a reforms-based perspective 

(Sampson et al., 2013). Interestingly, results from this BARSTL administration implies that K-2 

teachers hold a part traditional and part reforms-based philosophy about science teaching and 

learning. This dichotomy is present in other studies and could be attributed to elementary 

teachers’ conceptions of reforms-based or inquiry-based teaching methods (Czerniak & Lumpe, 
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1996; Furtak & Alonzo, 2010; Ireland et al., 2011; Mansour, 2009). For example, Ireland et al. 

(2011) found that teachers’ conceptions of inquiry-based teaching differed in three ways, and 

Furtak and Alonzo (2009) found that teachers may adopt certain aspects of reforms-based 

practices; such as integrating hands-on activities, but did not teach the nature of science, focus on 

real-life issues, or incorporate student choice. An important aspect of understanding elementary 

teachers’ science teaching philosophy is that changes in beliefs may only be successful if 

individuals are aware of their current beliefs and then are willing and open to changing them to 

address a need or meet curricular or teaching goals (Mansour, 2009; Rokeach, 1968).      

Counter to expectations, the results of the MMR analysis indicated that experience had a 

slight negative relationship to the amount of time early elementary teachers spent on science 

instruction. In fact, analysis of the six moderated multiple regression models shown in Figures 4-

10, show that experience resulted in a negative standardized regression coefficient in five of six 

models which means that as teachers were gaining years of classroom experience at the K-2 

grade levels they were spending less time on science instruction. Sowder and Harward (2011) 

argued that elementary teachers are constrained to spending more time on reading and 

mathematics instruction due to the current structure of accountability standards. The emphasis on 

meeting state-set goals for grade level reading and mathematics performance places pressure on 

teachers to reduce instructional time for non-tested subjects (Clark & Lott, 2017; ECS, 2017; 

Sandholtz & Ringstaff, 2014; Trygstad, 2013). These results imply that schools and educational 

organizations may consider ways to hold science instruction accountable at all grade levels while 

providing the necessary support for their teachers. Borko (2004) found that teacher knowledge 

and practices can change through strong professional development and professional learning 

communities; however, in both cases learning and change takes time and support. Furthermore, 
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in all models the covariate, science background, was a significant predictor of time spent on 

science suggesting that science content knowledge should be a focus of elementary teacher 

preparation. Olsen et al., (2015) found that EPP requirements were highly variable for science, 

but in general students took fewer science content courses than other subjects. Therefore, 

elementary teachers need opportunities to gain more science content knowledge during their 

EPP. In order for teachers to capitalize on learning-by-doing within their teaching context, they 

need sustained science-focused professional development and professional learning communities 

that foster growth and development in science instruction.        

Recommendations for Research 

 As noted in the implications, this study was unable to examine the progression of science 

teaching efficacy beliefs and science teaching philosophy based on years of experience due to the 

highly variable sample size. In general, the impact of teaching experience on science teaching is 

still unclear, and large scale studies focused on K-5 teachers’ annual progressions of science 

teaching and learning would be highly informative for administrators and professional 

developers. For example, there is a lack of longitudinal research in this area which would enable 

researchers to consider how various contextual factors may impact the rate and direction of 

teacher development. Furthermore, research concerning the influence of school context on both 

science teaching efficacy beliefs, science teaching philosophy, and rate of weekly science 

instruction would further understanding of the level of support needed to promote positive 

changes in elementary science instruction. It is also important that future research seeks to 

understand how preservice teachers’ beliefs about elementary science teaching and learning are 

impacted by their EPP experience; such as the number and type of science courses, classroom 

observations, and cooperating teachers. 
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An additional limitation of this study was the reliance on self-reporting for the measure of 

time spent on science instruction. This study defined rate of weekly science instruction as the 

number of days per week science instruction is planned, and observations of actual instruction 

were not performed. Researcher observations of science instruction would provide data 

pertaining to the amount of science instruction in terms of minutes per day and describe the 

instructional methods chosen for various types of science content. Future research that 

incorporates observations of the quantity and quality of weekly science instruction would 

provide a more nuanced understanding of the dichotomous science teaching beliefs held by 

elementary teachers. While research supports that the quantity of science instruction impacts 

student achievement (Blank, 2013; ECS, 2017; NSTA, 2018), the integration of innovational 

science instruction for elementary students may increase engagement and generate long-term 

interest in science (Anderson et al., 2011; DeJarnette, 2012; Epstein & Miller, 2011; Eshach & 

Fried, 2005). As Mansour (2009) argued, changing science teacher beliefs requires individuals to 

reflect on their current beliefs in the context of how those beliefs are limiting their curricular and 

instructional goals.          

Conclusion 

The present research provided insight into the extent to which classroom teaching 

experience moderates the relationship between science teaching efficacy beliefs, science 

teaching philosophy, and the amount of weekly science instruction planned by K-2 grade level 

teachers. Contrary to the expectations of teacher development, the results suggest that as K-2 

teachers gained experience they spent less time per week on science instruction. In addition, 

there was no evidence that experience moderated science teaching efficacy or science teaching 

philosophy. Broadly speaking, the results from this study indicate that early elementary teachers 
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need more opportunities to master science instruction, engage in collegial interactions 

concerning science teaching and learning, and reflect on their beliefs about science instruction in 

order to influence science teaching efficacy beliefs and science teacher beliefs.  

One of the goals of this study was to examine the science instructional beliefs held by in-

service elementary teachers with a wide range of experience. Since the current status of 

elementary science is a concern for policymakers, administrators, and professional developers, it 

was beneficial to investigate this teacher population to inform the planning of funding programs, 

curricular materials, and professional support. This interest in elementary science stems from the 

fact that generalist teachers tend to have lower efficacy for science teaching and may have 

formed traditional beliefs about science teaching from their own experience as science learners 

(Appleton & Kindt, 2002; Buss, 2010; Walan et al., 2016). Overall, the participants’ responses 

had lower science teaching efficacy beliefs which aligns with the extant research; however, due 

to the high variability of experience presented by the participants their levels of science teaching 

efficacy were not compared to the expectations set forth by the stages of teacher development 

framework such as those outlined by Berliner (1988), Kagan (1992b), and NSDC (2008). 

Moreover, the participants’ science teaching philosophy was part traditional and part reforms-

based. This dichotomous perspective of beliefs about science teaching and learning has been 

referred to as nested beliefs in other studies noting that teachers tend to embrace certain aspects 

of reforms-based instruction (Bryan, 2003; Mansour, 2009; Tsai, 2002). This study found that 

the maintenance of traditionally held beliefs about science may hinder elementary teachers 

development in science instruction and inhibit changes in science teaching efficacy beliefs 

leading to less integration of science into weekly instruction (Savasci & Berlin, 2012). 
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Importantly, the main effects of independent variables which were defined by the 

subscales of the STEBI and BARSTL instruments were not found to be significant predictors of 

time spent on science instruction. In addition, the interaction terms which combined standardized 

scores for the independent variables (PSTE, STOE, How people learn about science, Lesson 

design and implementation, Characteristics of teachers and the learning environment, and Nature 

of the science curriculum) and years of experience to define the extent to which the moderating 

variable changes the relationship between the predictor and outcome were not significant. This 

implies that early elementary classroom teaching experiences are not providing the context 

needed for meaningful change in science teaching efficacy and science teacher beliefs.  

While the research examining how teacher experience impacts student achievement has 

shown mixed results, this study indicates that when considering generalist teachers experience 

must be considered in terms of the subject matter being taught. Experience is positively 

associated with student achievement in readings and mathematics (Papay & Kraft, 2016); 

however, these subjects account for the majority of instructional time in elementary classrooms 

(ECS, 2017; Sowder & Harward, 2011; Mansour, 2009; Sandholtz & Ringstaff, 2014). The 

conclusion drawn from this study which did not reject the null hypothesis, stating that experience 

will have no moderating effects on the relationship between science teaching efficacy, science 

teaching philosophy, and rate of weekly science instruction, is that K-2 teachers are not 

developing high levels of science teaching efficacy or reforms-based beliefs about science 

teaching because they spend more time teaching other subjects. Eraut (1977) argued that teacher 

development is not wholly organic and should be fostered within the teaching context; 

problematically, K-2 teachers may not be engaging in professional development programs, 

collaborating with other teachers, or have the resources needed to effectively develop strong 
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science pedagogical skills. Future research should include longitudinal studies with a focus on 

contextual variables and larger scale studies that examine teachers at different stages of 

development could add to the understanding of how generalist elementary teachers develop 

science teaching skills.    
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APPENDICES 

Appendix A 

Science Teaching Efficacy Belief Instrument* 

Please indicate the degree to which you agree or disagree with each statement below by circling the appropriate letters to the 

right of each statement. 

 
 

 

SA = 

 

 

Strongly Agree 

     

A = Agree      

UN = Uncertain      

D = Disagree      

SD = Strongly Disagree      

1. When a student does better than usual in science, it is often because the teacher exerted a little 

extra effort. 
SA A UN D SD 

      2. I am continually finding better ways to teach science. SA A UN D SD 

3. Even when I try very hard, I don't teach science as well as I do most subjects. SA A UN D SD 

4. When the science grades of students improve, it is most often due to their teacher having found a 

more effective teaching approach. 
SA A UN D SD 

      5. I know the steps necessary to teach science concepts effectively. SA A UN D SD 

6. I am not very effective in monitoring science experiments. SA A UN D SD 

7. If students are underachieving in science, it is most likely due to ineffective science teaching. SA A UN D SD 

8. I generally teach science ineffectively. SA A UN D SD 

9. The inadequacy of a student's science background can be overcome by good teaching. SA A UN D SD 

10. The low science achievement of some students cannot generally be blamed on their teachers. SA A UN D SD 

11. When a low achieving child progresses in science, it is usually due to extra attention given by the 

teacher. 
SA A UN D SD 

12. I understand science concepts well enough to be effective in teaching elementary science. SA A UN D SD 

13. Increased effort in science teaching produces little change in some students' science achievement. SA A UN D SD 

14. The teacher is generally responsible for the achievement of students in science. SA A UN D SD 

15. Students' achievement in science is directly related to their teacher’s effectiveness in science 

teaching. 
SA A UN D SD 
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16. If parents comment that their child is showing more interest in science at school, it is probably 

due to the performance of the child’s teacher. 
SA A UN D SD 

17. I find it difficult to explain to students why science experiments work. 
SA A UN D SD 

18. I am typically able to answer students' science questions. SA A UN D SD 

19. I wonder if I have the necessary skills to teach science. SA A UN D SD 

20. Effectiveness in science teaching has little influence on the achievement of students with low 

motivation. 
SA A UN D SD 

21. Given a choice, I would not invite the principal to evaluate my science teaching. SA A UN D SD 

22. When a student has difficulty understanding a science concept, I am usually at a loss as to how to 

help the student understand it better. 
SA A UN D SD 

23. When teaching science, I usually welcome student questions. SA A UN D SD 

24. I don't know what to do to turn students on to science. SA A UN D SD 

25. Even teachers with good science teaching abilities cannot help some kids learn science. SA A UN D SD 

*In Riggs, I., & Knochs, L. (1990).  Towards the development of an elementary teacher’s science teaching efficacy 
belief instrument. Science Education, 74, 625-637. 
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Appendix B 

Beliefs About Reforms Based Science Teaching and Learning Instrument 

  



 Texas Tech University, Angela Schroeder, December 2019 

115 
 

 

 

 

 



 Texas Tech University, Angela Schroeder, December 2019 

116 
 

Appendix C 

STEBI Item Statistics 

Table 18 

 

Item-Total Statistics for STEBI  

 Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected 

Item-Total 

Correlation 

Squared 

Multiple 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

Item 2 87.77 92.518 .373 .375 .853 

Item 3 88.52 88.971 .435 .474 .851 

Item 5 88.02 91.797 .492 .526 .849 

Item 6 88.08 90.702 .468 .632 .850 

Item 8 87.83 89.983 .584 .630 .846 

Item 12 87.72 91.439 .493 .642 .849 

Item 17 87.90 90.720 .531 .489 .848 

Item 18 87.81 92.919 .448 .457 .851 

Item 19 88.03 89.651 .505 .693 .848 

Item 21 88.11 90.370 .353 .547 .855 

Item 22 87.84 92.447 .515 .491 .850 

Item 23 87.44 95.710 .369 .369 .854 

Item 24 87.77 90.496 .518 .574 .848 

Item 1 88.04 89.998 .410 .552 .852 

Item 4 87.87 91.173 .449 .562 .850 

Item 7 88.34 92.655 .340 .437 .854 

Item 9 87.72 95.753 .226 .328 .857 

Item 10 88.77 91.507 .374 .411 .853 

Item 11 88.07 90.018 .523 .561 .848 

Item 13 88.30 92.437 .332 .473 .854 

Item 14 87.98 94.719 .247 .452 .857 

Item 15 88.22 94.422 .232 .537 .857 

Item 16 88.10 89.484 .526 .578 .848 

Item 20 88.29 91.174 .428 .413 .851 

Item 25 88.24 95.041 .187 .479 .859 
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Appendix D 

BARSTL Item Statistics  

Table 19 

 

Item-Total Statistics for BARSTL 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected 

Item-Total 

Correlation 

Squared 

Multiple 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

Item 1r 84.95 39.285 .128 . .752 

Item 2r 85.14 38.064 .341 . .740 

Item 3t 84.76 39.447 .191 . .748 

Item 4t 86.22 41.569 -.163 . .766 

Item 5r 85.69 40.135 .043 . .754 

Item 6t 85.93 42.201 -.275 . .768 

Item 7t 85.09 38.224 .281 . .743 

Item 8r 84.68 37.811 .343 . .740 

Item 9r 85.24 38.022 .290 . .743 

Item 10r 85.01 37.383 .380 . .737 

Item 11t 85.64 38.728 .206 . .747 

Item 12t 85.95 40.189 .026 . .756 

Item 13r 84.68 37.428 .363 . .738 

Item 14r 84.68 39.154 .157 . .750 

Item 15t 85.01 36.726 .470 . .732 

Item 16t 85.41 37.121 .400 . .736 

Item 17r 84.99 37.027 .487 . .732 

Item 18t 84.84 38.740 .234 . .746 

Item 19r 84.47 37.842 .358 . .739 

Item 20r 85.07 38.393 .281 . .743 

Item 21t 84.85 38.457 .346 . .741 

Item 22t 85.78 38.090 .262 . .744 

Item 23t 84.78 37.076 .550 . .731 

Item 24r 85.00 37.288 .463 . .734 

Item 25r 85.16 38.001 .324 . .741 

Item 26t 85.01 39.767 .079 . .754 

Item 27t 84.85 40.210 -.013 . .764 

Item 28r 85.01 37.657 .397 . .737 

Item 29t 84.92 38.295 .300 . .742 

Item 30r 85.49 35.787 .451 . .731 
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Item 31t 84.89 37.988 .364 . .739 

Item 32r 85.05 39.504 .134 . .750 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Texas Tech University, Angela Schroeder, December 2019 

119 
 

Appendix E 

Approval for Research 1 
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Appendix F 

Approval for Research 2 

---------- Forwarded message --------- 

From: Patrick Jones <Patrick.Jones@midlandisd.net> 

Date: Tue, Apr 16, 2019 at 4:41 PM 

Subject: Re: Dissertation Research Request 

To: Lisa Neighbors <lisa.neighbors@midlandisd.net> 

 

Approved as long as we are a beneficiary of the results.  

 

Patrick Jones 

Chief Academic Officer 

Midland Independent School District 

Office 432-240-1005 

Fax 432-689-1976 

patrick.jones@midlandisd.net 

 

On Tue, Apr 16, 2019 at 10:15 AM Lisa Neighbors <lisa.neighbors@midlandisd.net> wrote: 

Will you approve this? 

Lisa Neighbors 

Executive Director of Elementary Education 

Midland ISD 

432-240-1012 

 

---------- Forwarded message --------- 

From: Schroeder, Angela <Angela.Schroeder@ttu.edu> 

Date: Mon, Apr 15, 2019 at 10:49 AM 

Subject: Dissertation Research Request 

To: lisa.neighbors@midlandisd.net <lisa.neighbors@midlandisd.net> 

 

mailto:Patrick.Jones@midlandisd.net
mailto:lisa.neighbors@midlandisd.net
mailto:patrick.jones@midlandisd.net
mailto:lisa.neighbors@midlandisd.net
mailto:Angela.Schroeder@ttu.edu
mailto:lisa.neighbors@midlandisd.net
mailto:lisa.neighbors@midlandisd.net
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Good morning, Ms. Neighbors,  

 

My name is Angela Schroeder and I emailed last week concerning sending surveys to 

Midland ISDs K-2 teachers. I am working to complete my dissertation through Texas Tech 

University's Curriculum & Instruction-STEM emphasis doctoral program. My research 

focuses on the beliefs and needs of early elementary teachers in regards to science 

instruction. I am requesting permission to include Midland ISD teachers in this research in 1 

of 2 ways: 1) send Midland ISD elementary teachers a link to an online survey through their 

school email accounts or 2) communicate with elementary campus principals to have the 

survey sent to teacher participants. The survey should take approximately 12-15 minutes 

and may be completed at their convenience with no interruption of the school work day.   

 

This research will not identify any individuals, any district information, or any other 

personally identifying data or results. I have recruited multiple districts to gain the 

appropriate sample population and these districts were selected due to the similarity of 

their student populations and no identifying information will be used in the dissertation or 

potential subsequent publications. 

 

For the purposes of the research, I am only seeking the participation of K-2 grade level 

teachers. This study has IRB approval (IRB2019-348) and dissertation committee chair 

oversight. This research will not collect personal information of teachers or students, and 

data collection consists of an online survey format with all privacy settings enabled. 

 

Thank you for your time, 

 

Angela Schroeder, M.Ed. 

Doctorate Candidate 

Texas Tech University, Dept. of Curriculum & Instruction 

angela.schroeder@ttu.edu 

 

-------------------------------------- 

Lisa Neighbors 

Executive Director of Elementary Education 

Midland ISD 

432-240-1012 

 

 

 

mailto:angela.schroeder@ttu.edu
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Appendix G 

Approval for Research 3 

Barton, Abigayle R <abigayle.barton@abileneisd.org> 

  

Reply all| 
Mon 5/6, 10:06 AM 

Principals - Elementary <Principals-Elementary@abileneisd.org>;  

Schroeder, Angela  

Inbox 

Good morning! 

Would you please forward the email below to K-2 teachers?  This is an approved research 
proposal. 

Thank you! 

  

  

  

From: "Schroeder, Angela" <Angela.Schroeder@ttu.edu> 
Subject: Texas Tech University Research Request 

  
My name is Angela Schroeder and I am working to complete my dissertation through Texas 
Tech University's Curriculum & Instruction-STEM emphasis doctoral program. I am seeking 
permission to either send AISD teachers a link to an online survey through their school email 
accounts or to communicate with elementary campus principals to have the survey sent to 
teacher participants. Other area districts are included and have already been sent the survey 
and I have included AISD due to the similarity of their student populations. No identifying 
information will be used in the dissertation or potential subsequent publications. Please 
indicate if I may move forward with this project. 
  
For the purposes of the research, I am only seeking the one time participation of K-2 grade level 
teachers. This study has IRB exempt approval (IRB2019-348) and dissertation committee chair 
oversight. This research will not collect personal or identifying information of campuses, 
teachers, or students, and data collection consists of an anonymous online survey format with 
all privacy settings enabled. Below is an example of an email I have sent to teachers for 
participation: 

mailto:Angela.Schroeder@ttu.edu
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Dear Elementary teacher, 
  
I am asking you to participate in this research study about elementary teachers’ beliefs about 
science teaching and learning. Your participation is completely voluntary, and we sincerely 
appreciate your time and effort. There are no risks physically, socially, or legally in conducting 
this study. Also, your participation is completely anonymous and will not influence your social 
status, financial standing, employability, or reputation. Although you may not directly benefit 
from this study, your participation will likely contribute to improved science teaching and 
learning at the elementary level and increase understanding about elementary science teaching 
within the teacher education community.  
You will be asked to only complete an online survey using the link below: 
https://www.surveymonkey.com/r/XJVPWGN 
 
This study should only take 12-15 minutes to complete, and you can stop at any point and skip 
any questions you prefer not to answer. There are no foreseeable risks to your participation. To 
protect your confidentiality, no names will be collected.  
 
Identifiers might be removed from the identifiable private information and that, after such 
removal, the information or could be used for future research studies or distributed to 
another investigator for future research studies without additional informed consent from 
the subject or the legally authorized representative. 
 
If you have any questions about this research, please contact Dr. Jessica 
Gottlieb; jessica.gottlieb@ttu.edu. If you have questions about your rights as a research 
participant, contact the Texas Tech University, Human Research Protection Program at 806-
742-2064 or hrpp@ttu.edu. 
The survey should take no more than 12 to 15 minutes of your time and all responses are 
anonymous. The link will remain open until May 24, 2019. 
https://www.surveymonkey.com/r/XJVPWGN 

  
Thank you for taking the time to help me with this research, 
  
Angela Schroeder, M.Ed., Co-investigator 

Dr. Jessica Gottlieb, Principal Investigator 

Texas Tech University 

  
Thank you for your time and consideration, 
  
Angela Schroeder, M.Ed. 
Doctorate Candidate 

Curriculum & Instruction-STEM emphasis Texas Tech University 

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.surveymonkey.com%2Fr%2FXJVPWGN&data=02%7C01%7CAngela.Schroeder%40ttu.edu%7C2c59ee321e4647321e9408d6d23470a6%7C178a51bf8b2049ffb65556245d5c173c%7C0%7C0%7C636927520010290245&sdata=6uDfpXq82tSiUv9gsNdSdWuecA%2F3RksFq%2B2PMx%2FnvAY%3D&reserved=0
mailto:jessica.gottlieb@ttu.edu
mailto:hrpp@ttu.edu
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.surveymonkey.com%2Fr%2FXJVPWGN&data=02%7C01%7CAngela.Schroeder%40ttu.edu%7C2c59ee321e4647321e9408d6d23470a6%7C178a51bf8b2049ffb65556245d5c173c%7C0%7C0%7C636927520010300250&sdata=x2dHMD%2By4YNMxhVPUktw1lCLRbEjMlo84tcRbHwtJWA%3D&reserved=0
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Appendix H 

BARSTL CFA Model 

 

 

Figure 3: CFA model examined in AMOS Graphics 25 for the BARSTL parceled items based on N=79 with standardized estimates. 
Model fit indices indicated an acceptable fit (IBM, 2017). 
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Appendix I 

STEBI CFA Model 

. 

 

Figure 4: CFA model examined in AMOS Graphics 25 for the STEBI items based on N=99 with standardized estimates. Model fit 
indices indicating an acceptable fit (IBM, 2017). 

 




