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ABSTRACT 
 

Current literature reveals that researchers are not using student perceptions as a 

large component to their data collection nor as an avenue to investigate how students pick 

up on their teachers’ self-efficacy (SE) for, interest in, and enjoyment of science teaching. 

In my dissertation, I explored the relationship between teacher beliefs, student 

perceptions of teacher beliefs, and student beliefs by developing and implementing 

instrumentation measuring students’ perceptions of their teachers’ SE, interest, and 

enjoyment for science and science teaching.  

In an effort to measure elementary students’ perceptions of their teacher’s SE, 

interest, and enjoyment of science and science teaching, I developed nine instruments and 

established reliability (a) for each. These instruments are the: (a) Teacher Instrument for 

Science Self-Efficacy (a = .852); (b) Teacher Instrument for Science Interest (a = .900); 

(c) Teacher Instrument for Science Enjoyment (a = .923); (d) Student Perceptions of 

Teacher Self-Efficacy Instrument (a = .635); (e) Student Perceptions of Teacher Interest 

Instrument (a = .661); (f) Student Perceptions of Teacher Enjoyment Instrument (a = 

.762); (g) Student Instrument for Science Self-Efficacy (a = .723); (h) Student Instrument 

for Science Interest (a = .767); and (i) Student Instrument for Science Enjoyment (a = 

.763). I administered these instruments to grade 3 elementary teachers (NT = 7) and grade 

3 students (NS = 73) in three combined surveys: The Teacher Instrument for Science Self-

Efficacy, Interest, and Enjoyment, which was made up of 51 Likert-scale items with six 

open-ended response prompts; the Student Instrument for Perceptions of Self-Efficacy, 

Interest, and Enjoyment of Science, which was made up of 25 Likert-scale items; and the 
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Student Instrument for Science Self-Efficacy, Interest, and Enjoyment, which was 

composed of 24 Likert-scale items.  

The results of a MANOVA showed that there were no differences between 

groups, in this case teachers, when considering either student perceptions or student 

beliefs. The results of regression analysis showed that student perceptions of their 

teachers’ self-efficacy, interest, and enjoyment of science and science teaching are 

predictive of student interest in and enjoyment of science. Finally, the results of an SEM 

analysis showed specific predictive pathways that exist between the independent 

variables (perceptions of self-efficacy, interest, and enjoyment) and the dependent 

variables (student self-efficacy, interest, and enjoyment). More specifically, student 

perceptions of teacher self-efficacy predicted student interest; student perceptions of 

teacher interest predicted student interest and enjoyment; and student perceptions of 

enjoyment predicted student self-efficacy, interest, and enjoyment of science. 

Overall, I found that students generally perceive their teachers’ beliefs in science 

more negatively than teachers report for themselves and that student perceptions of their 

teachers’ beliefs are predictive of their own beliefs in science. These results hold 

implications for both research and practice. More specifically, my research provides a 

meaningful application of student perceptions and gives it weight to be considered in 

other areas of educational research such as teacher preparation and student achievement. 

 My research provides more support for the impact teacher unpreparedness has on 

student belief development and on student achievement, given that my research has 

shown that student perceptions of their teacher SE, interest, and enjoyment are predictive 

of student beliefs in science. As educational researchers, we have to pay more attention to 

elementary teacher preparation in science. When teachers are not self-efficacious in 
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science, they have a lower interest in science, thus enjoying it less and further 

perpetuating the cycle of beliefs development. My research in teacher and student beliefs 

supports what is already known about elementary teacher SE while also adding new 

findings regarding teacher interest and enjoyment of science. Further, by including 

student perceptions, we can continue to gauge the current conditions of various aspects of 

elementary teacher preparation and practice in science and reconsider its impacts. 
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CHAPTER 1 

INTRODUCTION 

Problem 

Teachers’ self-efficacy (SE) in science plays a significant role in student learning 

and achievement (Britner & Pajares, 2005; Kazempour, 2013; Mansfield & Woods-

McConney, 2012). Likewise, the way in which a teacher approaches science may convey 

their interest (or lack of interest) and enjoyment (or lack of enjoyment) for science to 

their students. Furthermore, a teacher’s approach to science may have an impact upon the 

development of a student’s SE, interest, and enjoyment for science. These teacher beliefs 

have the potential to impact the student’s likeliness to pursue science-related interests 

later in life (Renninger & Hidi, 2015). However, how elementary school students 

perceive their teachers’ SE, interest, and enjoyment of science is still unknown. By 

identifying the degree to which a student perceives their teacher’s SE, interest, and 

enjoyment toward science in elementary school, researchers can help inform elementary 

teacher training in science education, and potentially improve how science teaching and 

learning occur in elementary schools. 

SE for teaching has been a much-studied phenomenon due in part to the impact it 

has on teacher attitudes and quality, as well as the implications these hold for student 

learning. Teacher SE has a direct impact on the classroom environment, as studied 

extensively within a multitude of educational arenas. Efficacy was first presented by 

Rotter (1966) under the context of teaching reading. Rotter’s initial idea of efficacy 

entailed a teacher’s general ability to control his actions and attitudes, as well as the 

manifestations of such, in the classroom (Goddard, Hoy, & Hoy, 2000). Bandura (1977) 

further studied and refined Rotter’s work, and specifically defined SE as “…[one’s] 
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beliefs in one’s capabilities to organize and execute the courses of action required to 

produce given attainments” (Bandura, 1997, p. 3). In other words, SE concerns the way 

in which one believes in their own abilities to carry out specific tasks. A teacher’s SE 

about their teaching capabilities within a particular content area may, in turn, influence 

their classroom practices (e.g., leading students in inquiry-based science instruction) 

(Pajares, 1996). 

Elementary teacher SE can vary significantly across the many content areas they 

teach. Buss (2010) found that elementary teachers exhibit lower SE towards science and 

mathematics teaching than they do for other content areas. Buss posits, “…the lowest 

efficacy belief scores for…science may result because participants assessed themselves 

as being less knowledgeable with respect to science…and thus judge themselves as being 

less able to effectively deliver instruction in science reducing the efficacy scores for this 

content area” (pp. 295-296). These findings are particularly vital to this study because 

students may be astute to their teachers’ feelings of inadequacy for delivering science 

content and may internalize this inadequacy while developing their own system of beliefs 

towards science. 

Interest is another important factor to consider in both the teacher and the student, 

especially in regard to student perceptions of their teacher. Renninger and Hidi (2015) 

define interest as “…a psychological state and a motivational disposition that exists in, or 

is the product of, the interaction of people’s characteristics and their environment” (p. 8). 

My study considers the cognitive and motivational aspects of interest, as well as the 

feelings (enjoyment) associated with science and science teaching. Dewey (1913) speaks 

to the impact a lack of interest has on the classroom: “It dissipates energy, and forms a 

habit of dependence upon such meaningless excitations, a habit most averse to sustained 
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thought and endeavor” (p. 91). In other words, to promote an environment of science 

learning, a teacher must attract and sustain their students’ attention in the content; is the 

teacher able to achieve this, if they themselves are disinterested in or do not enjoy 

science?  

 This dissertation study considers the relationship that exists between SE, interest, 

and enjoyment for science and science teaching in an effort to gain understanding of the 

magnitude with which these constructs affect the potential development of SE, interest, 

and enjoyment for science in elementary students (Renninger & Hidi, 2015). Bandura and 

Schunk (1981) stress the importance of the relationship between SE and interest: “A 

sense of personal efficacy in mastering challenges is apt to generate greater interest in the 

activity than is self-perceived inefficacy in producing competent performances” (p. 587), 

meaning that an increase in SE can support and advance the development of interest. 

Bong, Lee, and Woo (2015) further explored the relationship between SE and interest and 

found “… strong support for [their] conjecture that interest and self-efficacy are more 

heavily dependent on each other in mathematics and science than in other subject areas” 

(p. 39). As previously presented in Buss’s (2010) work, this has considerably more 

weight when focusing on elementary teachers. 

Thus far, researchers have examined the relations between SE, interest, and 

enjoyment in relation to only students or only teachers. However, to my knowledge, no 

research has investigated the crossover relations of teacher SE, interest, and enjoyment on 

student SE, interest, and enjoyment of science. Renninger and Hidi (2015) point out that 

interest is further developed through the support of others, indicating that a teacher could 

play a significant role in the student development of SE and interest. They have also 

ascertained that the more interest is developed within a specific domain, the more 
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positively-associated emotions are activated, leading to more enjoyment of a topic, 

perpetuating even further development of interest (Renninger & Hidi, 2015). By 

identifying and exploring the relations between SE, interest, and enjoyment, and how 

teacher SE, interest, and enjoyment affects student SE, interest, and enjoyment, educators 

can design more effective experiences to guide elementary teacher practices in science.  

Purpose 

 I set three goals for my dissertation study. First, I examined the potential 

relationship between elementary student perceptions of their teacher’s self-efficacy, 

interest, and enjoyment for science and science teaching and their teacher’s own report of 

SE, interest, and enjoyment for science and science teaching. I did this by asking teachers 

to respond to a 51-item Likert-scale questioning them about their SE, interest, and 

enjoyment of science and science teaching. Students were asked to do the same using a 

similar, yet shorter, survey asking what they think their teacher’s SE, interest, and 

enjoyment of science would be rated. By doing this, I hoped to unveil that students are 

more attuned to their teachers’ attitudes towards a content area than previously assumed. 

Second, I explored the impact students’ perceptions have on their own 

development of SE, interest, and enjoyment of science. More specifically, I wanted to 

know if student perceptions of their teacher’s SE, interest, and enjoyment of science were 

predictive of students’ reports of SE, interest, and enjoyment of science. I wanted to 

better understand what students perceived about their teachers’ beliefs in their ability to 

teach science, as well as teachers’ interest in and enjoyment of science. Further, I wanted 

to know if student perceptions had an effect on students’ beliefs about science. In other 

words, did students’ perceptions of their teachers’ attitudes and feelings towards science 
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shape and predict the student’s own development of SE, interest, and enjoyment for 

science? 

 Lastly, I looked at the relationship between teacher report of these constructs, and 

how students self-reported on the same constructs. The purpose of this goal was to 

emphasize the importance of teacher SE, interest, and enjoyment of science and science 

teaching on student development of SE, interest, and enjoyment of science. An 

elementary education builds the foundation for later knowledge construction and 

motivation to continue to learn science. If teacher beliefs and feelings are impacting those 

of elementary students, I think changes to elementary teacher preparation programs need 

to be made. 

Research Questions 

Studies in student perception are slowly beginning to gain traction in educational 

research. Kunter, Tsai, Klusmann, Brunner, Krauss, and Baumert’s (2008) results suggest 

that if students perceive their teachers’ fear or dislike for science, this may negatively 

impact elementary student SE and interest for science. In response to these findings, 

others similar to these findings, and the potential relations between SE, interest, and 

enjoyment, I developed the following research questions to guide my study:  

RQ1a: How do elementary students’ perceptions of their teacher’s self-efficacy, 

interest, and enjoyment for science and science teaching compare to their teacher’s own 

report of self-efficacy, interest, and enjoyment for science and science teaching?  
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RQ1b: How do elementary students’ report of their own SE, interest, and enjoyment 

for science compare to their teacher’s own report of SE, interest, and enjoyment for 

science? 

RQ2: Are elementary student perceptions of their teacher’s self-efficacy, interest, 

and enjoyment of science and science teaching predictive of elementary student self-

efficacy, interest, and enjoyment of science?  

Significance 

Beliefs teachers may hold have a tendency to be shared amongst peers within a 

faculty. For instance, members of a science department may share similar beliefs with 

each other as a result of daily interactions (Siciliano, 2016). Students interact with their 

teachers more throughout the day than teachers interact with their colleagues. Take into 

consideration the length of a class versus the opportunities colleagues have in a single 

day to interact. Given this information, it is not unreasonable to hypothesize that students 

would tend to share similar beliefs as their teachers. This has potential implications for 

science education in regard to the impact elementary teachers’ beliefs towards science 

have on their students. Siciliano (2016) found that over the course of a year, teachers 

began adopting their colleagues’ negative outlooks on various aspects of their school. In a 

similar fashion, elementary students may adopt negative beliefs towards science as a 

result of their teacher’s low SE and explicit disinterest in the subject. It is possible that 

the student would carry these negative beliefs with them throughout their schooling until 

another teacher provides different experiences for the student to influence their beliefs 

about science in a more positive way. 

A person’s experiences, whether they be first-hand or not, contribute to one’s 

system of beliefs in terms of the way in which she views her capabilities of performing 
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various actions. These beliefs contribute to one’s future plans of action and their 

expectations of their own successes or failures in performing a specific task (Bandura, 

1991). The literature supports that this is also applicable to one’s interest development 

and their feelings associated with these tasks (Renninger & Hidi, 2015). Under his 

definition of SE, Bandura (1991) presented four classifications of experiences that 

contribute to the development of SE. These four classifications are also applicable to 

one’s interest and enjoyment development. 

Each of these classifications of experiences is explained further in the Literature 

Review. The first classification is mastery experiences. Mastery experiences come from 

first-hand experiences with a specific task. The second classification is identified as 

vicarious experiences, or an individual observing a task being carried out by someone 

else. Social persuasion is the third contributing experience to one’s SE. Social persuasion 

concerns the encouragement, or lack of encouragement, one receives from others. Lastly, 

Bandura suggested that emotional (or physiological) responses contribute to building 

one’s SE. This refers to the feelings (or biological responses) associated with a task 

evoked by one’s experiences (Bandura, 1971). These opportunities, particularly, first-

hand experiences and observations of others, are important to the development of SE 

(Bandura, 1991), interest and enjoyment (Renninger & Hidi, 2015), and could be a 

missing link for building a strong science foundation during a student’s elementary 

school experience. 

Given these examples under Bandura’s considerations of contributing factors to 

efficacy, it is evident the importance opportunities such as those presented have on 

teacher SE for content. As Kırık (2013) points out, elementary teacher preparation is 

lacking in terms of science, specifically in methodology instruction and content 
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knowledge. Elementary teachers are often not taught how to create and facilitate a 

laboratory-like activity for their students. Further, they may lack the content knowledge 

needed in order to know where to begin in creating such an activity. The hurdle of 

content knowledge may be able to be overcome if elementary teachers are presented with 

more opportunities to construct science-related lessons (building upon mastery 

experiences) within their undergraduate courses or are provided with more opportunities 

to observe secondary science teachers (vicarious experiences) in order to build SE in 

science content pedagogy. As highlighted by Renninger and Hidi (2015), the relationship 

between SE and interest is complementary, with SE potentially aiding in interest 

development (and vice-versa). By strengthening one, the other could naturally follow in 

order to produce elementary teachers that are more self-efficacious, interested in, and 

who genuinely enjoy science, in order to shape students that are self-efficacious, 

interested in, and who enjoy science.   

Definition of Terms 

This section presents the terms and definitions used throughout my dissertation 

study. 

• Self-Efficacy – Self-efficacy (SE) concerns one’s thoughts and beliefs 

surrounding their ability to perform a particular task. SE is task-specific 

and can change as an individual is influenced by various types of 

experiences.   

• Mastery Experiences – Mastery experiences are experiences in which an 

individual engages for themselves that contribute to their SE development. 

In other words, an experience in which the individual participates first-
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hand will contribute to that individual’s mastery experiences that shape 

their system of beliefs in completing similar tasks (Bandura, 1991). 

• Vicarious Experiences – Vicarious experiences are those which the 

individual observes being carried out by another. Watching another carry 

out a similar task successfully increases one’s own beliefs in their own 

abilities in carrying out a similar task (Bandura, 1991).  

• Social Persuasion – Social persuasion is considered positive or negative 

feedback one receives from others, in regard to their own abilities to carry 

out specific, similar tasks. This is often in the form of coaching or 

mentoring (Bandura, 1991). 

• Emotional Responses – Often grouped with physiological responses, 

emotional responses are the psychological (as opposed to physiological) 

feelings elicited by participation in a specific task. Positive emotional 

responses contribute to higher reports of SE, whereas negative emotional 

responses contribute to lower reports of SE (Bandura, 1991). 

• Interest – The definition used in this study is put forth by Renninger and 

Hidi (2015): “…interest is a psychological state and a motivational 

disposition that exists in, or is the product of the interaction of people’s 

characteristics and their environment” (p. 8). In other words, interest 

dictates one’s actions, feelings, engagement and learning (p. 8), while also 

influences concentration, attention, effort and affect (p. 9) paid towards a 

particular task. Interest is also task-specific and can change as an 

individual encounters different experiences. 
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• Situational Interest – Situational interest is composed of the early phases 

of interest development, including triggered and maintained situational 

interest. This is the preliminary phase in which curiosity can grow into a 

more sustained level of interest, depending upon the level of engagement 

with a topic one experiences (Renninger & Hidi, 2015). 

• Individual Interest – Individual interest is made up of the latter two phases 

of interest development. These two latter stages are emerging individual 

interest and well-developed individual interest. These phases mark the 

point at which an individual experiences positive emotion associated with 

a task, is able to weather frustrations of the task, and processes a 

willingness to continue engagement of the task (Renninger & Hidi, 2015). 

• Curiosity – Curiosity is the beginning sign of situational interest 

development. In this way, curiosity provides an “opportunity for new 

information and greater understanding” (Reeve, Lee, & Won, 2015). From 

the starting point of curiosity, interest can be developed further. 

• Confidence – Confidence is one’s own perception of their level of 

correctness about a particular topic. Confidence is a reflective construct, 

meaning that it is developed after a person’s knowledge acquisition seems 

to be complete. It, too, is subject-specific, and can fluctuate with the 

addition of new information (Cordova, Sinatra, Jones, Taasoobshirazi, & 

Lombardi, 2004). 

• Enjoyment – Enjoyment is identified by the positive, or pleasant, emotions 

associated with a particular task that increase the likelihood of 
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reengagement with that task over a length of time (Frenzel, Goetz, Lüdtke, 

Pekrun, & Sutton, 2009).  

Organization of Dissertation 

In this chapter, I presented the problem being studied and provided context for the 

problem. In addition, the research questions generated by the literature are presented and 

supported by the significance of this work. Chapter 1 concluded with a definition of 

terms to clarify any preconceived ideas or dual meanings and a summary of how my 

dissertation is organized. 

Chapter 2 presents an overview of the extant literature from areas of research 

concerning self-efficacy, interest, and enjoyment from various fields, and applies it to 

elementary teachers and their students. It provides a brief overview of each construct, and 

the roles of each construct within various contexts of education. It then presents 

contributing factors of teacher SE and how SE, interest, and enjoyment are 

interconnected and complementary to one another. The relationship between SE, interest, 

and enjoyment is applied to student perceptions of teacher practices, and how these 

perceptions may affect student development of SE, interest, and enjoyment for science, as 

well as implications for future study. 

Chapter 3 explains the methodology used for my dissertation study, including a 

discussion of the sample and my development of nine instruments that I used to measure 

the variables of interest and the validation of these instruments through a pilot study.   

Chapter 4 explains the analyses carried out for my dissertation as well as the 

results of these analyses. This chapter also addresses re-validation of my instruments for 

my dissertation sample and the changes that needed to be made prior to running my 
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analyses. Chapter 4 concludes with a summary of findings. To close, Chapter 5 addresses 

the limitations of my study as well as implications for research and practice. 
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CHAPTER 2 

LITERATURE REVIEW 

Background 

Self-efficacy (SE) in education has been a much-studied phenomenon due in part 

to the impact it has on teacher attitudes, implications for student achievement and the 

school environment, and teacher quality. Over the years, researchers have found factors 

contributing to the reported low SE for science content and teaching of science 

experienced by many elementary teachers (Buss, 2010; King, Shumow, & Lietz, 2001; 

Kırık, 2013). SE begins with Rotter’s (1966) concept of general efficacy and has evolved 

tremendously to date. 

The idea of efficacy began with Rotter (1966) under the context of teaching 

reading. Rotter’s initial idea of efficacy entailed a teacher’s ability to control his actions 

and attitudes, as well as the manifestations of such, in the classroom (Goddard, Hoy, & 

Hoy, 2000). Bandura further studied and refined Rotter’s work in efficacy. This 

refinement took Rotter’s idea and specified it to concerning an individual’s self-belief in 

their capabilities in carrying out specific tasks, beginning Bandura’s development of 

Social Cognitive Theory (1977) and gaining him recognition as a leader in SE research. 

Over the years, the definition of SE has been adjusted for, and applied to, many areas of 

research, calling for the development of adaptable measurement instruments such as 

Riggs and Enoch’s (1990) Science Teacher Efficacy Belief Instrument (STEBI).  

Teacher SE has a direct impact on the academic classroom environment as studied 

over and over again from sources of science teacher self-efficacy (Britner & Pajares, 

2005; Kazempour, 2013; Mansfield & Woods-McConney, 2012) and the impacts of 

preparation programs, teacher induction, and professional development (Luft, 2010; Luft 
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& Patterson, 2002; Lumpe, Czerniak, Haney, & Beltyukova, 2012; Velthuis, Fisser, & 

Pieters, 2014) to studies of urban education (King et al., 1999) and, more recently, peer 

interactions amongst faculty members (Siciliano, 2016) and student perceptions of 

teacher practices (Fauth, Decristan, Rieser, Klieme, & Büttner, 2014; Kunter et al., 2008; 

Risconscente, 2014). However, little is known in regard to whether and how students 

perceive their teachers’ SE, interest, and enjoyment of science and science teaching, and 

what effects these perceptions have on the development of a student’s system of beliefs 

revolving around science. By identifying the degree to which students perceive their 

teachers’ SE, interest, and enjoyment of science and science teaching at the primary level, 

education researchers and teacher educators can use this information to design more 

effective preservice and inservice experiences to guide elementary teacher practices in 

science. 

Given this information, it is important to pay attention to the sources of teacher 

SE, the impact teacher SE can have on the classroom environment and on student 

achievement, and the possible perceptions students have of teacher behaviors and 

attitudes and how these are manifested in student behaviors and attitudes. Current 

research has unveiled the low SE levels in science teaching, as expressed by elementary 

school teachers. Such low SE may be due, in part, to poor preparation in science teaching 

methodology and lack of science content courses during undergraduate studies (Kırık, 

2013). Sadler, Sonnert, Coyles, Cook-Smith, and Miller (2013) acknowledge the impact 

teacher knowledge has on student learning. There is little question in the literature that a 

lack of teacher knowledge leads to low SE. Lack of teacher knowledge, however, does 

not just affect a teacher’s SE, but rather several other important constructs that also 
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contribute to the elevation or destruction of a teacher’s SE, such as confidence, interest, 

and enjoyment in science and science teaching. 

Although different from SE, one’s confidence plays a large role in contributing to 

a person’s SE. Confidence, however, should not be considered interchangeable with SE, 

and it is important to point out the distinction between SE and confidence, as not to cause 

confusion between the two constructs. Cordova et al. (2014) makes this distinction clear. 

The authors clearly differentiate the two terms by defining confidence as “…a 

retrospective judgment of whether one’s current understanding of a topic is correct” (p. 

165), and self-efficacy as “…one’s beliefs in one’s personal capabilities…” (p. 165). In 

other words, confidence can be considered the cognitive input that influences one’s 

collection of beliefs, constructing their SE. This explanation is further supported by a 

statement made by Goddard, Hoy, and Hoy (2000) that, “One may believe that a 

particular outcome is internally controllable, that is, caused by the actions of the 

individual, but still have little confidence that he or she can accomplish the desired 

actions” (p. 481).  

Confidence has its place with SE. Baldwin (2014) states, “Researchers indicate 

that elementary teachers’ lack of confidence to effectively teach science remains a major 

problem in science education” (p. 206). This lack of confidence and science content 

understanding are contributed to by poor preparation of elementary teachers in science, 

and lead to low SE, especially when compared to secondary science teacher counterparts. 

Renninger, Nieswandt, and Hidi (2015) discuss an important link between confidence 

and interest, specifically how a teacher’s lack of confidence impedes upon the 

development of student interest in multiple ways. Renninger and Hidi (2015) also point 

out that interest is further developed through the support of others. As such, the support 
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of others has a connection to how SE is developed. Because of this link to SE, interest is 

an important construct to keep in mind for both the teacher and the student when 

considering student perceptions of their teachers’ attitudes. 

In addition to SE and interest in science and science teaching, I consider 

enjoyment in this study because of its relevance to SE, interest development, and teacher 

effectiveness. I once again draw upon Renninger and Hidi’s (2015) work, which 

distinguishes between interest and enjoyment as two separate constructs. The authors 

define interest as a motivating factor in knowledge construction whereas enjoyment is 

“…a sense of satisfaction and reward that is generated through the activity” (p. 21). In 

regard to this study, the activity is considered to be science and science teaching. 

Supported by the extant literature, I posit that a teacher’s SE, interest, and enjoyment for 

science and science teaching are perceivable by the student, and can impact a student’s 

SE, interest development, and enjoyment for science.  

This review of extant literature in SE, interest, and enjoyment begins with a brief 

overview of each construct and their roles within various contexts of education. It then 

presents contributing factors of teacher SE and how SE, interest, and enjoyment are 

interconnected and complementary to one another in the development of SE, interest, and 

enjoyment. Finally, this review ends with student perceptions of teacher practices, how 

these perceptions may affect the development of SE, interest, and enjoyment for science, 

and implications for future study. 
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Overview of Self-Efficacy, Interest, and Enjoyment 

Self-Efficacy 

The phenomenon of SE is deeply rooted in the work of Albert Bandura, beginning 

with his development of Social Learning Theory and the impact behavior has on social 

learning (1971).  

A social cognitive theory of self-regulation encompasses another major 

mechanism of self-directedness that exerts the strong impact on human thought, 

affect, motivation, and action. This is the self-efficacy mechanism, which plays a 

central role in the exercise of personal agency. (p. 257) 

This definition of Bandura’s was first applied to his own work in phobias, and further 

applied to other fields by many different researchers (Pajares, 1996).  

People form beliefs about what they can do, they anticipate the likely 

consequences of prospective actions, they set goals for themselves, and they 

otherwise plan courses of action that are likely to produce desired outcomes…. 

Future events cannot be cases of present motivation and action. (Bandura, 1991, 

p. 248) 

In other words, previous experiences are responsible, in part, for contributing to beliefs 

and attitudes towards abilities that construct, or deconstruct, one’s SE. Future events, 

because they have not yet happened to contribute to one’s attitudes, cannot contribute to 

one’s SE. Bandura identified several categories of experiences that contribute to the 

development (or lack of development) of a person’s SE. 

 This is vital in a classroom environment, as a person is driven by experiences and 

interactions with others. These experiences and interactions contribute to one’s own 

beliefs of their capabilities in performing various specific actions. These beliefs 
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contribute to one’s future plans of action, and their expectations of success or failure with 

similar tasks, as a result of these experiences (Bandura, 1991). Under his definition of SE, 

Bandura identified four classifications of experiences that contribute to SE.  

Mastery Experiences 

The first, mastery experiences, comes from first-hand experiences with a specific 

task. An example of a task contributing to mastery experience would be an elementary 

teacher planning or facilitating a science activity to be implemented in their own 

classroom. The teacher is contributing to their mastery experience having engaged in the 

action of planning or facilitating an activity for themselves. In their study of pre-service 

secondary teachers, Bailey and Luccioni (2017) found that many teachers recall mastery 

experiences over other experiences. This finding may suggest that mastery experiences 

have a stronger contribution to one’s SE than other contributing factors. This is an 

important idea when considering practicing elementary teachers and some of the causes 

of their reports of low SE for science and science teaching.  

Vicarious Experiences 

The second classification is identified as vicarious experiences. Vicarious 

experiences come from experiencing an event or task through the observation of someone 

else carrying out a similar task. For example, a vicarious experience would include an 

elementary teacher observing a secondary science teacher facilitate a science activity for 

a group of seventh graders. In essence, the elementary teacher is watching a content 

specialist facilitate a science lesson. The elementary teacher can now use this experience 

to help facilitate their own science activities as it appropriately applies to their own 

elementary classroom. Vicarious events give way to the importance social interactions 

hold in the development of one’s SE.  
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Social Persuasion 

Social persuasion is the third contributing experience to one’s SE development. 

Social persuasion, like vicarious experiences, is yet another social factor in SE 

development. Social persuasion concerns the encouragement, or lack of encouragement, 

one receives from others. This is not necessarily a critique from one person to another in 

regards to their work, but rather instances of “coaching” another in their performance of a 

particular task. For example, the feedback a teacher receives from a supervising 

administrator, such as their school principal, in regards to the teacher’s classroom 

management during a laboratory activity, or the methods they use to inform their 

instruction, would be considered one such persuasion.  

The construct of social persuasion could be further enforced following 

suggestions by the observing administrator for future practice. This offering of suggestion 

demonstrates encouraging support the teacher receives from their administrator. This can 

also lead to the teacher feeling more confident in their classroom practices, and perhaps 

excited to facilitate a science lesson. Conversely, negative interactions can lead to the 

deterioration of a teacher’s confidence and further hinder SE development. For example, 

a cooperating teacher who tells their student teacher that the activity they’ve designed 

and created is not good enough for classroom implementation can damage the student 

teacher’s SE for creating curricular materials, leading the student teacher to begin feeling 

like they cannot create curricular materials successfully. These emotional responses 

experienced by the teacher play a role in developing SE. 

Emotional Responses 

  Bandura identified emotional responses as the fourth contributing factor of SE 

development. This refers to the feelings associated with a task evoked by one’s 
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experiences. Examples of such feelings include: fear, doubt, or excitement a teacher has 

for teaching a particular content area (Bandura, 1971). This could also include the 

physiological repercussions associated with emotional experiences, such as trembling 

hands, feelings of butterflies in the stomach, or a quickened heart rate.  

Given these examples under Bandura’s considerations of contributing factors to 

self-efficacy, it is evident the importance various experiences had by a teacher throughout 

their career plays in the success of teacher education, and the implications these have on a 

teacher’s classroom practices and the potential success of their students. It is important to 

keep in mind that these contributing factors repeat in other constructs, such as interest 

and enjoyment, in a similar manner. 

Interest 

Interest, much like SE, is a dynamic construct because interest develops over time 

and can shift or change depending upon experiences had by the individual. In turn, many 

factors play into the development of one’s interest that mirror the classifications of 

contributing factors of SE. 

 Renninger and Hidi (2015) provide a four-phase model in which they describe 

the metamorphosis within an individual as interest in a particular topic develops. 

Renninger and Hidi (2015) make it a point to explain that “the term ‘phase’ is used rather 

than ‘stage’ because the length and character of a given phase may vary between and 

within individuals based on experience and temperament, among other factors” (p. 12). In 

other words, interest, much like SE, differs from one individual to another individual. 

One’s personal experiences associated with a topic shape the way in which interest 

develops for that topic. Renninger and Hidi (2015) identify these four phases as 
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“triggered situational interest, maintained situational interest, emerging individual 

interest, and well-developed individual interest” (p. 13). 

During each phase of interest development, specific characteristics are displayed 

by the learner that mark the level of interest a person has for a topic. As interest develops, 

it deepens, and becomes more permanent for the individual. The first two phases of 

interest development, triggered and maintained situational interest, are considered lesser 

developed or earlier phases of interest, and are often condensed and referred to as 

situational interest. Prior to Renninger and Hidi’s (2015) phases of interest, curiosity 

plays a preliminary, albeit fleeting, role in interest development.  

Situational Interest 

Situational interest may first be triggered by a curiosity in a topic. In this way, 

there is an “…opportunity for new information and greater understanding [that] activates 

interest” (Reeve et al., 2015, p. 80). Curiosity, however, cannot be used interchangeably 

with any phase of interest, and the distinction between these two constructs must be made 

to deter confusion or inappropriate application of the terms. Although an interest may 

first be triggered by a curiosity, a curiosity ends once the information a person seeks is 

obtained. If the curiosity is followed by more knowledge seeking by the individual, it can 

go on to develop into situational interest (Renninger & Hidi, 2015). The distinction 

between curiosity and interest can be clarified with an example. 

Consider two children playing outside in a garden when they encounter a slug on 

a paving stone. They watch the slug for a few moments, and observe the slimy, glittery 

trail left by it as it moves across the stone. One child mentions to the other that they heard 

that slugs shrivel up when salt is poured onto them. The other child runs into the house to 

gather a salt shaker, because they want to test whether or not this statement is true. The 
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children are curious as to what will happen to the slug when salt is poured onto it. The 

children pour some salt on the slug, and observe as the slug does, indeed, shrivel under 

the stimulus. The first child makes a remark in regard to the initializing statement being 

true and runs off to play a game with other children in the neighborhood.  

For the first child, the curiosity of the shriveling slug is satisfied, and the child 

does not care to investigate the situation any further; the curiosity ends here, as curiosity 

“…lasts only until the information gap is closed or the conflict is resolved” (Renninger & 

Hidi, 2015, p. 45). The second child, however, squats down closer to the shriveled slug, 

trying to see why the salt made the slug shrivel. The child may poke the slug with a stick 

or turn it over to observe another angle of the slug, but the child cannot figure this out on 

their own. The child runs back into the house and begins researching reasons why a slug 

shrivels under salt. This child now has a situational interest in the relationship between 

slugs and salt. 

Situational interest is still not yet permanent in regard to having an interest in 

slug-salt relationships. The interest is, however, beginning to develop. Renninger and 

Hidi (2015) define situational interest as “…a reaction to a particular content or activity” 

(p. 10). It is “…characterized by focused attention to particular content and may be 

shorter-term (triggered situational interest) or may be maintained over a somewhat longer 

period of time (maintained situational interest)” (p. 10). From these preliminary phases, if 

a person’s attention continues and expands within a topic, the person is now developing 

an individual interest. 

Individual Interest 

Individual interest is broken down into the latter two phases of Renninger and 

Hidi’s (2015) model, emerging individual interest and well-developed individual interest. 
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In these later stages of development, an individual “…[is] invested and excited by their 

developing knowledge” (p. 11). The individual begins to experience positive emotions, 

such as enjoyment for the topic, and will also seek out others to engage in conversation 

regarding the topic of interest to compare ideas and insights. These phases of 

development typically last longer than the situated interest phases and take more time to 

develop. In addition, parallels can be drawn between some of Bandura’s contributing 

factors of SE and contributing factors of interest development, especially in these later 

stages, such as mastery and vicarious experiences and social persuasions. Emotional 

response is better suited for the next section concerning the construct of enjoyment. 

Consider once again, the example of the child and the slug. By obtaining a salt 

shaker and carrying out the investigation to find what would happen if salt were poured 

onto the slug for themselves, the child is adding to their mastery experiences. This is 

furthered when the child returns home to further seek reasons for the result. Perhaps the 

child visits a video website on which people film themselves carrying out similar 

investigations, such as an individual pouring sugar onto the slug as opposed to salt. The 

child is now adding to their vicarious experience by watching others carry out similar 

tasks, while also further developing their interest in the topic. As this interest continues to 

develop, the child may reach out to others to discuss the topic of slugs, and to ask for 

feedback in regard to investigations the child may plan to carry out. The child now has 

concurrent development of SE and interest in how slugs react under various stimuli. This 

concurrent development of interest and SE is supported by Renninger and Hidi (2015) 

who state that “…initial development of interest typically precedes the development of 

self-efficacy, following which, there is a continued reciprocal relation between the two” 
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(p. 86). At this point, the child may also begin experiencing activating emotions, such as 

enjoyment, associated with this task. 

Enjoyment 

 Emotions are an important phenomenon to take into consideration when thinking 

about education. Teachers and students experience and express a multitude of emotions 

throughout a typical day in the classroom that have an effect on others’ experiences. In 

this particular study, the impact teacher emotions have on student emotions is being 

considered. Reinhard Pekrun and Lisa Linnenbrink-Garcia explain the important role 

teacher emotions play in the classroom in their 2014 book chapter: 

For example, teachers are not only responsible for imparting knowledge but also 

for inspiring passion for the discipline and excitement about learning. Of these 

outcomes, passion and excitement are the most elusive because teachers receive 

little or no training in the principles of affect and learning. If they succeed at 

inspiring excitement about the course content, the motivational benefits should 

extend far beyond the course itself. If they fail, however, the ensuing negative 

emotions, such as anxiety or boredom, can quickly undermine motivation and the 

will to remain in the class. (p. 1) 

Despite the clear importance emotions play in education, research has faced 

conflict in regard to assigning a definition to the term emotion due to the many 

interpretations and applications of the term. Izard (as cited in Izard, 2007) points out that 

“…experts in affective science generally agree on the components and characteristics of 

an emotion. Yet, there is no consensus on a definition of the term emotion, and theorists 

and researchers use it in ways that imply different processes, meanings, and functions” 

(p. 260). More recently, “emotions can be defined as multifaceted phenomena involving 
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sets of coordinated psychological processes, including affective, cognitive, physiological, 

motivational, and expressive components” (Pekrun & Linnenbrink-Garcia, 2014, p. 2). 

Under this definition and borrowing from Bandura’s explanation of emotional responses, 

I consider emotion as the set of feelings evoked while carrying out specific tasks. For the 

sake of this dissertation, the specific emotion of enjoyment is considered as a positive 

emotional response triggered by carrying out a specific task. In this way, an individual 

would experience feelings of happiness and/or excitement as well as displaying a desire 

for science and/or science teaching. 

 One thing that can be agreed upon is the impossibility of an action being void of 

affect or emotion. In fact, Pekrun and Linnenbrink-Garcia (2014) categorized various 

types of emotions elicited by diverse actions found within a classroom. Emotions 

generated by actions such as studying for an exam or teaching are considered 

achievement emotions. Epistemic emotions concern knowledge-seeking and construction 

activities. Topic emotions are those triggered by specific content. Emotions that concern 

interactions amongst individuals are considered to be social emotions. Lastly, emotions 

that occur beyond the classroom, but may still affect the classroom dynamic, are 

considered to be incidental emotions and moods. A combination of topic emotions and 

social emotions is of particular focus in my study.  

Teachers’ expression of their feelings towards science is considered a topic 

emotion, and as such, can be activated while preparing for and teaching their classes 

(Pekrun & Linnenbrink-Garcia, 2014). While “…topic emotions do not directly pertain to 

learning and teaching…they can strongly influence students’ and teachers’ engagement 

by affecting their interest and motivation…” (p. 5). This is of particular importance when 

also considering the impact of social emotions amongst student-teacher interactions 
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(Pekrun & Linnenbrink-Garcia, 2014) and the possible perceivability of teacher emotions 

by the student. We do not know how teacher emotions in science influence student 

emotions in science. 

As a result, emotions have influence in the activities in which one chooses to 

engage, and the depth of that engagement. This claim is supported by Pekrun, Goetz, 

Titz, and Perry (2002) in that “emotions serve the functions of preparing and sustaining 

reactions to important events…by providing [motivation]…” (p. 96). In other words, the 

way in which a person responds to a task emotionally can determine whether or not 

engagement in that task will continue, which can contribute to elevation of SE (according 

to Bandura’s four contributing factors of SE) and development of interest (Renninger & 

Hidi, 2015). This is of particular concern when considering elementary teacher 

engagement in science teaching and student engagement in science learning. 

In alignment with SE and interest, distinctions must be made about the emotions 

being considered in this study. While all emotions are present and pertinent to science 

education, enjoyment is the emotion on which I focus. According to Sinatra, Broughton, 

and Lombardi (2014), emotions can be referred to as having two determining 

characteristics: positive and negative qualities, and activation in terms of eliciting some 

form of arousal response (p. 418). “Positive activating emotions include enjoyment and 

hope” (p. 418). It has also been suggested that emotions, such as enjoyment, can affect 

certain cognitive processes such as memory that would have an effect on student 

achievement (Pekrun et al., 2002). As further described by Feidler and Beier (2014), 

positive emotions, such as enjoyment, “lead to more unusual associations, problem 

solving implementation, and more flexible categorizations” (p. 43), which can help the 
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teacher in creation of curricular materials. This would lead to contribution to mastery 

experiences that lead to increases in SE. 

The Relationship Between Self-Efficacy, Interest, and Enjoyment 

Undeniable links between SE, interest, and enjoyment exist across the literature, 

however, looking at all three as one unit of constructs has not been considered. Revisiting 

Bandura’s social cognitive theory of self-regulation (1971), the interplay of these three 

constructs is suggested.  

A social cognitive theory of self-regulation encompasses another major 

mechanism of self-directedness that exerts the strong impact on human thought, 

affect, motivation, and action. This is the self-efficacy mechanism, which plays a 

central role in the exercise of personal agency. (p. 257)  

Figure 1 suggests how the relationship between SE, interest, and enjoyment may exist as 

a feedback loop, taking Bandura’s (1971) definition into consideration. 

The model shown in Figure 1 is applicable to both the student and the teacher in 

terms of how SE, interest, and enjoyment interact with one another. SE is central to this 

model in that the constructs of interest and enjoyment are both contributing factors to, 

and byproducts of, Bandura’s four contributing factors of SE. “Enjoyment is classified as 

a positive, activating, activity focus emotion and involves thoughts and cognitions 

concerning the process of working on an achievement activity. Hence, enjoyment 

involves experiencing pleasure in an activity” (Ainley & Ainley, 2011, p. 6). In addition 

to this, Frenzel, Goetz, Lüdtke, Pekrun, and Sutton (2009) posit, “…pleasant 

emotions…form the basis of interest” (p. 705). Reeve et al. (2015) state that “…when 

people feel both energetic and pleasant, they say that they feel interested in what they are 

doing…” (p. 81), giving more support to the relationship claim between interest and 
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enjoyment. Further, “interest motivates exploration of what is novel and intriguing 

[while] enjoyment is the sense of satisfaction and reward generated from the activity 

and/or the outcome of the activity” (Ainley & Hidi, 2014, p. 206). 

 

Figure 1. Self-efficacy, interest, and enjoyment feedback loop. Interactions between self-
efficacy, interest, and enjoyment as supported by the literature presented in this review. 
The heavier, larger shapes represent the main constructs of SE, interest, and enjoyment, 
with contributing factors to SE being secondary, yet an important part of SE 
development. Please note that enjoyment is the only emotion being considered in this 
study and as a result, other emotional responses are not considered. 

Bandura acknowledges the impact SE has on interest (motivation) and emotion 

(affect) during the time social cognitive theory was first constructed. Since then, terms 

and the ways in which research surrounding these terms is approached has evolved as 

more information became available. This evolution is suggested by the model in Figure 1.  

Renninger and Hidi (2015) refine the idea of interest as motivation by explaining 

that “motivation refers to the desire or will to do something and may or may not be due to 

a developing interest” (p. 71). In other words, while motivation is often used in place of 
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interest, this may not always be an appropriate interchange of the words because of the 

cognitive component to interest, however, they are related (p. 71). While motivation and 

motivation  are separate constructs, interest can be considered a motivation to further 

interest development. Byrnes (2001) explains interest as “…a blending of cognitive 

processes (i.e., attention) and emotional processes (i.e., feelings of pleasure and 

enjoyment)” (p. 102). Consider the example of the child and the slug once again. The 

cognitive and motivational processes of interest were both demonstrated by the child’s 

investigations. The initial curiosity and the amount of attention the child invested in 

questioning the relationship between the slug and the salt tended to the cognitive 

component of interest development. This cognitive quality of interest gives support to the 

motivational processes that follow cognition, and lead to enjoyment of, and increased SE 

for, a topic (Renninger & Hidi, 2015). 

As the child’s interest continues to develop, they continue to seek more 

knowledge. Renninger and Hidi (2015) present the importance one’s self-efficacy has on 

development of interest. The authors note that those who are more self-efficacious in a 

task are more likely to work within the task enthusiastically and to address obstacles 

more positively than those who are not as self-efficacious in a task. This idea is rooted in 

the work of Bandura and Schunk (1981) in that “[a] sense of personal efficacy in 

mastering challenges is apt to generate greater interest in the activity rather than is self-

perceived inefficiency in producing competent performances.” Although interest and self-

efficacy are hardly the same constructs, they are certainly related, and complementary to 

each other’s development. Bong, Lee, and Woo (2015) speak to the difficulty in 

assuming a reciprocal relationship between SE and interest, however, the case for one can 

be made. Bong et al. point out that on one hand, interest development drives one’s self-
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efficacy, yet on the other hand, they argue that self-efficacy drives one’s interest 

development. They use this argument to claim that it is “difficult to draw a firm 

conclusion regarding the exact nature of the reciprocal and temporal relationships 

between interest and self-efficacy” (p. 37), however, Renninger and Hidi (2016) explain 

that interest development relies upon “feelings, value, and knowledge” (p. 86), implying 

that interest and SE development give continual support of one another.   

As interest develops, one’s beliefs in their capabilities increase as a result of 

obtaining more knowledge in a topic area. In latter stages of interest development, the 

individual is seeking more opportunities for knowledge obtainment (Renninger & Hidi, 

2015), participating in mastery and vicarious experiences, as well as seeking feedback 

from others, and as a holistic result, strengthening his or her own beliefs in their 

capabilities because the foundation of knowledge is being broadened. “When individuals 

have an interest in a task to be accomplished or subject matter to be learned, they have 

focused attention, goals, and learning strategies; they are more likely to feel self-

efficacious…” (p. 33). Reciprocally, the more self-efficacious one becomes, the more 

likely they are to continue to engage in such experiences, which can lead to deeper 

interest development by default.   

This relationship is dynamic. When an individual believes they can carry out a 

specific task well, it does not necessarily mean they have a well-developed interest in the 

task. In fact, they can be in the early developing phase of an interest, which might have 

stemmed from an original belief of being able to complete a task well. In the case of the 

teacher, an emerging individual interest may be the end point of development seeing as 

the likelihood to “…seek reengagement with a particular class of content over time” 

(Renninger & Hidi, 2015, p. 13) is high. In the same regard, as the teacher’s SE is further 



 31 

developed, the teacher is more likely to seek his or her own engagement within a task for 

their students’ benefit, recall knowledge of the topic, reflect on practices within the 

content, create their own questioning strategies and practices for their students, may have 

positive feelings such as enjoyment towards the content, tackle obstacles more 

relentlessly and with a more positive attitude, and seek feedback from coworkers and 

administrators. These characteristics are indicative of an emerging individual interest 

(Renninger & Hidi, 2015). These positive feelings, such as enjoyment for a topic, provide 

evidence of a “…co-occurrence of interest and enjoyment…” (Ainley & Ainley, 2011, p. 

5). Ainley and Hidi later reiterate this co-occurrence of interest and enjoyment in their 

2014 book chapter. 

Enjoyment, as a positive activating emotion, contributes to one’s SE for a topic 

(Sinatra et al., 2014). Ainley and Ainley (2011) also point out that when one is not 

enjoying a topic, interest in the topic is quickly lost as a consequence, halting interest 

development and contributing experiences to SE. Likewise, if SE is no longer receiving 

contributions from the individual’s experiences, any interest in a topic would be weak; 

developmentally stunted within the situational phases, as the individual is not seeking 

further engagement with a topic through mastery experience. In this case, interest 

development cannot progress (Renninger & Hidi, 2015). In closing the loop suggested by 

the model, further consequences are implied in that the topic is not eliciting an emotional 

response for the individual, further supporting the null contribution to SE and deeper 

interest development, perpetuating the loop. This can have adverse effects in the 

elementary classroom. 

If a student or teacher is not enjoying a topic, the connection between enjoyment 

and interest is broken. This stops the development of interest, and stops any further 
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contribution to one’s SE. It needs to be understood that this loop is also situational. The 

loop is topic-specific, meaning that one’s attitudes and beliefs towards one aspect of a 

topic is not necessarily the same for another topic. For example, if we refer to the 

example of the child and the slug one last time, the child may experience this loop for 

reactions slugs have under various stimuli but may not experience the same interactions 

of the loop in regard to reproductive habits of the slug. Interactions within the loop are 

domain specific. 

Domain General vs. Domain Specific Tasks 

Researchers have investigated the constructs of self-efficacy, interest, and 

enjoyment in many different domains within education. Pajares (1996) presents the 

domains in which efficacy has been studied providing perspective in the vast applicability 

of this phenomenon. He exemplifies how researchers through the years have studied 

efficacy in such areas as irrational fears, depression and social skills, and work in 

assertiveness. In addition to these areas of study, Pajares (1996) further presents how 

work in efficacy has led to studies in the behaviors of smokers, pain management, general 

health, and athleticism. This is exemplary of the general nature of Bandura’s definition 

and application of SE and mimicked in other constructs such as interest and enjoyment, 

however, not to the same extent as SE. 

Interest has been studied at length in various fields as both a motivating 

(emotional) factor, and a cognitive (attentive) factor. Such fields include sports (Green-

Demers, Pelletier, Stewart, & Gushue, 1998), within gender differences (Preckel, Goetz, 

Pekrun, & Kleine, 2008), physical activity (Frederick-Recascino & Schuster-Smith, 

2003), general education (Dewey, 1913), and most recently, science education 

(Renninger, 2007). Likewise, emotion as affect has a cognitive and neurological 



 33 

background of study, with recent and primitive applications to education (Izard, 2007). 

Regardless of the area of study, the constructs of SE, interest, and enjoyment fluctuate 

from individual to individual, and from topic to topic.   

Pajares (1996) furthered research in SE to include task or domain specificity and 

direct applicability to academic situations. For example, one’s beliefs in their ability for 

teaching the reason for Earth’s seasonal changes can be significantly higher or lower than 

that same person’s reported self-efficacy for teaching the physical consequences of 

tectonic plate movement. While this extreme specificity of efficacy is not directly applied 

to this review, it provides insight to the scope of applicability and the specificity of 

efficacy throughout its development. A similar claim is made for topic specificity in 

regard to interest (Cordova et al., 2014) as well as enjoyment (Frenzel et al., 2009).  

Cordova et al. (2014) expand the discussion surrounding situational and 

individual interest to include topic interest. Cordova et al. (2014) reference Renninger 

(2000) by stating that “topic interest may be either individual or situational and refers to a 

person’s performance for or likelihood of engaging with a specific aspect of a more 

general subject…” (p. 166). Referencing the previous example, one may seek more 

knowledge acquisition on their own for reasons for physical consequences of tectonic 

plate movement than for reasons for Earth’s seasonal changes, indicating a more 

developed interest in the former. Enjoyment functions similarly, as Goetz et al. 

(referenced by Frenzel et al., 2009) were “…convinced that a domain-specific approach 

to student emotions is necessary to account for the intraindividual variation of emotions 

across academic domains” (p. 712). 

 Self-efficacy, interest, and enjoyment play predictive roles for student 

achievement, as long as academic tasks are domain or task specific.  This is supported by 
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Pajares (1996) when he states that “…self-efficacy is a powerful motivation construct 

that works well to predict academic self-beliefs and performances at varying levels but 

works best when theoretical guidelines and procedures regarding specificity and 

correspondence are adhered to” (p. 557). This is expanded in terms of interest (Keller et 

al., 2015) and enjoyment (Pekrun et al., 2002) in a similar fashion. In other words, for 

SE, interest, and/or enjoyment to be predictive of academic success for teachers and 

students, the task at hand must be specific and applicable to the construct being studied.  

Self-efficacy, Interest, and Enjoyment as Predictors of Learning 

 According to Britner and Pajares (2005), “Self-efficacy has been found to be a 

strong predictor of academic achievement, course selection and career decisions across 

domains and age levels” (p. 485). This idea is applicable to both students and teachers 

and has also been expanded to include interest and enjoyment.  

Studies have been conducted studying the impact on student achievement from 

whole-faculty efficacy (Goddard, Hoy, & Hoy, 2000), low self-efficacy of science and 

science teaching as a result of lack of elementary teacher preparation in science (Lumpe, 

Czerniak, Haney, & Beltyukova, 2012), teacher beliefs and knowledge (Britner & 

Pajares, 2005; Sadler et al., 2013), interest in (Keller et al., 2016), and enjoyment of 

(Pekrun et al., 2002) science and science teaching. In addition to this, researchers have 

looked at the impacts teacher interest and enjoyment have on the development of student 

interest and enjoyment and the implications these hold for student achievement (Frenzel 

et al., 2009; Renninger & Hidi, 2015; Thomas & Pedersen, 2003). 

The more efficacious a student is in school, the better the predicted outcome of 

achievement is going to be for whatever specific school task is being considered. 

Likewise, the more efficacious a teacher is for teaching a particular subject, the better the 



 35 

predicted outcome of student achievement is going to be. Miller, Ramirez, and Murdock 

(2017) speak to the relationship between SE and student achievement. “…[T]eachers 

with a higher sense of efficacy provide more effective classroom instruction resulting in 

higher student motivation and achievement” (p. 261) They go on to clarify that the 

relationship between SE and student achievement is not always direct, “thus, teacher self-

efficacy impacts the type of learning environment a teacher provides which influences 

student achievement” (p. 261). Goddard et al.’s (2000) previous work provided support 

for Miller et al.’s claims.  

Based on self-efficacy theory, we suggest that when collective efficacy is high,  

teachers in a school believe they can reach their students and that they can  

overcome negative external influences. Given these beliefs, teachers are more  

persistent in their efforts; they plan more; they accept responsibility for student  

achievement; and temporary setbacks or failures do not discourage them. 

(Goddard et al., 2000, p. 497) Although teacher SE does not necessarily directly 

contribute to student achievement, it does contribute to the construction of the learning 

environment, which in turn promotes further SE and interest development within students 

and can lead to enjoyment. Collectively, these constructs help to support student 

achievement. Similar lines have been drawn in terms of interest (Keller et al., 2016) and 

enjoyment (Pekrun et al., 2002), given the relationship between SE, interest, and 

enjoyment as a feedback loop.  

Some researchers have gone as far as to view interest as an emotion (Ainley, 

2007; Ainley & Ainley, 2011). However, in later work, Ainley and Hidi (2014) explain 

how interest and enjoyment work cooperatively with SE in the classroom environment 

but are also considered two separate constructs. Triggering both constructs is important in 
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providing opportunities to learn and creating opportunities for success. Renninger and 

Hidi (2015) point out that when a student is less successful in a subject, such as physics, 

embedding it within a subject the student enjoys more and is more interested in (such as 

biology) can trigger the student’s interest. They add that, “…high-interest stories have 

been found to lead to more effective, and longer-term recall than low-interest stories” (p. 

103), indicating a stronger prediction for student success. 

Success for the student and the teacher are important, as teacher SE, interest, and 

enjoyment impact student SE, interest, and enjoyment, as well as student achievement. 

Studies conducted by Pekrun et al. (2002) found that “…positive emotions such 

as…enjoyment…predicted high achievement, and negative emotions predicted low 

achievement” (p. 99). This is echoed in Frenzel’s (2014) research in teacher emotions. 

Her findings presented that teacher emotions correlate with several constructs including 

student achievement behavior, student misbehavior, relationships with students, and 

instructional effectiveness (Frenzel, 2014). 

 Given the many contributing factors to, the interplays between, and possible 

outcomes of SE, interest, and enjoyment, versatile and adaptable instruments of measure 

needed to be developed. Measurement tools have been created, validated, and 

implemented across individual studies of each construct. Riggs and Enoch (1990) tended 

to this need in their development of the Science Teacher Efficacy Belief Instrument along 

with similar instruments by others to measure interest and enjoyment. 

Measurement of Self-Efficacy, Interest, and Enjoyment 

Such versatility in applications of constructs call for flexible instruments of 

measurement in order to accurately and appropriately measure self-efficacy, interest, and 

enjoyment in so many domains. Instruments to measure SE, interest, and enjoyment have 
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been developed, validated, and adapted for use across many domains within education. 

An instrument to measure each of these constructs working together, has not yet been 

created. 

Self-Efficacy 

Riggs and Enoch (1990) developed the Science Teacher Efficacy Belief 

Instrument (STEBI) to be used in elementary science classrooms. Researchers, to fit 

various realms of education, have further manipulated this instrument. Bleicher (2004) 

presents in his own evaluation and modification of the original instrument, as well as how 

the instrument has been modified by others to fit other domains within education, such as, 

measured teacher self-efficacy for teaching chemistry (Rubeck & Enochs, 1991), students 

of extraordinarily high academic performance (Ritter, Boone, & Rubba, 2002), and 

mathematics (Enochs, Smith, & Huinker, 2000). 

Interest 

 Perhaps the best known, and most adapted, interest measurement tool is 

Renninger and Riley (2015) ICAN intervention. The ICAN intervention was developed to 

measure student interest in scientific learning over a span of time. The original 

intervention ran a course of three weeks and was “…designed to lead students to reflect 

on the science content of inquiry activity” (Renninger & Riley, 2015, p. 50). Students 

were posed with statements such as, “ICAN measure like a scientist” (p. 50) in week one 

and continued throughout their studies. Each item called students to provide more 

information in regards to their responses to the item. Items became more specific as their 

studies continued, for example, the previous item from week one became “ICAN tell you 

how carnivore teeth are different from herbivore teeth” in week three (p. 50). Renninger 

et al. (2014) further adapted the original ICAN instrument to pertain directly to “at-risk” 
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youth within a workshop setting. The goal of the adaptations, however, were the same as 

the original instrument. Interest was assessed by student responses to the ICAN items in 

addition to workshop observations of student engagement, as well as student interviews. 

There is a lack of consensus in the conceptualizations of interest, including 

viewing interest as an emotion (Ainley, 2007; Ainley & Ainley, 2011). Renninger and 

Hidi (2015) disagree with this view and give suggestions on attempting to measure 

interest in individuals using methods such as self-report through surveying and 

interviewing, as well as behavioral measures through observation and ethnographic study, 

and neuroscientific methods such as functional magnetic resonance imaging; some of 

these methods were used for the ICAN intervention.  

Enjoyment 

 As mentioned previously in this review, research in emotions, particularly 

enjoyment, within education is slowly gaining traction. Pekrun et al. (2011) developed 

the Achievement Emotions Questionnaire (AEQ) which aims to measure “…enjoyment, 

hope, pride, relief, anger, anxiety, shame, hopelessness, and boredom during class, while 

studying, and when taking tests and exams” (p. 36). This instrument, however, aims to 

measure achievement emotions, such as emotions associated with studying or test taking, 

and not emotions towards a particular topic such as science. Pekrun et al. (2011) provides 

an example of an item from the AEQ, which also serves as a depiction of an achievement 

emotion: “a student is expected to enjoy studying when she feels competent to master the 

learning material and perceives the material as interesting” (p. 42). Measurement of 

achievement emotions provides an appropriate starting point for measuring emotions for 

specific content areas, such a science. 
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 Several instruments have been developed in recent years to achieve the goal of 

measuring emotions in science education. Chiang and Liu (2014) developed a 

“…questionnaire intended to reveal the academic emotions of university students in three 

situations: attending science class, learning scientific subjects, and problem solving” (p. 

908). This scale measured positive, neutral, and negative activating emotions for each of 

the three situations studied. Other researchers have developed instruments to measure 

domain-specific tasks within science education such as situational emotions in science 

education (Randler, Hummel, Gläser-Zikuda, Vollmer, Bogner, & Mayring, 2011), 

human-induced climate change (Lombardi & Sinatra, 2013), and promoting positive 

affect in regard to biological evolution (Heddy & Sinatra, 2013). As of 2014, self-report 

is no longer the only method of measurement of emotions in education; observational 

(Reisenzein, Junge, Studtmann, & Huber, 2014), neuroscientific (Immordino-Yang & 

Christodoulou, 2014), and autonomic nervous system (Kreibig & Gendolla, 2014) 

measurement methods (e.g., fMRI) have been employed.  

Measurement of student-teacher interactions is vital in terms of how these 

constructs function within education. How these interactions occur in conjunction with 

content foster understanding for deeper meaning making and lead to achievement elicited 

by SE, interest, and enjoyment. It is important to take into account the role of the teacher 

when considering SE, interest, and enjoyment for science, as studies suggest the 

important role these constructs play on developments of the same constructs in students.   

The Role of the Teacher 

Teacher SE is a common concern in science education, partly due to its 

predictability for student achievement. “Bandura suggested that people develop a 

generalized expectancy about action-outcome contingencies based upon life experiences. 
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Additionally, they develop specific beliefs concerning their own coping abilities” (Riggs 

& Enochs, 1990, p. 626). In other words, teachers will build upon their own experiences 

throughout their education, undergraduate preparation, and various first-hand and 

vicarious experiences to inform their instruction and develop ways of delivering science 

content effectively. 

 There are many contributing factors to fluctuations in one’s SE as one 

experiences life and engages in interactions with other people. This idea is supported by 

the findings of Luccioni and Bailey (2016), in that secondary science teachers often 

struggle in areas other than content knowledge, implying other contributing factors to 

reported low SE in secondary science teachers, such as student teaching experiences and 

classroom management concerns. Protheroe (2008) suggests other contributing factors of 

teacher SE in her reporting of the findings of Goddard and Skrla (2006) who say the 

average income level of student households school-wide, collective teacher morale, and 

the potential the student body possesses, as a whole, to achieve can be contributing 

factors to a teacher’s SE. Under the same idea, interest development has an impact on SE 

in that individuals “…become intrinsically motivated only when they perceive that they 

are competent,” or more self-efficacious within a task (Bong et al., 2015, pp. 36-37). This 

is particularly true in science. Most recently, Siciliano (2016) adds to the existing 

literature with the idea that “…teachers may also be influenced by their peers’ level of 

self-efficacy” (p. 233). In the same light, social interactions can lead to deeper interest 

development (Renninger & Hidi, 2015), which can elicit emotional responses such as 

enjoyment. Social interactions create space for other contributing factors such as mastery 

and vicarious experiences, which can be strengthened through professional development 

(PD) (Luft, 2010; Luft & Patterson, 2002). 
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Teacher preparation programs and inservice PD opportunities have been 

associated with increasing a teacher’s SE. Luft (2002) found that “…most teachers do not 

receive the support they need during their first years of teaching” (p. 267). She adds that 

only 20% of incoming science teachers go through an induction program and when they 

do, often times their mentoring teacher is not one from the field of science (Luft & 

Patterson, 2008). This could contribute to a splice in the feedback loop between SE and 

interest development, as shown in Figure 1, by taking away the opportunity for social 

interactions within content. Beginning teachers need to interact with seasoned teachers, 

particularly in science, to become more effective in their practices (Turner, Kackar-Cam, 

& Trucano, 2015). 

Luft also found that of the 20% of teachers who undergo an induction program, 

93% of them credited their induction programs for their reported increases in science 

attitude, instructional methods, and classroom practices. As school administration 

concurrently provides PD workshops throughout the year to aid teachers in their practice, 

this puts further pressure on the importance of such programs because of the impact they 

have on teacher SE, interest, and enjoyment. School-based PDs are pertinent to 

elementary science teachers and secondary science teachers alike, but more so at the 

elementary level because prior mastery experiences are not regularly occurring during the 

student teaching semester. 

These PD opportunities have the ability to be content-specific, but usually focus 

on pedagogical development, as this is applicable to an entire teaching staff regardless of 

experience level and specific content needs. PDs of pedagogical focus are particularly 

beneficial to secondary teachers of science due, in part, to the demand of pedagogy in the 

facilitation of laboratory activities. In other words, new secondary teachers may report 
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higher levels of SE in terms of content knowledge but may display lower SE for 

facilitating a lab effectively while monitoring student behaviors at the same time, 

especially if the teacher has few opportunities for mastery or vicarious experiences from 

which to draw. 

Experiences associated with teaching science are quite different among secondary 

science teachers in comparison to elementary science teachers, making SE, interest, and 

enjoyment for science varying notions across teachers throughout K-12 education. Kırık 

(2013) identified the gaping discrepancy in content knowledge between science education 

majors and that of their elementary education major counterparts. This deficiency in 

content knowledge may be a contributing factor in the reported low SE, and lack in 

interest and enjoyment of elementary teachers for teaching science. 

Elementary Teacher Self-Efficacy, Interest, and Enjoyment 

Contributing factors to low SE, interest, and enjoyment in secondary science 

teachers and their elementary counterparts vary considerably. Further, elementary teacher 

SE can vary across the content areas that they are expected to teach. For example, an 

elementary teacher may be more self-efficacious in teaching English language arts (ELA) 

and less efficacious in teaching science. This holds heavy implications for student 

development of SE, interest, and enjoyment of science as at younger ages, these 

constructs within students are still in early stages of development and are impacted by 

their teachers’ beliefs and attitudes towards science (Alexander, Johnson, & Leibham, 

2013).  

Buss’s (2010) study explores these differences in SE of elementary teachers for 

teaching science and mathematics in comparison to other areas of content, such as social 

studies and ELA. In this study, he found that elementary teachers do exhibit lower levels 
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of SE towards science and mathematics teaching than they do for other content areas. 

While interest and enjoyment were not explored in this study, given the ideas presented 

in this review, one can presume that the latter two constructs would also be exhibited at 

lower levels. Buss posits “…the lowest efficacy belief scores for…science may result 

because participants assessed themselves as being less knowledgeable with respect to 

science…and thus judge themselves as being less able to effectively deliver instruction in 

science reducing the efficacy scores for this content area” (pp. 295-296). Because they 

are less self-efficacious in the content, they are not seeking advice from others, are not 

engaging in knowledge acquisition to strengthen their skills, and they are probably 

displaying negative feelings, which indicate low levels of interest. Kırık’s (2013) study 

further supports the findings of Buss.  

Kırık (2013) explores the significant differences in reported self-efficacy for 

teaching science of preservice elementary education majors in comparison to their 

science education major counterparts. The findings of his study present that, 

“…preservice teachers’ conceptual understanding in science is not sufficient…” (p. 

2509). This may be due to the lack of science content preparation in elementary teachers’ 

undergraduate studies. “Many elementary teachers have constrained background 

knowledge, confidence, and efficacy for teaching STEM that may hamper student STEM 

learning” (Nadelson, Callahan, Pyke, Hay, Dance, & Pfiester, 2013). The lack of content 

knowledge exhibited by elementary teachers is detrimental to science education and 

student achievement in science. Baldwin (2014) projects implications of these findings in 

her claim that, “a teacher’s lack of confidence may result in less time teaching science or 

teaching it poorly” (p. 206). This potential in reduction of instructional quality has 
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tremendous implications for the attitudes students form about science as a result that they 

may carry throughout their schooling (King et al., 1999).  

Although there is minimal research in elementary teachers’ interest in and 

enjoyment of science and science teaching, Thomas and Pedersen (2003) provide an 

example depicting a similar scenario as it pertains to enjoyment of science. In this 

example, the student indicated that they “…did not enjoy science until junior high. In 

elementary school, teachers made us read from the book and answer questions from the 

chapter. In junior high, I had a wonderful teacher who made learning fun” (p. 324). This 

is not an uncommon scenario. Frenzel et al. (2009) further suggest that enjoyment a 

teacher has for a subject topic transcends in their teaching. 

Several case studies have provided an opportunistic look into elementary teacher 

beliefs in their abilities to teach science. For example, Kazempour (2013) followed a 

preservice elementary teacher prior to, during, and following a science methods course. 

“Lisa” admits to not knowing how students effectively construct knowledge in science. 

She also states a large misconception in that she will be provided with teaching materials 

to aide her teaching of science upon entering the classroom. This is another area of 

concern in elementary science education. Even if a teacher is provided with a scripted 

science program, it is still unlikely that the provided pre-made materials will elevate the 

teacher’s SE for teaching science because the lack of contact knowledge to effectively 

administer the scripted program. Fielding student questions still exists as an obstacle for 

the elementary teacher. The science methods course used as an intervention in this study 

was found to debunk such misconceptions, as well as to prepare Lisa to guide her future 

students in the inquiry process, increasing her initial low reports of SE (Kazempour, 

2013). 
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Elementary teacher SE for teaching science is a much studied and much-debated 

topic. Contributing factors to elementary science teacher SE, thus far, have included a 

lack in science content knowledge and personal schooling experiences, but have not been 

studied much outside of those constructs. Interest and enjoyment have been shown to 

have a place with each other, as well as with SE, and yet they go unexplored in regard to 

elementary science. Mansfield and Woods-McConney (2012) proclaim, “…efficacy for 

teaching primary science is still not completely understood” (p. 38). 

Madden and Wiebe (2014) studied three second grade teachers of differing years 

of experience with varying self-reports of SE levels. They employed student perceptions 

of their teachers’ effectiveness in teaching science in an effort to add validity to the 

teachers’ self-report and the observations of the researchers. The researchers stated, 

“students’ perspectives provided a key source of identity in other areas, often deepening 

the researcher’s perspective; they were often in line with that of the researcher” (p. 404). 

The perspectives of the researchers and of the students did not necessarily align with the 

teachers’ reports of SE, which is similarly demonstrated in perceptions of enjoyment 

where teachers feign enjoyment for a content topic through artificial enthusiasm (Frenzel 

et al., 2009).   

Mansfield and Woods-McConney’s (2012) study also found that some of their 

participants reported higher SE when they had teachers in their own schooling that 

excited them about science and taught science well. This gives further support to the 

importance of social interactions as it pertains to the development of SE (Bandura, 1971) 

and interest (Renninger & Hidi, 2015). Likewise, the converse is true; negative 

experiences from their own academic lives contributed to lower SE, similar to the way in 

which negative activating emotions contribute to negative experiences and result in 
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similar negative emotions (Sinatra et al., 2014). Many elementary teachers participating 

in this study agreed that “University teachers providing a ‘a quick 5-minute lesson that 

you could actually take to the classroom’ also contributed to positive self-efficacy beliefs 

about ability for teaching science…” (Sinatra et al., 2014, p. 43), giving more support to 

the benefit of science methods courses.  

Studies such as Mansfield’s and Woods-McConney (2012) and Frenzel et al. 

(2009) present the importance and usefulness student perspectives of teacher 

effectiveness have in educational research. Many times, student perspectives offer “rich 

insights” into the impact teacher beliefs have on the classroom environment. The subject 

of Kazempour’s (2013) study “…expressed how the attitudes of her previous 

teachers…were apparent to the students and influenced their learning…” (p. 87). 

Employing the perceptions students have of their teacher’s level of SE can shed more 

light on the impacts SE has on the classroom environment and student achievement. 

More recent studies are beginning to consider student perceptions of various 

aspects regarding the classroom as viable resources in making predictions of enthusiasm, 

enjoyment, and instruction (Kunter et al., 2008; Frenzel et al., 2009), development of 

knowledge (Nitz, Ainsworth, Nerdel, & Prechtl, 2014) and interest (Renninger & Hidi, 

2015), teacher quality and effectiveness (Holzberger, Philipp, & Kunter, 2013; Saadi & 

Saeed, 2010; Sullivan, 2010), and student outcomes in achievement (Fauth, 2014; 

Hladky, 2011; Kurt, Güngör, & Ekici 2013; Risconscente, 2014). 

Students’ Perceptions of Teachers 

 The use of student perception in drawing conclusions on the impact teacher 

beliefs has on the classroom environment directly is just beginning to be instituted in 

educational research and is gaining popularity. Although Bandura (1991) suggested that 
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“…perceived efficacy contributes to the valuation of activities” (p. 258), it is still not 

common practice amongst researchers to employ this tool in data collection, especially 

when concerning newly researched constructs such as interest and enjoyment. This comes 

with some concern in areas such as student reliability (Fauth et al., 2014). This “…refers 

to the discrimination of teacher quality from other influences on ratings, such as teacher 

popularity” (p. 2). A review of the current literature reveals that there is currently no 

consistent use of student perception. In addition to this, many researchers are neither 

using student perception as a large component to their data collection nor as an avenue to 

gather data on how students pick up on their teachers’ beliefs of their abilities to deliver 

science content.  

Applications of student perceptions have been used in various studies of teacher 

enthusiasm (Kunter et al., 2008) and enjoyment (Frenzel et al., 2009), as well as teacher 

quality in terms of behaviors, effectiveness, and practice (Fauth, Decristan, Reiser, 

Klieme, & Büttner, 2014; Riconscente, 2014; Sullivan, 2010; Wagner, Göllner, Helmke, 

Trautweien, & Lüdtke, 2013). Student perceptions of teacher caring were studied in a 

2011 dissertation out of Lindenwood University (Hladky, 2011). The results of this study 

suggested that there is no significant correlation between student perception of teacher 

caring and student achievement. Riconscente countered this study in 2014 and found that 

student perception of teacher caring was a statistically significant predictor of 

achievement in mathematics of Latino high school students. “Students’ perceptions of 

their teachers’ ability to explain mathematics well was positively related to students’ 

achievement and to changes in interest and self-efficacy in mathematics” (p. 67). These 

two studies have added to the literature on student perceptions and the impact student 

perceptions have on student achievement. 
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While the question of whether or not a student thinks their teacher cares for them 

is certainly important to a student’s educational well-being, it is also important for a 

student to value their teacher’s instructional quality. Kunter et al. (2008) studied student 

perceptions of their mathematics teachers’ enthusiasm and instruction. An interesting 

observation was made in reviewing this article in regard to students’ abilities to pick up 

on their teachers’ enthusiasm for teaching mathematics, but not necessarily their teachers’ 

enthusiasm for mathematics as a subject. In other words, students reported that they 

thought their teachers enjoyed teaching mathematics, but they did not necessarily think 

their teachers liked mathematics as a subject themselves. Interestingly, “…enthusiasm for 

teaching was related to higher student ratings of quality teaching…” (p. 477). This claim 

is also in alignment with the emotions literature presented in this review in terms of 

enjoyment displayed as enthusiasm (Frenzel et al., 2009). According to Frenzel et al.’s 

study, feigning enthusiasm “…may indeed be a useful strategy because enthusiasm seems 

to have positive effects on student achievement” (p. 712). This being said, further 

investigation of this claim has not yet been conducted. This has potential in the 

elementary classroom for science education in that if students perceive their teachers’ 

fear, disinterest, or lack of enjoyment for science and science teaching, this can 

negatively impact elementary student efficaciousness, interest, and enjoyment for 

science.  

These two studies provide evidence that students are more sensitive to teachers’ 

feelings towards instruction and feelings for their students than one would initially think. 

This holds implications for research in science education, as the nature of this study is 

highly applicable to other content areas. This is questioned by Wagner, Göllner, Helmke, 

Trautwein, & Lüdtke’s (2013) study of the generalizability of student perceptions to all 
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content areas. “The results thus show that the assumption of the generalizability of the 

measurement model across subjects is violated for some constructs…” (p. 8). In other 

words, the method used to apply student perception in Frenzel et al’s study is not 

generalizable across contents, meaning a different instrument of measure must be 

employed for applicability across content areas. There has not been sufficient use of 

student perception in prior research to support this claim; more research employing 

student perceptions is needed.  

 As student perceptions are being used more and more in educational research, 

researchers are beginning to learn how to control for factors of previous concern such as 

teacher popularity. Fauth et al.’s (2014) study explores student perception of teacher 

quality in elementary classrooms. The study controlled for teacher popularity so that 

teacher popularity would not factor into the significance of teacher ratings by students as 

per the aforementioned concern of student reliability. The study explores student 

perception of teacher support, classroom management, and cognition. This study does 

confirm that, 

Referring to classroom level, teachers with high teaching quality might be more 

popular as a result. At the individual level, we can assume that a student who feels 

more affiliated with his or her teacher will tend to judge the teacher’s teaching 

quality in a more positive matter. (Fauth et al., 2014, p. 7) 

In other words, Fauth et al.’s (2014) study presented confirmation in the reliability and 

applicability of student ratings of teacher performance and classroom practices. Having 

used elementary students as participants of the study, it further confirms that age is not a 

concern in the reliability of student ratings of teacher effectiveness. 
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 Further study in student perceptions of teacher effectiveness, particularly in 

elementary school science, needs to be conducted to gain more knowledge in how 

students perceive their teachers’ effectiveness in the classroom and the impact had on 

student beliefs as a result.  

Research Questions 

 The more one learns, the more questions arise. This review of the current 

literature pertaining to perceptions of teacher self-efficacy has generated several research 

questions to seek further understanding of the interplays between SE, interest, and 

enjoyment of science and science teaching. More specifically, in terms of how the student 

perceives these constructs in their teacher and how it may impact the SE, interest, and 

enjoyment development of science for the student. 

Research Question 1a: How do elementary students’ perceptions of their teacher’s self-

efficacy, interest, and enjoyment for science and science teaching compare to their 

teacher’s report of self-efficacy, interest, and enjoyment for science and science 

teaching? 

RQ1a aims to investigate the associations between student perceptions of their 

teachers’ SE, interest, and enjoyment for science and science teaching and the teachers’ 

actual reports of their SE, interest, and enjoyment for science and science teaching. This 

question serves to determine whether students accurately perceive their teachers’ attitudes 

and emotions, as perceptions relate to their teachers’ self-report.  

Research Question 1b: How do elementary students’ report of their own SE, interest, and 

enjoyment for science compare to their teacher’s own report of SE, interest, and 

enjoyment for science? 



 51 

As an extension to RQ1a, RQ1b investigates the associations between student 

report of SE, interest, and enjoyment for science and teacher report SE, interest, and 

enjoyment for science. In his most recent study of interactions, Siciliano (2016) presents 

that peer influence is a significant predictor of a teacher’s SE. In other words, teachers 

share their beliefs amongst peers within a faculty. For instance, members of a science 

department may share similar feelings regarding a new school procedure with each other 

by default of daily interactions with each other. It is not unreasonable to hypothesize that 

students would tend to share similar beliefs as their teachers under the same proxy. This 

holds implications for science education in regard to the impact elementary teachers’ 

attitudes towards science have on their students’ attitudes towards science. In essence, a 

student may adopt negative beliefs towards science as a result of their teacher’s low SE, 

interest, and enjoyment; the student would carry these negative views with them 

throughout their schooling until another teacher’s influence can convince them otherwise. 

Research Question 2: Are elementary student perceptions of their teacher’s self-efficacy, 

interest, and enjoyment of science and science teaching predictive of elementary student 

self-efficacy, interest, and enjoyment of science? 

Extant literature available has not yet answered this question. Mansfield and 

Woods-McConney (2012) conducted a study in which they used student perceptions in 

conjunction with teacher reported SE for science to see if there was an alignment between 

teacher beliefs and student beliefs of their teachers. The researchers also took into 

account their own perceptions of teacher practice via observations conducted in the 

classrooms. What differs in this study from what this research question is attempting to 

answer is the student perception of their teachers was not specific to the teachers’ SE, 

interest, or enjoyment for science. In other words, students provided a general description 
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of their teachers’ practices as viewed by the students. The goal of this research question is 

to gain insight to whether or not elementary teachers are projecting their SE, interest, and 

enjoyment for science onto their students, and if so, to what degree. 
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CHAPTER 3 

METHODOLOGY  

The purpose of this study is to explore the potential relationships that exist 

between teacher self-efficacy, interest, and enjoyment of science and science teaching, 

and student perceptions of their teacher’s self-efficacy, interest, and enjoyment of science 

and science teaching as well as the potential relationships that exist between teacher self-

efficacy, interest, and enjoyment of science and science teaching and student self-

efficacy, interest, and enjoyment for science. More specifically this study aims to 

discover whether or not students pick up on their teachers’ attitudes concerning science 

regardless of how the teacher reports their own feelings.  I further examine student self-

efficacy, interest, and enjoyment of science and how these constructs may be shaped by 

their perceptions of their teacher’s self-efficacy for, interest in, and enjoyment of science 

and science teaching. 

In this chapter I present the methods of data collection and organization I used to 

facilitate my study. I also describe the analyses that were employed. I begin by presenting 

the setting and its participants, including a discussion of how I determined my sample. I 

then describe how each of the nine instruments were created and validated through a pilot 

study and how the instruments were administered to my sample for my dissertation. In 

conclusion of this chapter, I present an explanation of the analysis methods that were 

used to tend to each of the three research questions. The appendices house each of the 

nine instruments that were created and used in this study. These nine instruments were 

packaged to participants as one teacher survey, one student perceptions survey, and one 

student beliefs survey, as described in more detail below. 
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Setting and Participants 

Setting 

The South School 

 I conducted my research at a large urban charter school located in the mid-

Atlantic region of the United States. To preserve anonymity throughout this study, I refer 

to the school as The South School due to its location within the city. The South School is 

a K-12 public charter school model that has been named its own district within its city. 

The school was granted its charter in 2000 as a K-8 facility, and quickly expanded over 

the 17 years it has been in operation to its full capacity as a K-12 model. It is family-

owned and operated, and within the last 6 years, has created its own charter management 

organization (CMO) in the hopes of expanding to more sites across the country. The 

CMO currently includes four sites. The two elementary buildings house grades K-4, with 

K-1 at one building, and 2-4 at the other. The two elementary buildings are located across 

the street and approximately one block away from each other. The middle and high 

school building opened its doors in 2014 to 9th grade students and is located several miles 

north of the elementary buildings. In 2015, grades 5-8 were moved from the elementary 

building to the high school building where one grade was added per year until full 

capacity was reached in the 2016-2017 academic year. Today, the middle and high school 

building of The South School houses grades 5-12 and boasts enrollment of over 2000 

students. The two elementary buildings and the middle/high building make up The South 

School. The fourth site is a take-over school, originally of the city district, which is 

separate from the original charter yet falls under the same CMO. This school houses 

grades K-8 in another part of the city. The focus of this study is The South School, more 
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specifically, its 3rd grade students and teachers. To obtain a clear depiction of the third 

grade, it is important to look at the demographics of The South School as a whole. 

Total enrollment of The South School is 2,553 students; 29% of students are 

Black, 51% White, 5% Hispanic/Latino, 8% Asian/Pacific Islander, and 7% multiracial 

or other, according to the 2017 City School District’s school profile report (The Charter 

School Office, 2017). Data for Special Education, English Language Learners, poverty 

rate, retention, and information specific to third grade students for the 2017 academic 

year were not available via the City School District’s school profile report and needed to 

be obtained from a separate source. As such, this information was obtained from the 2017 

Annual Charter Evaluation Report (School Reform Commission, 2017), which is 

published annually by the city district and available publicly online. This report provides 

demographic, financial, and test score statistics of The South School as a whole. This 

report also includes a breakdown of other information, such as attendance rate and state 

test scores, by grade. The report also compares this information to that of other city 

district and charter schools. According to this report, 15% of students of The South 

School are identified as needing Special Education services, and 1% of students are 

English Language Learners (School Reform Commission, 2017), qualifying The South 

School for Title I status. Further, 40% of The South School’s students live in poverty, yet 

this is still significantly lower in comparison to the 74% of students living in poverty 

city-wide. 

Enrollment into The South School is determined through a city-wide lottery. Seats 

into the middle/high building are saved for students entering the 5th grade from the 2-4 

elementary building, staying true to the K-12 model of the charter. Year-to-year retention 

was 94% for grades 9-12 and 96% for K-8 (School Reform Commission, 2016). In other 
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words, there is not a high occurrence of loss of students from the 4th to the 5th grades. 

After these seats are filled, the lottery gives preference to siblings of current students who 

are not already enrolled in The South School with their older siblings. Preference in the 

lottery is then given to the CMO’s take-over school for students exiting the 8th grade to 

continue on to high school. All remaining open seats, after all allocated preferences are 

awarded, are then filled with students from throughout the city via a traditional lottery 

drawing. 

Class Format 

The 3rd grade students attending The South School do not switch classrooms or 

teachers for various subjects. In other words, the 3rd grade is self-contained. The teachers 

and administration determine the length of time allocated for each subject taught 

throughout the day. These times can change throughout the year based upon the state 

testing schedule. For example, if mathematics state testing is approaching, other subjects 

such as science may be taught for a shorter amount of time or less frequently during the 

week than what was initially allocated at another point in the school year. In addition to 

their classroom science instruction, students also attend a supplemental laboratory class 

once weekly for one full hour.  

Participants 

 I conducted a G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) analysis to 

determine an appropriate sample size for my dissertation study. When entered into the 

calculator, the software output indicated that a sample size of 54 was most appropriate for 

Multivariate Analysis of Variance (MANOVA), between subjects analysis, which is the 

screening analysis I used to see if there were differences amongst teacher groups before 

addressing research questions 1a and 1b. The 3rd grade has an enrollment of 190 students 
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for the 2017-2018 school year, and all students were asked to participate in the study. In 

addition, I asked all seven of the 3rd grade science teachers to participate in the study. The 

following section discusses my participants in greater detail. 

 I chose the 3rd grade teachers and students to participate in my study for two 

reasons. First, 3rd grade is a non-testing, non-transitional year at The South School. 

Although 3rd grade is the first-year students undergo standardized state testing, state 

testing specifically in science does not take place until 4th grade, which also happens to 

be the last year students are contained to The South School building before moving up to 

the middle-high school building. Second, students in the 3rd grade are within a 

developmental age group during which their understanding of their surroundings can be 

constructed from abstractions (Byrnes, 2001). Similarly, other researchers have spoken to 

the importance of 3rd grade students as it is a time in which their “brain development has 

advanced to the point where they can begin to learn the formal rules of reading, writing, 

and math” (Felton & Akos, 2011, p. 28). 

Student Participants 

The elementary building of The South School housing grades 2 through 4 is the 

setting of this study. Sixty percent of the 3rd grade has an attendance rate of 95% or 

better, according to the Annual Evaluation Report (The Charter School Office, 2017). To 

obtain student demographics, I pulled grade-specific data from PowerSchool, which is a 

web-based student information system database where all district and individual school 

information is stored and tracked by students, parents, teachers, and administrators. Such 

information includes student demographics and home contacts, as well as student 

schedules and assessment grades.  
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I focused on the 3rd grade students and their teachers. Of the 190 third grade 

students who are enrolled in The South School, parental consent and student assent was 

obtained for 103 students. Four students had to be removed from the analyses because 

they were missing one of the two student surveys administered. This brought my final 

student sample to 99 participants, which was still well over the G*Power recommended 

sample size for MANOVA. A deeper discussion of how missing data were handled is 

included in Chapter 4. Approximately 46% of the 190 students are male, and 54% are 

female. Five percent of enrolled 3rd graders are Black, 60% White, 20% Asian, and 2% 

Hispanic/Latino, while 4% of the 3rd grade student population is categorized as bi- or 

multiracial, or unspecified. Less than 1% of 3rd grade students is classified as being 

Native American/Hawaiian. 

Teacher Participants 

Across the elementary school, there are seven 3rd grade teachers and they all 

teach science because they are self-contained. All seven teachers consented to participate 

in this study. All of the teachers were White females with varying years of experience in 

elementary education and varying degrees of experience teaching science. All of the 

teachers included in this study are teaching science by obligation, as the third grade is 

self-contained, and students have the same teacher for all of their subjects. Each teacher 

was assigned a pseudonym to maintain anonymity and organization between the classes. 

Upon our initial meeting, each teacher was provided with the following: the teacher 

consent form, teacher survey, a survey response sheet, additional loose-leaf paper should 

it be needed for the open-ended questions, and a pencil. Pseudonyms were chosen based 

on the color and/or pattern of the pencil with which each teacher was equipped. Creation 

and delegation of the pseudonyms was a conscious effort of mine to ensure non-
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descriptive names for participants. Teaching background information was obtained 

through six open-ended questions on the teacher survey (see Appendix A). These 

questions were also used in the analysis of research questions 1a and 1b; their use is later 

explained in this chapter. 

Ms. Greene. Ms. Greene has been teaching for 38 years. She did not specify how 

many of those 38 years were teaching science. At The South School, she teaches science 

twice per week as this is the time allotted for science instruction. She indicated that she 

strives to use hands-on activities with each unit, and the last science-specific professional 

development she participated in was in 2012 when the school purchased a program called 

Science Fusion. The company provided an inservice professional development 

opportunity to show teachers how to use the program effectively. She rates her science 

teaching as a 4 out of 5, and when asked what she enjoys about science teaching, Ms. 

Greene responded, “I enjoy my students’ enthusiasm.” She verbalized to me that often 

times, during whole-group instruction or activities, she tells students the incorrect answer 

purposely to boost students’ own confidence in science and to keep them engaged in the 

lesson. She said that her students are excited to correct her and show off how much they 

know. Of Ms. Greene’s 28 students, parental consent and student assent were obtained 

for 23 students. 

Ms. Skye. Ms. Skye has only been teaching for one year, and it has been at the 

elementary level. Teaching science has been part of the curriculum for this year’s entirety 

and is taught 2-3 times per week because it alternates with social studies instruction on a 

weekly basis. Like Ms. Greene, Ms. Skye also strives to use hands-on instruction for 

science topics because she feels that her students will not master science understandings 

until they experience them first-hand. She tries to incorporate at least one hands-on 
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activity for each topic as she feels it will support her students’ understandings of the 

topic. As a first-year teacher, she rates her own teaching as a 3 or 4. Ms. Skye explained 

that as a new teacher, she understands that she has a lot to learn and she is excited to 

improve her craft as she gains experience. Based on her supervisor’s evaluations, 

students’ learning outcomes, and self-reflection, she feels as though she is on the path to 

exceptional teaching. While an undergraduate student, Ms. Skye took several science 

courses including chemistry, biology, and geology. She also completed a science methods 

course for elementary teachers. Overall, she reports that she views science instruction 

positively and enjoys exposing her students to a variety of science topics. Ms. Skye 

elaborated on this by saying, “In being such a hands-on subject, I love the ways [in] 

which science lessons naturally engage my students and allow me to facilitate their 

learning.” Ms. Skye’s class consists of 29 students, 8 of whom provided assent and 

parental consent to participate in this study. 

Ms. Orange. Ms. Orange has been an elementary educator for 31 years. She did 

not specify for how many years she’s been teaching science. In her current position at 

The South School, she teaches science twice per week, as this is all the time allotted for 

science instruction. She strives to include hands-on activities with each unit, but she says 

a lack of time and space makes this difficult. Like Ms. Greene, the last science-related 

class Ms. Orange participated in was the 2012 Science Fusion inservice. She expressed 

that more time and space would make teaching science more enjoyable for her. Parental 

consent and student assent were obtained for all 29 of Ms. Orange’s students.  

Ms. Rouge. Ms. Rouge has been teaching in elementary school for seven years 

and all seven years have included science teaching. She indicated that she teaches science 

about four times per week when teaching science. This is in contrast to the responses of 
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her colleagues and, presumably, she considered the average time spent teaching science 

throughout the school year as opposed to week-to-week science instruction considered by 

her colleagues. She explains that if they do not get to science instruction, it is because 

more time needs to be given to math or ELA instruction. Ms. Rouge tries to use hands on 

activities and group work as much as possible. She rates her own teaching at a 4 and feels 

she does her best in all aspects of teaching including creativity, differentiation, and “so 

much more.” She says that she incorporates activities that allow her students to 

collaborate with their peers and explore. Students participate in group work and 

independent activities as well as whole-group activities. When asked to recall her last 

science teaching course, Ms. Rouge stated that she thought it was a teaching science 

course in her undergraduate studies. I know that Ms. Rouge also participated in the 2012 

Science Fusion professional development. Ms. Rouge says that she enjoys teaching 

science but is not completely comfortable with all topics enough to go above and beyond 

in the subject area. Ms. Rouge’s class is made up of 24 students and is one of two special 

education classes. Of her 24 students, 11 provided parental consent and assent to 

participate in this study. 

Ms. Dott. Ms. Dott has been teaching for 14 years, all of which have included 

teaching science. Ms. Dott reported that she teaches science twice per week because this 

is all the time that is allotted. Ms. Dott tries to use hands-on activities in her science 

instruction for every unit and rates her teaching as a 4. She states that a lack of time and 

space in the classroom restricts her ability to teach science as best as possible. Like many 

of her colleagues, the 2012 Science Fusion professional development training was the last 

form of a science teaching course she received. Ms. Dott says that she likes science but 
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wishes her school provided more time and space to teach it effectively to the students. 

Ms. Dott has 29 students in her class, 9 of whom provided assent and parental consent. 

Ms. Violet. Ms. Violet has been teaching elementary for nine years, all of which 

have included science instruction. She teaches science 2-3 times per week, as it is built 

into the schedule. Ms. Violet indicated that 35 minutes per day is allotted for science or 

social studies instruction, and she strives to use hands-on activities in her science 

instruction because it is more engaging and meaningful for her students. She tries to 

incorporate 1-2 hands-on activities for each unit. Ms. Violet rates her own teaching as a 4 

and states that over the years, she has gained experience within the profession. She 

expressed that she “is open to new ideas and constructive criticism and likes to make 

learning fun!” (Teacher 6, Open-Ended #4, 2018). Ms. Violet states that the most recent 

courses she took were in college, presumably undergrad, but she did not provide any 

specific information to this question. She says that she enjoys teaching science because it 

gives her a chance to expose the children to real-life experiences and they get excited to 

learn science. Like Ms. Rouge’s class, Ms. Violet’s class is designated as a special 

education class and has 24 students. Ten of her 24 students returned the parental consent 

and student assent forms in order to participate in this study. 

Ms. Rose. Ms. Rose has been teaching for two years, both of which have included 

science instruction. She is currently a long-term substitute teacher, as this particular 

class’s regular teacher is out on maternity leave. She began in early March and will likely 

continue to the end of the academic year. Ms. Rose teaches science twice per week 

because this is all of the time that is allotted for science instruction. She strives to use 

hands-on activities with each unit, and rates her own science teaching a 4 out of 5 due to 

the lack of time and space. In spite of the time and space constraints, Ms. Rose states that 
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she has a strong interest in teaching science concepts to her students and she generally 

gets excited to teach science. She also indicates that she looks for new resources. Her last 

course concerning science was a science teaching methods courses in college, as well as a 

STEAM professional development event, for which Ms. Rose did not provide a 

timeframe or any other additional information. She enjoys teaching science and asking 

challenging questions to help her students think, experiment, and be enthusiastic. Her 

class consists of 29 students. Of Ms. Rose’s students, 13 provided both parental consent 

and assent to participate in this study.  

Sampling Methods 

For my dissertation, I analyzed data collected from the students who provided 

assent and parental consent. Data of non-assenting and non-consenting students were 

destroyed. I shredded all survey materials of nonparticipating students shortly after all 

data were collected and organized. Because of this, the sample is not considered random. 

As a full-time teacher and doctoral student, accessibility of my sample was a priority 

when choosing a site to consider for this study. Under this explanation, some may 

consider this sample a convenience sample. Kemper, Stringfield, & Teddlie (2003) 

identify a convenience sample as being “…easily accessible by the researcher” (p. 280). 

Convenience sampling is often looked down upon, presumably due to assumed 

biases of the researcher. Kemper et al. (2003) explain that convenience samples “…often 

result[s] in spurious conclusions and hence is rarely the sampling method of preference” 

(p. 280). The sample considered in this study, however, is not considered a convenience 

sample because certain criteria had to be met by participants. These criteria included 

being a 3rd grade student enrolled at The South School or being a 3rd grade teacher who 

teaches science at The South School. All participants have had experiences within 
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science education that contribute to their development of the constructs of SE, interest, 

and enjoyment for science and/or science teaching that are studied in this work (Creswell 

& Plano-Clark, 2011).  

Data Collection Instruments 

I developed nine data collection instruments for use in my dissertation study. 

Three instruments measured teachers’ beliefs about (a) self-efficacy (SE) in science and 

science teaching (Teacher Instrument for Science Self-Efficacy, or TISSE), (b) interest in 

science and science teaching (Teacher Instrument for Science Interest, or TISI), and (c) 

enjoyment of science and science teaching (Teacher Instrument for Enjoyment of 

Science, or TIES). Together, these three instruments are packaged as one survey that was 

administered to teachers and is referred to as the Teacher Instrument for Science Self-

Efficacy, Interest, and Enjoyment (TISSEIE). The complete survey includes 51 Likert-

scale items and 6 open-ended response questions (see Appendix A).  

I created three instruments to measure students’ perceptions of their teachers’ (d) 

self-efficacy in science and science teaching (Student Perceptions of Teacher Self-

Efficacy Instrument, or SPTSEI), (e) interest in science and science teaching (Student 

Perceptions of Teacher Interest Instrument, or SPTII), and (f) enjoyment of science and 

science teaching (Student Perceptions of Teacher Enjoyment Instrument, or SPTEI). The 

SPTSEI, SPTII, and the SPTEI were combined into a 25-item survey presented to 

students as the Student Instrument for Perceptions of Self-Efficacy, Interest, and 

Enjoyment of Science and Science Teaching (SIPSIES) (Appendix B). 

Lastly, I created three instruments to measure students’ beliefs in terms of (g) 

self-efficacy in science (Student Instrument for Science Self-Efficacy, or SISSE), (h) 

interest in science (Student Instrument for Science Interest, or SISI), and (i) enjoyment of 
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science (Student Instrument for Science Enjoyment, or SISE).  In the same fashion as the 

TISSEIE and the SIPSIES, the SISSE, SISI, and SISE were combined to become the 24-

item Student Instrument of Science Self-Efficacy, Interest, and Enjoyment (SISEIE) 

(Appendix C). 

Each of the instruments used a 5-point Likert-scale with A (or 1) indicating that 

the participant “strongly disagrees” with the survey item, and E (or 5) “strongly agrees” 

with the survey item. I used this Likert-scale so that higher ratings reflect one is more 

self-efficacious in, has more interest in, or enjoys science and/or science teaching more 

when it came time to organize and analyze the collected data. Table 1 depicts an 

overview of each surveys’ items as they pertain to SE, interest, and enjoyment for science 

and/or science teaching, as well as which items were negatively-worded. I will discuss 

development of these items in more detail in subsections to follow.  

Table 1 
 
Breakdown of Items per Survey and Construct 

Instrument SE INT ENJ Negatively-Worded Items 

TISSEIE 1-12  
(Riggs & 
Enochs, 
1990) 

13-32 33-51 2, 4, 5, 8, 9, 10, 12, 17, 35, 36, 
37, 39, 40, 47, 50 

SIPSIES 1-8 9-17 18-25 1, 3, 4, 5, 6, 8, 12, 14, 19, 20, 21, 
25 

SISEIE 1-8 9-16 17-24 1, 3, 4, 5, 8, 13, 18, 19, 22, 23 

Note. This table shows the breakdown of items for each of the three surveys (Teacher 
Survey (TISSEIE), Student Perceptions Survey (SIPSIES), and Student Survey (SISEIE)) 
by the three constructs that are being studied (self-efficacy, interest, and enjoyment of 
science and science teaching). SE = Self-Efficacy, INT = Interest, and ENJ = Enjoyment 
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I constructed some of the instrument items to be negatively-worded to gauge 

internal consistency reliability. Negatively-worded items ensure that participants are 

paying attention to what survey items are asking them to answer and contributes to 

internal consistency reliability when participants answer appropriately to related survey 

items. By implementing the use of negatively-worded items, I was able to infer potential 

participant disengagement upon noticing patterned responses (Furr & Bacharach, 2008, p. 

111).  

Readability of the instruments, particularly the instruments that students 

completed, was important to this study due to the fact that the majority of participants are 

in the 3rd grade. I conducted a readability test for all items using the built-in Flesch-

Kincaid grade level analytic of Microsoft Word. This tool of MS Word combines the 

Flesch Ease and the Flesch-Kincaid Grade Level metrics to give an approximation of 

reading grade level. I reworded all items to generate a reading level score at, below, or 

slightly above a 3rd grade level to maximize readability of items for the range of student 

abilities presumed at the 3rd grade level. The average grade reading level of the entire 

survey measuring student beliefs is 2.6. The average grade reading level of the entire 

survey measuring student perceptions is 3.4. 

I conducted a pilot study of all the instruments to identify any problematic areas 

before administering them to my dissertation sample. Prior to the pilot study, I 

ascertained content validity by asking an expert in both science education and educational 

psychology to review all variable instruments. Further, a small group of science teachers 

and non-experts reviewed the instruments prior to pilot study implementation in an effort 

to maintain face validity. Furr and Bacharach (2008) make the distinction between 

content validity and face validity. They define content validity as, “…the degree to which 
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the content of a measure truly reflects the full domain of the construct…” (p. 173), and 

this can only be determined by experts of that particular construct. Face validity, on the 

other hand, is “…the degree to which a measure appears to be related to a specific 

construct, in the judgment of non-experts such as test takers…” (p. 173). This distinction 

is an important one as a measure needs to have a degree of correctness, but also needs to 

be readable and valued by the test taker. Together, content and face validity add to the 

overall construct validity of an instrument. I incorporated all reviewer comments on 

content and face validity in developing the items for the pilot study. For pilot testing of 

the teacher instrument, I asked four 4th grade teachers from The South School to consent 

to participate. For pilot testing of the student instruments, I involved 94 (for whom 

assent, and parental consent were obtained) 4th grade students, also from The South 

School, to participate. Results from the pilot helped to inform changes that were made to 

the teacher instrument and student beliefs instrument that were carried over into the 

dissertation study involving 3rd grade students of the same school. These changes are 

described in more detail in the discussion of each individual instrument. 

Pilot Study and Instrument Reliability 

The following subsections detail my development of each instrument, including 

the reliability results from the pilot study and how instruments were altered for my 

dissertation study as a result of the pilot. The pilot was run at The South School and 

consisted of 94 4th grade students and their four 4th grade science teachers. Because I 

collected pilot data in the fall and dissertation data in the spring, there was little 

difference in age between the two samples I used Cronbach’s alpha, a statistical test of 

reliability, to ascertain internal consistency for multi-item instruments (Gliem & Gliem, 

2003). According to Furr and Bacharach (2008) “…reliability is a theoretical property of 
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a test and cannot be computed directly” (p. 104). In other words, researchers calculate 

reliability of a measure from data they collect in studies validating their instruments (e.g., 

the pilot study that I conducted examining the nine instruments prior to implementing 

them in my dissertation study). 

Gliem and Gliem (2003) outline the generally accepted criteria of alpha values for 

reliability (referencing George & Mallery, 2003). An alpha value of .9 or above is 

considered “excellent,” meaning that items of the instrument are related enough with one 

another to consider depending on the instrument to measure a particular construct 

reliably. Alpha values between .8 and .89 are “good,” and values between .7 to .79 are 

considered to be “acceptable.” Values .69 and below are beginning to become 

“questionable” and the instrument should be looked at more closely, while values 

between .5 and .59 are poor. Alpha values below .5 are unacceptable and the instrument 

is considered unreliable. I followed the same criteria when determining reliability for 

each of the nine instruments I created for this study. 

Teacher Instrument for Science Self-Efficacy (TISSE) 

I developed the TISSE based on the STEBI, developed by Riggs and Enoch 

(1990). The original STEBI consisted of 25 Likert-scale type items and measured two 

constructs: personal SE and outcome expectancy. “Criteria selected were based on their 

established correlation with teaching efficacy beliefs or their hypothesized relationship 

with science teaching efficacy beliefs” (p. 632). In the initial validation of the STEBI, 

Riggs and Enoch (1990) reported Cronbach’s alpha values of .92 and .77, respectively, 

giving their scales better than good reliability.  

For my dissertation study, I removed items measuring outcome expectancy 

because this is not a variable of interest in my study. Therefore, I only kept the 12 items 
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measuring personal SE from Riggs and Enoch’s (1990) instrument to be used for my 

teacher SE instrument. In my pilot study involving four 4th grade teachers, Cronbach’s 

alpha for the 12-item TISSE was 0.83, which exceeds the acceptable reliability threshold. 

Table 2 

 
TISSE Open-Ended Questions from Pilot to Dissertation 

Note. The first column of this table depicts the original STEBI open-ended items. The second 
column depicts which questions from the STEBI were used in the initial pilot study. Based on 
pilot teacher responses, questions were altered/added. These questions are depicted in the last 
column and used in my dissertation study. 
 

The STEBI consisted of seven additional questions probing teacher experience 

using such questions like, “years spent teaching at the elementary level” and “use of 

Original STEBI Open-Ended Subset 
(Riggs & Enochs, 1990, p. 632) 

Original STEBI Open-Ended Subset 
(Used in Pilot) 

New Question 
(Used in Dissertation) 

“Years spent teaching at the 
elementary level” 

“How many years have you spent 
teaching at the elementary level?”  

“How many years have you spent 
teaching at the elementary level, and 
how many of those years included 
teaching science?” 
 

“Acceptance of responsibility for 
science teaching (choice of teaching 
science)” 

“Did you choose to teach science?” “How often do you teach science 
throughout the week and why?” 
 

“Time teaching science” 
 

“How long have you been teaching 
science?” 

Question to be removed (merged into 
first question) 
 

“Use of activity-based science 
instruction” 

“Do you strive to use hands-on 
activities in your science 
instruction?” 

“Do you strive to use hands-on 
activities in your science instruction? 
Why or why not, and if so, how 
often?” 
 
 

“Science teaching self-rating” “How would you rate your own 
science teaching, on a scale from 1-
5?” 

“How would you rate your own 
teaching, on a scale from 1-5 with 1 
being poor and 5 being exceptional? 
Please provide a couple of reasons 
and examples to support your 
rating.” 
 

“Subject preference as measured by 
the Subject Preference Inventory 
(Markle, 1978)” 

(Additional Question) “What is/are the most recent science 
course(s) you took (either in or since 
college)?” 
 

“Principal rating (not available for 
most subjects).” 

(Additional Question) “How would you describe your 
feelings towards science and 
teaching science?” 



 70 

activity-based instruction” (p. 632). A subset of these additional questions was included 

to strengthen construct validity of the original scale and to gather background for the 

teachers involved in my study (see Appendix A). Table 2 displays which five of the seven 

questions from the STEBI were used in the initial pilot, and how these questions were 

changed for my dissertation study. 

 The teachers’ responses to these questions were compiled and, in the case of the 

dissertation study, serve as descriptions of each teacher presented earlier in this chapter. 

These questions were also intended to help to provide insights to the teachers’ 

experiences that may have contributed to their survey responses. These insights are 

presented in Chapter 4. 

Teacher Instrument for Science Interest (TISI) 

 For the TISI, I developed a 20-item instrument to measure teachers’ interest in 

science and teaching science. I developed these items using Renninger and Bachrach’s 

(2015) study of interest and engagement triggers. I identified various claims from the 

literature that I hypothesized would accurately and appropriately gauge teacher interest in 

science and science teaching. I then reworded them so that they can be read as 

agreeable/disagreeable statements. For example, the passage, “The literatures on interest 

and engagement each point to the environment (e.g., the exhibit, the workshop, the 

classroom) and to educators (e.g., the docent, the workshop facilitator, the teacher) as 

critical to whether and how learning occurs” (Renninger & Bachrach, 2015, p. 60) 

sparked the interest survey item, “My classroom is set up for science/laboratory 

activities.” I created this item from this passage because both allude to the importance of 

the classroom environment on the facilitation of learning and acknowledge the teacher’s 

role in creating a learning environment. Another example is the passage, “To predict the 
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success of triggers, it appears that one would need knowledge and understanding of both 

the activities in the learning environment and information about the learner” (Renninger 

& Bachrach, 2015, p. 65). This passage inspired the item, “I tailor my science lessons and 

activities to the needs and interests of my students.” Both the passage and the item echo 

that a teacher needs to have a knowledge base in regard to content and students’ needs in 

order to be effective. By then employing this knowledge base to create science lessons or 

activities specific to the learner, a deeper interest in science teaching is demonstrated by 

default. 

I also included the 20-item TISI in the pilot study I conducted with the same 4th 

grade teachers who responded to the TISSE. For this instrument, reliabilities also 

exceeded the acceptable threshold with Cronbach’s alpha of .96.  

Teacher Instrument for Enjoyment of Science (TIES) 

I created enjoyment items for the TIES using the book chapter by Sinatra, 

Broughton, and Lombardi (2014) exploring emotions in science teaching and learning. In 

the same fashion as interest survey item construction, I created items from various claims 

made throughout the literature. An example is the passage, “…the idea of science as a 

dispassionate and emotionless pursuit is belied by the fact that science is a human 

endeavor” (Sinatra et al., 2014, p. 415) was inspiration for the enjoyment item, “I view 

science as a passionate human endeavor.” The passage and the item suggest an emotional 

connection with science. So, a teacher who agrees or strongly agrees with the item would 

be implying that they have an emotional connection to science; in this case, enjoyment is 

the emotion being considered. 

Like interest item construction, I continued this process until the enjoyment 

instrument totaled 19 items. I also included this instrument in the pilot study. Reliability 
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generated from the pilot study for the TIES also exceeded the acceptable threshold with 

Cronbach’s alpha of .92. 

Student Perceptions of Teacher Self-Efficacy Instrument (SPTSEI) 

I made the 8-item SPTSEI to be parallel to the TISSE. Items from the teacher 

survey were reworded to be applicable to the students’ perceptions of their teachers. In 

many cases, items were transferred perfectly. An example of one such case is the item, 

“Even when I try very hard, I don’t teach science as well as I do most subjects” from the 

TISSE, which transfers to the SPTSEI item, “My teacher does not teach science as well 

as they teach other subjects.” 

In some cases, items from the teacher survey did not transfer as neatly to the 

student perceptions survey and needed to be reworded to be reflective of a student’s 

perception of their teacher, or in other cases, removed completely. An example of a 

TISSE item that needed to be reworded is the statement, “Given a choice, I would not 

invite the principal to evaluate my science teaching” (Riggs & Enochs, 1990, Item 21). 

This item was reworded to say, “The principal does not come watch my teacher teach 

science” on the SPTSEI in order to gauge student perception of their teacher’s SE. For 

cases in which an item did not transfer from the TISSE to the SPTSEI, the item was not 

included in the latter instrument. An example of an item that did not transfer from the 

TISSE to the SPTSEI is, “I am continually finding better ways to teach science.” This is 

because I felt as though a 3rd grade student would have difficulty imagining the effort his 

or her teacher puts into planning for science instruction and may be confused when 

attempting to answer this item. 

I included the 8-item SPTSEI in the pilot study I conducted with 4th grade 

students enrolled in each of the 4th grade teachers’ science classes. The pilot study 
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generated Cronbach’s alpha of .83 for this instrument, which is above the acceptable 

threshold of reliability boundaries. 

Student Perceptions of Teacher Interest Instrument (SPTII) 

I created student items for the SPTII the same way I created items for the SPTSEI. 

Teacher instrument items were read and reworded to be appropriate from a student’s 

perspective of capturing their teachers’ beliefs. Again, most items transferred nicely. For 

example, the teacher survey item, “When teaching science, I usually welcome student 

questions” transferred nicely to the student survey item, “My teacher likes when I ask 

science questions.”  

Some items needed to be reworded to be appropriate for a student audience, such 

as the TISI item, “I am encouraged to set goals for my students in science.” This item 

was reworded to become, “My teacher sets goals in science.” Items that did not transfer 

from the TISI to the SPTII were not included in the student instrument. An example of an 

item that did not transfer from the TISI to the SPTII is, “Student interest in science comes 

from the interest the teacher has for science and science teaching.” This item was not 

included because I felt was too abstract for a 3rd grade student to consider. This 

instrument consists of 9 items and yielded a Cronbach’s alpha value of .86, exceeding the 

acceptable threshold.  

Student Perceptions of Teacher Enjoyment Instrument (SPTEI) 

The SPTEI is an 8-item instrument measuring student perception of their 

teacher’s enjoyment for science and science teaching. I created it employing the same 

methods and literature as the previous teacher instruments.  

An example of an item that transferred nicely from the TIES to the SPTEI is, 

“Science amazes me.” This teacher instrument item became, “My teacher is amazed by 
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science” on the SPTEI. Another example demonstrates the slight rewording I had to do in 

order to make items appropriate for this instrument; “Science makes me anxious” from 

the TIES became “My teacher seems nervous while teaching science” on the SPTEI.  

Items such as “I enjoyed my science classes in the past” are not applicable to 

student perceptions as teachers’ past feelings can be difficult for a student to ascertain. 

For this reason, they were left off of this 8-item instrument. Reliability for the SPTEI also 

exceeded the acceptable threshold of Cronbach’s alpha, yielding a value of .88.  

Student Instrument of Science Self-Efficacy (SISSE) 

The SISSE measures student report of their own SE for science. This is 

independent of their teacher’s self-efficacy and student perceptions of their teacher’s self-

efficacy. I derived this 5-item instrument using both the TISSEI and the SPTEI as 

models, and items were created the same way as before. I excluded items from the 

TISSEI in an effort to minimize the length of the student survey. I wanted to keep the 

student surveys short to avoid reader fatigue and to minimize cognitive load, as my 

student participants were young. 

 Having only 5 items on the SISSE proved to be problematic yielding a 

Cronbach’s alpha of .64, which is erring towards being unreliable (Gliem & Gliem, 

2003). To remedy the low alpha outcome of the SISSE instrument, I added 3 SE items for 

a total of 8 items, which is comparable to the previous instruments created. These 

additional items include, “I try to find new ways to learn science,” “I can answer my 

classmates’ questions about science,” and “When I don’t understand a science concept, I 

don’t know how to understand it better.” These items were checked for readability and 

added to the SISSE.   
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I expected that after adding these items, reliability of the SISSE would more 

closely reflect the reliability yielded for the SPTSEI. Reliability and descriptive statistics 

of my dissertation study are presented in Chapter 4. I was not concerned by the amount of 

time that was added to the SISSE, as this instrument is still considerably shorter than the 

other instruments created. In the pilot study, all instruments were able to be completed by 

students in approximately twenty minutes. Given the additional SISSE items, I was more 

cognizant of the amount of time spent reviewing directions with students, as discussed in 

subsections to come. 

Student Instrument of Science Interest (SISI) 

The SISI is a 7-item instrument that measures students’ own interest in science. 

Like with the other instruments, some items transferred cleanly, while others needed to 

be reworded or removed. An example of an item that transferred cleanly from the 

previous instruments is the item, “When teaching science, I usually welcome student 

questions.” This item transferred nicely to the student survey item, “My teacher likes 

when I ask science questions.” I considered these items together and turned them into the 

SISI item, “I like to ask science questions.” 

An item that needed to be reworded from instrument to instrument is exemplified 

by the item, “I am encouraged to set goals for my students in science” from the TISI. 

This item was reworded to become, “My teacher sets goals in science” on the SPTII and, 

“I set goals for myself in science” on the SISI. An item that did not transfer over from 

either of the instruments is the item, “My classroom is set up for science/laboratory 

activities” became “The classroom is set up for science.” I excluded this item from the 

SISI because it was not appropriate for measuring student interest considering students do 

not typically have a hand in classroom setup. 
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I experienced similar set-backs with the SISI as I did with the SISSE in terms of 

reliability of this instrument. A Cronbach’s alpha of .74 was generated indicating that this 

measure is of acceptable value, however, it is not quite as high as I would like it to be nor 

is it consistent with the other instruments developed. For this reason, I added one item to 

bring the total number of items on the SISI to 8 in an effort to increase reliability for my 

dissertation. The item, “I am just not interested in science” was added to the SISI before I 

administered it to my 3rd grade dissertation sample. 

Student Instrument of Science Enjoyment (SISE) 

 I created this 6-item measure of enjoyment following the same principles I used in 

item construction of the previous instruments (i.e., those created for the present study). 

An example of an item that transferred perfectly from instrument to instrument is, 

“Science makes me anxious” from the TIES, which became, “My teacher seems nervous 

while teaching science” on the SPTEI, which was then turned into “I get nervous when 

doing science” on the SISI. Some items did not transfer as cleanly across instruments and 

were not included in the TIES. One example of this is, “I enjoy facilitating multi-day 

science experiments” from the TIES. This item was not included because multi-day 

science experiments are not typically carried out at the elementary level of The South 

School and as a result, is irrelevant to this study and may have confused students when 

attempting to answer the item. 

Reliability of the SPTEI was .69, which is below the acceptable threshold for 

Cronbach’s alpha. This is likely due to the small number of items set to measure students’ 

enjoyment of science. For my dissertation, I added two additional items for a total of 

eight items. These items include, “Science stresses me out,” and “I am fascinated by what 

past scientists have done.”  
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Item Alignment of the Various Instruments 

Table 3 provides a visualization of instrument item alignment across the three 

variables that were observed in the pilot and were carried over to my dissertation study. 

Table 3 
 
Item Transfer Across Instruments 

Variable Teacher Item Student Perception Item Student Beliefs Item 
Self-Efficacy When teaching 

science, I usually 
welcome student 
questions 

My teacher likes when I 
ask science questions 
 

I like to ask science 
questions 
 

Interest I specifically plan 
hands-on activities for 
my students’ work in 
science 

My teacher plans science 
labs for class 
 

I do science 
experiments at home 
 

Enjoyment I promote problem-
solving activities in my 
classroom 

My teacher makes me 
problem solve in the 
classroom 

I like to problem 
solve in the 
classroom 

 

Descriptive Statistics and Bivariate Correlations of Pilot Study 

 I calculated aggregate scores for the student instruments and calculated means, 

standard deviations, and Pearson bivariate correlations for each variable score. However, 

because the of the small teacher sample size (N = 4), I did not calculate aggregate scores 

for the teacher variables. Table 4 shows the correlations, means, and standard deviations 

amongst instruments, generated by the pilot study, that are discussed below. 

 Each of the six student instruments presented in Table 4 generated means above 

3.7 with standard deviations above .8. This indicates that students responded neutrally or 

more positively on survey items from each of the two student instruments. In other 

words, 4th grade students view their teachers’, as well as their own, SE, interest, and 

enjoyment of science and science teaching, more positively than not. 
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Table 4 
 

Descriptive Statistics and Bivariate Correlations for the Pilot Study Variables 
Variable 1 2 3 4 5 6 

1. St. SE 
Beliefs 

−      

2. St. 
Interest  

.483* −     

3. St. 
Enjoyment 

.550* .683* −    

4. St SE 
Perc. 

.101 .114 .671* −   

5. St. Int 
Perc. 

.539* .883* .895* .114 −  

6. St. Enj 
Perc. 

-.002 .065 -.028 .671* .030 − 

M 3.72 3.73 3.90 3.89 3.78 3.88 

SD .819 .867 .819 .822 .822 .989 

Note. SE = self-efficacy; St = student; Perc. = perceptions of teachers’; Int = Interest;  
Enj. = Enjoyment.  
*p ≤ .01 
 

Several of the correlations between variables are significant with strong 

associations. Associations are determined by the effect size of the correlation. Cohen 

(1992) discusses the importance of effect sizes. The effect size determines the strength of 

the correlation; in other words, the effect size explains how strong the relationship 

between two variables is. Cohen (1992) explains that an effect size range of .1 ≤ r < .3 is 

considered small, meaning that there is a weak association between variables; .3 ≤ r < .5 

is a medium effect size, or a moderate association; and an effect size larger than .5 is 

considered large and indicates a strong association amongst the variables being 

considered. 

 Student interest and student SE are significantly correlated (p ≤ .01), however, 

they are moderately associated with an effect size of .483. The relationship between 
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student enjoyment and student SE is similar in that it is significantly correlated (p ≤ .01). 

This correlation, however, is moderate as is the relationship between student perception 

of enjoyment and student SE. Student enjoyment, however, is significantly correlated 

with student interest and is strongly associated with an effect size of .683. Student 

perception of teacher interest is significantly correlated (p ≤ .01) with student interest and 

student enjoyment with large effect sizes of .883 and .895, respectively. Student 

perceptions of teacher enjoyment and student perceptions of teacher SE are also 

significant (p ≤ .01) with a large effect size of .671, indicating a strong relationship 

between the variables. 

Procedures 

My data collection was completed in a matter of four weeks over the course of 

one year (i.e., the pilot study took four weeks to complete in the Fall of 2017 and my 

dissertation study took four weeks to complete in the Spring of 2018). Both the pilot 

study and my dissertation followed the same schedule presented in this chapter. 

Table 5 depicts the timeframe that was followed for both the pilot and dissertation 

studies. In addition to IRB approval from Temple University (Appendix E), I also 

obtained permission from the elementary school building administration of The South 

School to conduct my research (Appendix F). 
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Table 5 
 
Study Timeline 

Week One 
Data Collection 

• Met with teachers to discuss the terms of the study  
• Obtained teacher consent 
• Distributed teacher survey (TISSEIE) 
• Distributed student parental consent forms 

Week Two 
Data Collection 

• Collected student parental consent forms 
• Collected teacher survey 
• Distributed and collected student assent forms 
• Completed student beliefs survey (SISEIE) 

Week Three 
Data Collection 

• Collected any remaining student parental consent forms 
• Collected any surveys that were not completed the week prior 
• Completed student perceptions survey (SIPSIES) 

Week Four 
Organization and 

Analysis 

• Matched parental consent and assent with completed surveys 
• Destroyed materials of students who were missing parental 

consent and/or assent 
• Assigned students and teachers random but coordinating 

identification numbers 
• Scanned all survey responses into spreadsheet format 

 

Week One 

I met one-on-one with the teachers first to obtain teacher consent, as well as to 

distribute the teacher instrument, which aims to measure self-efficacy, interest, and 

enjoyment for teaching science. During this time, I also explained my study to the 

teachers in more detail and answered all questions. In sensitivity to the teachers’ 

commitments to their classroom responsibilities, I asked teachers to take their surveys 

home and complete them at their convenience. In addition to the Likert-scale items, there 

was also a set of six open-ended questions for the teacher to complete in order to collect 

data on each of the teachers’ backgrounds and teaching experiences. At the end of this 

meeting, each teacher was instructed to distribute parental consent to their students to 
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bring home to their parents or guardians. I also asked teachers to collect signed consent as 

students returned them. I provided teachers with all of the materials they needed, 

including the teacher consent form, teacher survey, survey response sheet, additional 

loose-leaf paper, student parental consent forms, a pencil, and a manila envelope in which 

to keep materials organized. This meeting did not exceed one hour’s time including 

answering any questions the teachers had. Teachers were also provided with my email 

address and cell phone number in the event they had more questions following our 

meeting. The teachers had one week’s time to complete the TISEIE. I allowed teachers to 

collect parental consent forms throughout the four weeks of my study because all 

students were asked to participate in an effort to maintain classroom management. The 

materials of any students who did not return parental consent by the end of the four-week 

study allotment were not included in analysis and materials were destroyed.  

Week Two 

I entered the classroom one week after the initial meeting to obtain student assent 

and administer the SISEIE. This marked Week 2. I introduced myself to the students, 

explained my study and the student assent form to them, instructed students to sign the 

form if they would like to participate, and then collected all assent forms before 

administering the student beliefs survey. I then distributed survey materials. I gave 

teachers the option to either remain in the room or leave during survey administration. 

Teachers who chose to remain in their classrooms while the SISEIE was being 

administered were permitted to assist struggling students in survey completion but were 

instructed to be careful not to lead students to any responses. In other words, teachers 

were encouraged to read survey items to their struggling students and ensure the intended 

bubble was filled in on the survey response sheet.  
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I explained to students that although all students were asked to complete the 

student instrument, only surveys completed by students who granted assent and provided 

parental consent would be analyzed. I told students that surveys of students without 

assent and parental consent would be destroyed once data were sorted and organized into 

SPSS. Surveys were made up by absent students, where possible. I did not want to burden 

the teachers with chasing absent students down to complete the surveys. I also did not 

want to take away additional instructional time than was already required by this study. 

As a result, at the end of this study four of the 103 assenting and consenting students 

were removed from analysis because they were missing one of the surveys due to an 

absence. 

I explained to students how to complete the paper-and-pencil student survey. I 

wrote the Likert-scale meanings on the whiteboard at the front of the room and informed 

students that “A” indicated that the student strongly disagreed with the survey item, “B” 

meant that they disagreed, “C” meant that the student did not have any particular feelings 

towards the item, “D” indicated that the student agreed with the survey item, and “E” told 

me that the student strongly agreed with the survey item. In addition to this, I also drew 

an example on the board that depicted the correct way to mark the desired letter on the 

survey response form.  

Each student received a paper copy of the survey and a survey response sheet. 

Students were not permitted to write on the survey as it was reused for each of the seven 

classes. In an effort to preserve the paper copy surveys and to ensure that students did not 

write on these documents, I placed the student perceptions survey and the student beliefs 

survey back-to-back in a clear sheet protector. I affixed a sticker that read “This Side” to 

each survey so students did not become confused as to which survey they were to 
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complete on any particular day. Following the description of the survey and response 

directions, I read each survey item aloud to the class. Students with quicker reading paces 

were invited to read ahead of me while other students followed along as I read each 

survey item. I chose to read questions aloud to students in an effort to aid students who 

struggled in reading and to control the time it took for students to complete the survey. I 

instructed students to raise their hand if I began reading too quickly. A raised hand served 

as my signal to slow my pace to give students the opportunity to catch up. I also repeated 

questions as needed. Obtainment of student assent, directions, and survey completion 

took approximately 30 to 45 minutes to complete, depending on the class. When I 

finished reading each item and no one needed items repeated, I collected all surveys.  

After students finished responding to the SISEIE and I collected all materials, the 

surveys were flipped within the sheet protector so that the student perceptions survey was 

the one marked with the “This Side” sticker in preparation for Week 3. This procedure 

was followed for each of the seven 3rd grade science classes. I stored all survey materials 

by class, contained in manila envelopes, for each teacher until Week 3 when the student 

perceptions surveys were administered.  

Week Three 

One week following the initial student survey, I reentered each of the seven 

classrooms to administer the student perception survey to students. This was the last 

round of data collection using the 3rd grade teachers and students. Again, I gave teachers 

the option to either remain in the room or leave during survey administration. Teachers 

who chose to remain in their classrooms while the SIPEIES was being administered were 

permitted to assist struggling students in survey completion but were instructed to be 

careful not to lead students to any responses. In other words, teachers were encouraged to 
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read survey items to their struggling students and ensure the intended bubble was filled in 

on the survey response sheet. In similar fashion to the administration to the student 

survey, I affixed the “This Side” sticker to the student perceptions surveys. I also 

provided students with the same reminders of the Likert-scale ratings and responding 

directions that I provided during Week 2. Students responded to this survey on the 

opposite side of their response sheets. In other words, responses to the student beliefs 

survey were on side one of the response sheet and the student perception survey was on 

the other side of the response sheet.  

I reviewed Likert-scale ratings as well as reminded students to fill in the bubble 

completely on their response sheet. I wrote these reminders on the whiteboard at the front 

of the room the same way I did in Week 2. I then proceeded to read each item aloud to 

students to again control pacing of the survey. Students who read at a quicker pace were 

invited to read ahead and complete the survey at their own pace. In the same fashion as 

the administration of the previous survey, I instructed students to raise their hand to 

signal that I was reading too quickly. A raised hand told me to slow my pace and give 

students the opportunity to catch up. I also repeated questions as needed. At the 

completion of the survey, I collected all materials. This procedure was followed for each 

of the seven 3rd grade classes. All survey responses were stored by class in manila 

envelopes until data were sorted and analyzed.  

Week Four 

Once all data collection was completed, the data needed to be organized. I went 

through each class set of parental consent, student assent, and completed surveys to 

match parental consent and student assent with the completed surveys. All surveys of 

students for whom parental consent and/or assent were not obtained were destroyed 
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(shredded) without being reviewed. The remaining consented and assented completed 

surveys were checked for stray marks. I erased any stray marks and I went over any 

surveys that were completed in pen with a pencil so that they were readable by the 

scanner machine. These surveys were then assigned identification numbers at random. 

Identification number assignment was achieved by shuffling surveys several times 

within their class piles so that collection order was disturbed. From the top of the pile to 

the last survey in the pile, student response sheets were assigned a number corresponding 

to their teacher. For example, the third student in the pile would be assigned a number 

such as, “0103.” This number would indicate that this particular student’s survey is from 

teacher 1’s class and is the third survey in the collection. This randomized assignment of 

identification numbers was repeated for each of the seven teachers’ classes to total seven 

classes. Following randomization, all survey responses were machine-scanned into an 

Excel spreadsheet. I scanned survey responses into this spreadsheet and converted all 

alphabetical ratings to numeric ratings. I also reverse coded any negatively-worded items 

so that higher values were associated with being more self-efficacious, having more 

interest, or enjoying science and/or science teaching more. Once this was completed for 

each of the surveys, data were uploaded to SPSS (IBM SPSS Statistics for Windows, 

Version 24.0 [Computer software]) for statistical analysis. 

Data Analysis 

Preliminary Analyses 

Data was analyzed in a number of ways. Upon completion of teacher and student 

surveys, survey responses were entered into SPSS (Version 24.0), which is the statistical 

software program I used for most of my data analyses. I ran a Cronbach’s alpha analysis 

of reliability on each of the nine instruments using my dissertation data to determine 
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reliability, as discussed in reference to the pilot data previously in this chapter. This 

reliability measure can only measure one variable at a time (Gliem & Gliem, 2003). For 

this reason, I analyzed each of the nine variables as opposed to the compiled teacher and 

two student surveys. To this extent, nine alpha values were calculated to generate 

reliability of the SE, interest, and enjoyment instruments for each of the three surveys. 

This measure also gave insight to the appropriateness of instrument items for my 3rd 

grade sample. This was conducted the same way in which the pilot data were analyzed 

for reliability using the data I collected from the 3rd grade students and teachers. Results 

of this are presented in Chapter 4. 

In addition to Cronbach’s alpha, I calculated the aggregate scores for each of the 

nine instruments. I also generated separate means and standard deviations for each 

instrument. I conducted these descriptive analyses prior to running the analyses tending 

to each of the three research questions. These descriptives are also discussed in the 

following chapter.  

Introduction of Analysis for Research Questions 

 The proceeding subsections introduce each of my research questions pertaining to 

my dissertation study as well as the analyses used to address each one. The first two 

research questions are related to each other, thus being treated as two parts to one 

question; RQ1a and RQ1b. I collected descriptive statistics for both RQ1a and RQ1b and 

also analyzed them qualitatively. My second research question (RQ2) pertains to the 

predictability of the variables being studied. This question was analyzed quantitatively 

through structural equation modeling (SEM). The following subsections present each 

analysis. 
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Research Question 1a 

How do elementary students’ perceptions of their teacher’s self-efficacy, interest, 

and enjoyment for science and science teaching compare to their teacher’s report of self-

efficacy, interest, and enjoyment for science and science teaching?  

Quantitative Analysis of RQ1a. I conducted a multivariate analysis of variance 

(MANOVA) as a screening analysis for both parts to my first research question. This 

screening allowed me to determine whether there were any differences between teacher 

groups. Prior to conducting the MANOVAs, I also screened the data to ascertain 

alignment with assumptions inherent in ordinary least squares analyses (OLS; e.g., 

MANOVA) about the normality and linearity of the sample. I also examined assumptions 

about the equality of the homogeneity of variance-covariance matrices. 

In the MANOVA, participants’ teacher was designated as the between-subjects 

variable and aggregate student scores of their perceptions of teacher beliefs were the 

dependent variables. As previously mentioned, open-ended questions were included in 

the teacher survey and were intended to help to provide insights to the teachers’ 

experiences that may have contributed to their survey responses. 

Qualitative Analysis of RQ1a. To explain and support the MANOVA results from 

RQ1a and RQ1b, I analyzed the teachers’ responses to each of the six open-ended (OE) 

survey questions and coded them according to the process described later in this chapter. 

This mixed-methods design in which quantitative analysis is explained and expanded by 

qualitative methods “…help[s] to explain the initial quantitative results” (Creswell & 

Plano-Clark, 2011, pp. 69-70). I associated the second and fourth open ended questions 

(OE2 and OE4, respectively) from the teacher survey with RQ1a because I felt they best 
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reflected the goal of RQ1a. Please refer to Appendix B for a complete table depicting 

teachers’ responses to each of the open-ended questions. 

OE2 asked teachers to reflect on how often they teach science while OE4 asked 

teachers to rate their own teaching. Each of these questions asked teachers to provide an 

explanation to support their responses. I chose these questions to support the findings of 

RQ1a because the teachers’ responses can be tapped into to explain, or in some cases 

defend, students’ perceptions of teacher SE, interest, and enjoyment for science and 

science teaching. They were also asked to provide a couple of reasons and examples to 

support their rating.  

Research Question 1b  

How do elementary students’ report of their own SE, interest, and enjoyment for 

science compare to their teacher’s report of SE, interest, and enjoyment for science?  

Quantitative Analysis of RQ1b. In alignment with RQ1a, I conducted a 

multivariate analysis of variance (MANOVA) to determine whether there were 

differences amongst teacher groups before approaching research question 1b. Prior to 

conducting the MANOVA, I screened the data again to ascertain alignment with 

assumptions inherent in ordinary least squares analyses and the equality of the 

homogeneity of variance-covariance matrices. In the MANOVA, participants’ teacher 

was set to be the between-subjects variable and aggregate student scores of their own 

science beliefs were the dependent variables. 

Qualitative Analysis of RQ1b. Parallel to RQ1a, responses to the open-ended 

responses were also looked at in an effort to address RQ1b. In reviewing teacher 

responses to the open-ended questions, I noticed that teachers’ responses OE3 and OE6 

provided the most support to RQ1b.  
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OE3 asked teachers to express whether or not they implement hands-on activities 

in their science instruction, while OE6 asked teachers to describe their feelings towards 

science and science teaching along with an explanation to support their response. I chose 

these questions to support the findings of RQ1b because the teachers’ responses can be 

tapped into to explain, or in some cases defend, students’ own beliefs in SE, INT, and 

ENJ for science. As such, a deeper discussion of teachers’ responses to this question are 

presented in the next chapter. 

Qualitative Data Coding 

I coded the teachers’ responses to the open-ended questions on the teacher survey 

using the same scheme used by Luccioni and Bailey (2016). Luccioni and Bailey (2016) 

coded their qualitative data with respect to Bandura’s four contributing factors of SE, as I 

discussed previously in Chapter 2. These four contributing factors of SE were mastery 

experiences, vicarious experiences, social persuasion, and physiological/emotional 

responses. In addition to SE, I also applied these contributing factors to interest (INT) 

and enjoyment (ENJ), seeing as the literature supports similar experiences contributing to 

further development or lack of development of these constructs (refer to Figure 1). 

Luccioni and Bailey (2016) saw a need to further specify their coding within the four 

contributing factors. Upon an initial read-through of teacher responses, I recognized the 

same need within my own data. As a result, each of the four constructs were further 

broken down within SE, interest, and enjoyment of science and science teaching in the 

same way Luccioni and Bailey further broke their codes down.  

Because teacher responses were vague and repetitive, I did not see the need to 

implement all of Luccioni and Bailey’s codes, however, I did have to account for two 

additional constructs; interest and enjoyment. As a result, I adapted Luccioni and Bailey 
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(2016)’s codes to reflect each of the contributing factors found within each of the 

constructs of SE, INT, and ENJ. When coding for mastery experiences, I coded 

comments pertaining to an experience the teacher experienced first-hand. Some responses 

in the mastery category needed to be broken down to reflect the variety of mastery 

experiences described by the teachers. This was also in alignment with the coding done 

by Luccioni and Bailey (2016), however, not all of their codes were applicable to my data 

set. As such, my coding of mastery experiences only included: mastery of content (M-C), 

mastery of self-oriented control or internal locus of control (M-IL), and mastery of 

student-oriented or external locus of control (M-EL). Locus of control pertains to how a 

teacher places the reasons being able to, or not being able to effectively carry out science 

instruction (Rotter, 1966). For example, when a teacher explained that they cannot teach 

science more effectively because of limited time and space, this demonstrated a possible 

interest for teaching science but something out of their control was prohibiting them from 

pursuing this interest. As such, I assigned the code INT-M-EL, suggesting that the 

comment indicated that the teacher may have been interested in implementing more 

science instruction, but the time allotted by the school for science instruction in 

conjunction with a lack of physical space prohibited them to teach science more. Things 

like time allotment and physical space are things that the teacher cannot control. This is 

exemplified in the comment, “I like science however, I wish my school provided more 

time and space to teach it effectively to the students” (Ms. Dott, OE6, 2018). 

I continued to follow Luccioni and Bailey (2016)’s methods for coding when I 

coded for each of Bandura’s constructs in consideration of SE, INT, and ENJ. I used a 

total of 10 different codes for teachers’ open-ended written responses, including 

responses that did not offer sufficient information. Teachers’ vicarious experiences came 
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from comments pertaining to teachers’ reference to enjoying their students’ enthusiasm 

for science (-V). The teacher response, “I enjoy my students’ enthusiasm” (Ms. Greene, 

OE6, 2018) is an example of a teacher’s expression of vicarious enjoyment for science or 

science teaching. In this example, I coded the response with “ENJ-V” to indicate a 

vicarious experience of enjoyment because the teacher is observing their students’ 

enjoyment for science. Unfortunately, there were no instances of social persuasions. For 

these reasons, I did not employ these codes that were created by Luccioni and Bailey 

(2016).  

Bandura included physiological and emotional responses in his four contributing 

factors of SE. These responses were also mirrored in INT and ENJ, especially 

considering the emotional linkages that inherently exist within INT and ENJ. As such, the 

biological and emotional episodes one experiences as a result of various stimuli have an 

impact in that individual’s development of SE, INT, and ENJ. Physiological responses 

were not observed in my study. However, considering enjoyment as an activating 

emotion (Lombardi & Sinatra, 2013), all comments pertaining to a teacher’s enjoyment 

were considered as an emotional response. These comments were coded with “ER” in 

alignment with the set of codes put forth by Luccioni and Bailey (2016).  

There were few instances where a teacher’s comment did not fit into any of the 

constructs for SE, INT, and/or ENJ. In these cases, I created additional codes to 

appropriately fit the data. An example of such includes instances in which teachers rated 

their own teaching, but only provided a numerical value. For example, OE4, teachers 

were asked to rate their own teaching between 1 and 5 and elaborate on why or how they 

settled upon this rating. Ms. Greene only provided the numerical rating in her comment 

with no further elaboration. This was coded as “other, with potential,” or OP. Another 
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example pertains to OE1 and OE5. These questions were asked solely to ascertain 

teachers’ background in science education. As such, they were coded with “BKGD.” 

Research Question 2 

Are elementary student perceptions of their teacher’s self-efficacy, interest, and 

enjoyment of science and science teaching predictive of elementary student self-efficacy, 

interest, and enjoyment of science?  

A main goal of this study is to determine whether or not student perceptions of 

their teacher’s SE, interest, and enjoyment of science and science teaching can predict the 

students’ report of their own SE, interest, and enjoyment of science. To accomplish this, I 

created and evaluated a structural equation model (SEM) using the WarpPLS software. I 

designated teacher reports as the latent variable to show pathways that may exist between 

student perception of teacher SE, interest, and enjoyment for science and science 

teaching, and students’ own ratings of SE, interest, and enjoyment for science. I assigned 

each of the teachers a number (i.e., 1, 2, 3, 4, 5, 6, and 7) and constructed a categorical 

latent variable for “teacher.” For the other latent variables, I used the aggregate scores 

that I previously calculated for the six student variables: SE, interest, and enjoyment; 

perceptions of SE, perceptions of interest, and perceptions of enjoyment. Figure 2 shows 

a hypothesized model that I considered prior to running the analysis.  
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Figure 2. Hypothesized structural equation model depicting assumed relationship between 
teacher beliefs, student perceptions of teacher beliefs, and student beliefs. SE = Self-
Efficacy, INT = Interest, and ENJ = Enjoyment 

I expected that students would perceive their teachers’ beliefs in science and 

science teaching and this perception would mediate students’ construction of their own 

beliefs in science. This model was hypothesized in consideration of the literature 

discussed in Chapter 2. This model does not, however, display the inherent reciprocal 

nature of the constructs of SE, interest, and enjoyment that the literature suggests. This 

omission of reciprocity was intentional as I am trying to depict the possible predictability 

of student SE, interest, and enjoyment from their perceptions of their teachers. 

SEM is typically used to infer causal relationships (Tabachnick & Fidell, 2007), 

although it has been used to depict pathways of predictive relationships between multiple 

variables (Kunter, 2008). This latter use makes SEM an appropriate analysis to approach 

RQ2. The actual model generated by the SEM software used (WarpPLS) is found in 

Chapter 4, and further discussed in Chapter 5. 
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CHAPTER 4 
RESULTS AND ANALYSIS 

This chapter presents the analyses used to approach each of my research 

questions. I first present a screening of the data yielded from each of the nine variable 

scores. The Teacher Instrument for Science Self-Efficacy, Interest, and Enjoyment 

(TISSEIE) provided three of the nine variables of this study. These variables are teacher 

SE, teacher interest (INT), and teacher enjoyment (ENJ) of science and science teaching. 

Three variables, student perceptions of teacher SE (SPSE), student perceptions of teacher 

interest (SPINT), and student perceptions of teacher enjoyment (SPENJ) came from the 

Student Instrument for Perceptions of Self-Efficacy, Interest, and Enjoyment of Science 

(SIPSIES). The last three variables came from the Student Instrument of Science Self-

Efficacy, Interest, and Enjoyment (SISEIE) and include student beliefs of SE (SBSE), 

student beliefs of interest (SBINT), and student beliefs of enjoyment (SBENJ) of science. 

I then provide a discussion of preliminary data analysis and assumption testing to address 

any outlying data points. To conclude this chapter, I provide a summative analysis of the 

data used to approach each of the following research questions:  

RQ1a: How do elementary students’ perceptions of their teacher’s self-efficacy, 

interest, and enjoyment for science and science teaching compare to their 

teacher’s own report of self-efficacy, interest, and enjoyment for science and 

science teaching?  

RQ1b: How do elementary students’ report of their own SE, interest, and enjoyment 

for science compare to their teacher’s own report of SE, interest, and enjoyment 

for science? 
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RQ2: Are elementary student perceptions of their teacher’s self-efficacy, interest, 

and enjoyment of science and science teaching predictive of elementary student 

self-efficacy, interest, and enjoyment of science?  

Preliminary Analysis 

 I divided this section into multiple subsections that describe the various data 

screenings I performed prior to conducting my analysis. I first gauged instrument 

reliability that I used to calculate variable scores. I then calculated aggregate scores in 

SPSS to create variables for student perceptions of teacher SE (SPSE), student 

perceptions of teacher interest (SPINT), student perceptions of teacher enjoyment 

(SPENJ), student beliefs in SE (SBSE), student beliefs in interest (SBINT), and student 

beliefs in enjoyment (SBENJ). I then checked my data for outlying scores and gathered 

descriptives on each of the variables in preparation of my analysis.  

Instrument Reliability 

In this subsection, I present the reliability scores yielded by my dissertation 

sample, the 3rd grade teachers and students of The South School. I employed Cronbach’s 

alpha to ascertain internal consistency for multi-item instruments (Gliem & Gliem, 2003). 

I present each of the nine instruments packaged as the full surveys that were administered 

to the 3rd teachers and students. I first discuss the Teacher Instrument for Science Self-

Efficacy, Interest, and Enjoyment (TISSEIES), then the Student Instrument for 

Perceptions in Self-Efficacy, Interest, and Enjoyment of Science and Science Teaching 
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(SIPSIES), and finally, the Student Instrument for Self-Efficacy, Interest, and Enjoyment 

(SISEIE).  

Teacher Instrument for Science Self-Efficacy, Interest, and Enjoyment  

The TISEIES is comprised of three subscales that measured teacher self-efficacy 

(TISSE), interest (TISI), and enjoyment (TIES) of science and science teaching. The 

TISSE, TISI, and TISES generated Cronbach’s alpha values of 0.852, .900, and .923 

respectively. These values exceed the acceptable reliability threshold established by 

Gliem and Gliem (2003).   

Student Instrument for Perceptions of Self-Efficacy, Interest, and Enjoyment of Science 

 Like the TISEIES, the SIPSIES is comprised of three subscales; the Student 

Perceptions of Teacher Self-Efficacy Instrument (SPTSEI), the Student Perceptions of 

Teacher Interest Instrument (SPTII), and the Student Perceptions of Teacher Enjoyment 

Instrument (SPTEI). I calculated Cronbach’s alpha for each of the three sub instruments. 

The SPTSEI yielded an alpha of .597, however the output suggested a higher alpha could 

be achieved if I removed Item 6 from the survey. Item 6 read, “The principal does not 

come watch my teacher teach science”. I think this item was problematic because of the 

number of adults that the students may think of as “principal” at The South School. As I 

administered the survey, many students needed clarification on whether the item was 

referring to the school principal (CEO), the building principal (Vice Principal), or the 

curriculum coordinator who often sits in on multiple classes throughout the day. Once I 

removed this item, the SPTSEI generated an alpha value of .635. An alpha value of .635 

is still considered “questionable” according to Gliem and Gliem (2003), however, in 

terms of my dissertation study, an alpha value above .6 is considered acceptable. One of 

the reasons I have accepted this alpha value is because of the young age of my student 
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participants. Students are only 8 or 9 years old, at best. In addition to this, the 

interrelatedness of the items was good (Tavakol & Dennick, 2011), suggesting that items 

are appropriate for the instrument. Another reason for the low alpha value could still be 

the number of items on each scale. Given that my dissertation sample is young, perhaps I 

needed to add more items than I originally planned on adding to counteract participant 

age. For these reasons, I consider the alpha .635 acceptable. 

The SPTII yielded an alpha of .585, however the output suggested that, yet 

another item was problematic and that a higher alpha could be achieved if I removed Item 

14 from the survey. Item 14 read, “My teacher does not always use the book for our 

science lessons.” This item may have been problematic due to the school’s use of 

technology instead of traditional textbooks. Many times, during instruction, teachers 

implement the use of technology in the form of digital laboratory simulations or 

YouTube videos; physical book usage is minimal. As a result, this item could have been 

confusing for 3rd graders, so I removed it. After I removed this item, the alpha increased 

to .661, which I consider acceptable for the same reasons previously discussed. 

The SPTEI yielded an alpha of .762 which falls within the acceptable range 

(Gliem & Gliem, 2003). The output suggested that there would be no major improvement 

of reliability should I remove any of the items, so I included all items on this measure in 

my analyses. 

Student Instrument for Self-Efficacy, Interest, and Enjoyment (SISEIE) 

The SISEIE is comprised of three subscales that measured student self-efficacy 

(SISSE), interest (SISI), and enjoyment (SISE) of science. The SISSE, SISI, and SISE 

generated Cronbach’s alpha values of 0.696, .767, and .763 respectively. The values 
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generated by the SISI and SISE exceed the acceptable reliability threshold established by 

Gliem and Gliem (2003), however, the alpha yielded by the SISSE did not.   

The SISSE yielded an alpha of .696. The output suggested that an item was 

problematic and that a higher alpha could be achieved if I removed Item 6 from the 

survey. Item 6 read, “I like to ask science questions.” This item may not have been clear 

to 3rd graders. In developing this question, I was trying to ascertain whether students 

asked investigative questions. In other words, I wanted to know if students were given the 

opportunity to ask questions and plan, or carry out, investigations of their own to come to 

a conclusion for their question. However, my intention did not translate to my 3rd grade 

sample. I suspect that the question might have been interpreted as seeking clarification in 

scientific activities. In either case, the 3rd grade students of The South School do not get 

to ask many investigative questions as their teachers have verified the lack of time 

allocated for hands-on, or experimental activities. I removed this item which raised the 

alpha to .723, which is within the acceptable range (Gliem & Gliem, 2003). 

Calculation of Scores 

 After I calculated reliability for each of the nine instruments, I calculated scores to 

create nine variables. To do this, I added the values of each retained item and divided the 

sum by the total number of retained items. For example, I calculated each of the teacher 

scores without having to remove any items. As such, to calculate the score for teacher 

beliefs in SE (TBSE), I added the 12 items measuring SE and divided the sum by the total 

number of items, 12. I repeated this procedure to calculate teacher beliefs in interest 

(TBINT), and teacher beliefs in enjoyment (TBENJ).  

 I calculated the three student perceptions scores the same way I calculated teacher 

belief scores, but I removed item 6 from student perceptions of SE. Because of this, when 
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I calculated the variable student perceptions of SE (SPSE), I added 7 of the 8 items and 

divided by a total of 7. To calculate student perceptions of interest (SPINT), I removed 

item 14, added the remaining 8 items, and divided by the total number of items, 8. I was 

able to calculate student perceptions of enjoyment (SPENJ) without removing any items.   

I calculated three student beliefs scores following this same procedure. I had to 

remove item 6 from the student beliefs about SE measure (SBSE), so again, I added the 7 

remaining items of the original 8, and divided by the total number of items, 7. I did not 

have to remove any items to calculate student beliefs of interest (SBINT) or student 

beliefs in enjoyment (SBENJ), so their scores were calculated by adding up the total 

number of items and dividing by the total number of items. At the end of calculating each 

of the nine aggregate scores, I had created nine variables for my analyses. 

Data Outliers 

After calculating my aggregate scores, I checked for missing data and data 

outliers. I noticed that I was unable to calculate aggregate scores for several cases due to 

missing data and patterned responses. I removed 25 cases due to missing data. One of 

these 25 cases was removed because the student responded with 5s to all items of one of 

the surveys: a patterned response and a sign of student disengagement. After removing all 

cases of missing data, I checked for additional outliers. 

To check my data for outliers, I ran a Mahalanobis distance analysis. Mahalanobis 

distance is “the distance of a case from the centroid of the remaining cases…” 

(Tabachnick & Fidell, 2007, p. 74). In other words, Mahalanobis distance makes sure that 

individual cases are not measured too far from the mean of the group. Mahalanobis 

distance was the only outlier analysis I conducted because of the multivariant nature of 

my sample. I removed all cases for which the Mahalanobis distance value was greater 
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than 18.0. Following this criterion, there was only one outlier. I removed this case from 

the data set. 

I removed a total of 26 cases from the data set, which brought my sample size 

down to N = 73 students. After checking for missing data and additional outliers, I 

recalculated aggregate scores for the student beliefs variables and the student perceptions 

variables using the procedure I explained in the previous subsection. 

Descriptive Statistics and Bivariate Correlations 

 In this section, I will discuss teacher and student scores. I first present teacher 

scores and bivariate correlations amongst the variables. After discussing the teacher 

scores, I will discuss both the student perceptions scores and the student beliefs scores. In 

that section, I will also present the student scores and bivariate correlations amongst the 

variables. 

Teacher Scores 

 In this section, I discuss the teacher scores for SE, interest, and enjoyment of 

science and science teaching and bivariate correlations amongst the variables. In addition 

to presenting the correlations amongst the variables, Table 6 shows the means and 

standard deviations of teacher scores. Means for each of the teacher scores were above 

3.71 with standard deviations above .630. This indicates that teachers responded slightly 

more positively on survey items than negatively. In other words, teachers reported 

themselves as being slightly more self-efficacious, having more interest in, and having 

more enjoyment for science and science teaching.  
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Table 6 
 
Descriptive Statistics and Bivariate Correlations for Teacher SE, Interest, and Enjoyment 
of Science and Science Teaching 

Variable 1 2 3 

1. Teacher SE −   

2. Teacher INT   .557 −  

3. Teacher ENJ  .025 .749 − 

M 3.96 4.07 4.17 

SD  .569 .538   .569 

Note. SE = self-efficacy; Int = Interest; Enj. = Enjoyment.    

I did not find any of the associations amongst the three variables to be significant. 

This could be due to the small sample size of teachers considered in my dissertation study 

(N = 7). That being said, the associations amongst several of the variables are quite strong 

(Cohen, 1992).  The association between Teacher SE and Teacher Interest in science and 

science teaching is .557, suggesting a medium to strong relationship amongst the 

variables (Cohen, 1992). The association between teacher interest and teacher enjoyment 

of science and science teaching is .749. This is also indicative of a strong relationship 

between the two variables, as outlined by Cohen (1992). There is a weak correlation 

between teacher SE and teacher enjoyment with an association of .025, suggesting that 

there is little relatedness between these variables. 

Student Scores 

 In this section, I discuss the student variable scores for perceptions of their 

teachers’ SE, interest, and enjoyment of science and science teaching, the student beliefs 

scores for their own SE, interest, and enjoyment of science, as well as the bivariate 

correlations amongst all six variables. In addition to showing the correlations amongst the 
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variables, Table 7 shows the means and standard deviations of student scores. Means for 

each of the student scores were above 3.71 with standard deviations above .630. This 

indicates that students responded more positively on survey items than negatively on both 

the student perceptions instrument and the student beliefs instrument. In other words, 

students reported their teachers, as well as themselves, as being more self-efficacious, 

having more interest in, and having more enjoyment for science and science teaching.  

 Several of the interactions between variables are significant (p ≤ .05) with strong 

associations (r > .5). These interactions exist between student beliefs of enjoyment and 

student beliefs of SE (r = .582), student beliefs of enjoyment and student beliefs of 

interest (r = .601), student perceptions of enjoyment and student perceptions of SE (r = 

.649), and student perceptions of enjoyment and student perceptions of interest (r = .560). 

The r values generated indicate strong relationships amongst the variables, but are below 

the multicollinearity threshold (i.e., indicating the variables scores are probably not 

measuring the same construct; Tabachnick & Fidell, 2007).  

 Significant relationships (p ≤ .05) exist amongst other variables as well, but with 

moderate associations (.3 ≤ r < .5). These interactions include student beliefs of interest 

and student beliefs of SE (r = .423), student perceptions of interest and student beliefs of 

interest (r = .379), student perceptions of interest and student beliefs of enjoyment (r = 

.360), student perceptions of interest and student beliefs of SE (r = .438), and student 

perceptions of enjoyment and student beliefs of enjoyment (r = .375).  
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Table  7 
 

Descriptive Statistics and Bivariate Correlations for Student Beliefs in and Student 
Perceptions of Self-Efficacy, Interest, and Enjoyment of Science and Science Teaching 
Variable 1 2 3 4 5 6 

1. SBSE −      

2. 
SBINT  

.423** −     

3. 
SBENJ 

.582** .601** −    

4. SPSE   .104 - .004 .229 −   

5. 
SPINT 

  .130 .379** .360** .438** −  

6. 
SPENJ 

   .256* .218  .375** .649** .560** − 

M 3.84 3.71  3.86 3.90 3.20 3.87 

SD   .739 .771 .631 .695 .733 .738 

Note. SBSE = student beliefs in self-efficacy; SBINT = student beliefs in interest; SBENJ = 
student beliefs of enjoyment; SPSE = student perceptions of self-efficacy; SPINT = student 
perceptions of interest; SPENJ = student perceptions of enjoyment.   
*p ≤ .05. **p ≤ .01. 

 
 The remaining interactions were either significant but had weak associations, or 

not significant. The interaction between student perceptions of enjoyment and student 

beliefs of SE was significant but with a weak association (r = .256). The interaction 

between student perceptions of SE and student beliefs of SE was insignificant with a 

weak association (r = .104, p = .382), as were the interactions between student 

perceptions of SE and student beliefs of interest (r = -.004, p = .975), student perceptions 

of SE and student beliefs of enjoyment (r = .229, p = .052), student perceptions of 

interest and student beliefs of SE (r = .130, p = .273), and student perceptions of 

enjoyment and student beliefs of interest (r = .218, p = .064). This weak and not 

significant correlation indicates that no relationship exists amongst these variables. 
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Analysis of Research Question 1a 

In this section, I will discuss the analysis and findings of my first research 

question. RQ1a compares teachers’ self-ratings of their SE, INT, and ENJ with their 

students’ perceptions of teacher SE, INT, and ENJ by asking, “How do elementary 

students’ perceptions of their teacher’s self-efficacy, interest, and enjoyment for science 

and science teaching compare to their teacher’s own report of self-efficacy, interest, and 

enjoyment for science and science teaching?” 

 To address this research question, I first conducted a MANOVA analysis to 

screen for potential differences in students’ scores between teachers. I then discuss the 

comparison between teacher scores and student perceptions scores. In the last subsection 

of this section, I discuss the qualitative analysis pertaining to RQ1a. 

MANOVA Analysis of Student Perceptions of SE, Interest, and Enjoyment 

I performed a multivariate analysis of variance (MANOVA) to screen for 

differences amongst groups of students, with teacher as the between-subjects grouping 

variable, and student perceptions in SE, interest, and enjoyment as the dependent 

variables. Table 8 shows a summary of means and standard deviations for each group. To 

gauge applicability of the normality assumption inherent to MANOVA, I examined 

outliers (as discussed earlier in this chapter), as well as skewness and kurtosis values.  
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Table 8 

Means and Standard Deviations of Groups by Teacher 
Variable Teacher 

 
n 

 
M 

 
SD 

 
SPSE Teacher 1: Ms. Greene 19 3.68 .848 
 Teacher 2: Ms. Skye 8 4.52 .464 
 Teacher 3: Ms. Orange 19 3.84 .604 
 Teacher 4: Ms. Rouge 5 3.89 .310 
 Teacher 5: Ms. Dott 8 4.07 .471 
 Teacher 6: Ms. Violet 7 4.02 .740 
 Teacher 7: Ms. Rose 7 3.65 .786 
 Total 73 3.95 .603 
SPINT Teacher 1: Ms. Greene 19 3.01 .730 
 Teacher 2: Ms. Skye 8 3.14 .689 
 Teacher 3: Ms. Orange 19 3.09 .718 
 Teacher 4: Ms. Rouge 5 3.43 .900 
 Teacher 5: Ms. Dott 8 3.17 .824 
 Teacher 6: Ms. Violet 7 3.75 .629 
 Teacher 7: Ms. Rose 7 3.36 .659 
 Total 73 3.28 .736 
SPENJ Teacher 1: Ms. Greene 19 3.69 .964 
 Teacher 2: Ms. Skye 8 4.05 .671 
 Teacher 3: Ms. Orange 19 3.83 .730 
 Teacher 4: Ms. Rouge 5 3.65 .056 
 Teacher 5: Ms. Dott 8 3.78 .703 
 Teacher 6: Ms. Violet 7 4.30 .520 
 Teacher 7: Ms. Rose 7 4.09 .539 
 Total 73 3.91 .598 
SBSE Teacher 1: Ms. Greene 19 3.79 .876 
 Teacher 2: Ms. Skye 8 3.77 .586 
 Teacher 3: Ms. Orange 19 3.66 .610 
 Teacher 4: Ms. Rouge 5 3.86 .310 
 Teacher 5: Ms. Dott 8 3.66 .833 
 Teacher 6: Ms. Violet 7 4.08 1.04 
 Teacher 7: Ms. Rose 7 4.49 .245 
 Total 73 3.90 .643 
SBINT Teacher 1: Ms. Greene 19 3.49 .723 
 Teacher 2: Ms. Skye 8 3.72 1.04 
 Teacher 3: Ms. Orange 19 3.72 .546 
 Teacher 4: Ms. Rouge 5 3.75 .707 
 Teacher 5: Ms. Dott 8 3.39 1.04 
 Teacher 6: Ms. Violet 7 3.96 .874 
 Teacher 7: Ms. Rose 7 4.34 .455 
 Total 73 3.77 .769 
SBENJ Teacher 1: Ms. Greene 19 3.92 .833 
 Teacher 2: Ms. Skye 8 4.16 .869 
 Teacher 3: Ms. Orange 19 4.26 .567 
 Teacher 4: Ms. Rouge 5 4.37 .458 
 Teacher 5: Ms. Dott 8 4.02 .976 
 Teacher 6: Ms. Violet 7 4.45 .730 
 Teacher 7: Ms. Rose 7 4.37 .419 
 Total 73 4.22 .693 

Skewness and kurtosis values across my sample fell within the acceptable range 

of -1.0 and 1.0 for skewness, and -3.0 and 3.0 for kurtosis. Given the skewness and 
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kurtosis measures, the normality assumption was maintained. I also examined the basic 

MANOVA assumptions of linearity and homogeneity. Scatterplots for pair combinations 

of the dependent variables did not reveal any concern regarding linearity. My analysis 

also met the assumption of homogeneity of variance-covariance based on the relatively 

conservative Box’s M test (Tabachnick & Fidell, 2007), with F(36, 2464) = 1.97, p = 

.001. 

The MANOVA results showed that combined vector of student perception scores 

were not significantly different by teacher, Wilks’ λ = .864, F(18, 182) = 1.45, p = .113. 

This result suggests that student perceptions of their teachers’ self-efficacy, interest in 

science, and enjoyment of science did not vary based on teacher. 

Descriptive Graphs Pertaining to RQ1a 

I created box and whisker plots for each of the teacher-student combinations to 

compare teacher ratings with student perceptions ratings. Figures 3 through 9 show these 

plots. In order to compare teachers’ scores with those of their students, I separated the 

data by class, and calculated separate means for each construct for each class. 

Ms. Greene, Teacher One 

 Ms. Greene has been teaching for 38 years and rates her overall science teaching 

at a 4 out of 5. Figure 3 shows the mean scores of her self-ratings of SE (M = 3.75), INT 

(M = 4.05), and ENJ (M = 4.37) for science and science teaching. Ms. Greene’s students’ 

perceptions range from 1.50 to 4 in SE (M = 3.65), INT (M = 2.86), and ENJ (M = 3.45) 

for science and science teaching. Teacher self-ratings and student perceptions closely 

match each other in terms of SE and ENJ, but not for interest. In other words, Ms. 

Greene’s students do not think that she is interested in science and science teaching, even 

though Ms. Greene herself considers herself interested in science and science teaching. 
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Figure 3. Comparison of means between Ms. Greene, Teacher One’s scores (purple dots) 
and student perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), SPINT 
= Student Perceptions of Interest (orange), and SPENJ = Student Perceptions of Enjoyment 
(gray). 

Ms. Skye, Teacher Two 

 Ms. Skye has only been teaching for 1 year and as a result, rates her overall 

science teaching between a 3 and a 4 out of 5. Figure 4 shows the mean scores of her self-

ratings of SE (M = 4.67), INT (M = 4.80), and ENJ (M = 4.37) for science and science 

teaching though this is contradictory to her overall self-rating. Ms. Skye’s students’ 

perceptions range from 3 to 4 in SE (M = 3.97), INT (M = 3.20), and ENJ (M = 4.02) for 

science and science teaching. Student perception scores are more aligned with this 

teacher’s overall rating rather than her instrument scores. Teacher self-ratings and student 

perceptions closely match each other in terms of ENJ, but not for SE or interest. In other 

words, Ms. Skye’s students think that she is less self-efficacious and does not think that 

she is as interested in science and science teaching as she reported. 
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Figure 4. Comparison of means between Ms. Skye, Teacher Two’s scores (purple dots) 
and student perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), 
SPINT = Student Perceptions of Interest (orange), and SPENJ = Student Perceptions of 
Enjoyment (gray). 

Ms. Orange, Teacher Three 

 Ms. Orange has been teaching for 31 years and rates her overall science teaching 

at a 4 out of 5. Figure 5 shows the mean scores of her self-ratings of SE (M = 3.08), INT 

(M = 4.00), and ENJ (M = 4.42) for science and science teaching. Ms. Orange’s students’ 

perceptions range from 3 to 4 in SE (M = 4.04), INT (M = 3.16), and ENJ (M = 3.92) for 

science and science teaching. Teacher self-ratings and student perceptions closely match 

each other in terms of INT, but not for SE or ENJ. Interestingly, in contrast with her 

colleagues, Ms. Orange’s students found her to be more self-efficacious than she reported 

herself to be. At the same time, they found her to be less interested in science and science 

teaching than she considered herself to be, but her students thought that she enjoys 

science and science teaching as much as Ms. Greene said she does. 
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Figure 5. Comparison of means between Ms. Orange, Teacher Three’s scores (purple dots) 
and student perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), SPINT 
= Student Perceptions of Interest (orange), and SPENJ = Student Perceptions of Enjoyment 
(gray). 

Ms. Rouge, Teacher Four 

 Ms. Rouge has been teaching for 7 years and rates her overall science teaching at 

a 4 out of 5. Figure 6 shows the mean scores of her self-ratings of SE (M = 3.92), INT (M 

= 3.20), and ENJ (M = 2.89) for science and science teaching. Ms. Rouge’s students’ 

perceptions range from 2 to 4 in SE (M = 3.26), INT (M = 2.88), and ENJ (M = 3.53) for 

science and science teaching. Teacher self-ratings and student perceptions do not closely 

match each other in terms of any of the constructs being studied. In other words, Ms. 

Rouge’s students think that she is less self-efficacious than she reported she is, is less 

interested in science and science teaching than she reported she is, and her students 

thought that she enjoys science and science teaching more than Ms. Rouge reported that 

she did. This being said, only 5 students from Ms. Rouge’s class provided parental 

consent and assent to participate in this study. Had more of her students been able to 

participate, I suspect that their evaluations of their teacher would be more in alignment 
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with the other teachers. This is a reasonable assumption considering the results of the 

MANOVA. 

 

Figure 6. Comparison of means between Ms. Rouge, Teacher Four’s scores (purple dots) 
and student perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), 
SPINT = Student Perceptions of Interest (orange), and SPENJ = Student Perceptions of 
Enjoyment (gray). 

Ms. Dott, Teacher Five 

 Ms. Dott has been teaching for 14 years and rates her overall science teaching at a 

4 out of 5. Figure 7 shows the mean scores of her self-ratings of SE (M = 3.50), INT (M = 

3.75), and ENJ (M = 4.37) for science and science teaching. Ms. Dott’s students’ 

perceptions range from 3 to 4 in SE (M = 4.04), INT (M = 3.38), and ENJ (M = 3.96) for 

science and science teaching. Teacher self-ratings and student perceptions closely match 

each other in terms of SE and ENJ, but not for INT. In other words, Ms. Dott’s students 

think that she is as self-efficacious in and enjoys science and science teaching as much as 

she said she does, however, her students do not think she is as interested in science and 

science teaching as Ms. Dott reported. 
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Figure 7. Comparison of means between Ms. Dott, Teacher Five’s scores (purple dots) 
and student perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), 
SPINT = Student Perceptions of Interest (orange), and SPENJ = Student Perceptions of 
Enjoyment (gray). 

Ms. Violet, Teacher Six 

 Ms. Violet has been teaching for 9 years and rates her overall science teaching at 

a 4 out of 5. Figure 8 shows the mean scores of her self-ratings of SE (M = 4.42), INT (M 

= 4.65), and ENJ (M = 4.53) for science and science teaching which is slightly higher 

than her overall self-rating of a 4 out of 5. Ms. Violet’s students’ perceptions range from 

3 to 4 in SE (M = 3.71), INT (M = 3.45), and ENJ (M = 4.05) for science and science 

teaching. Teacher self-ratings and student perceptions closely match each other in terms 

of SE, but not for interest or enjoyment. In other words, Ms. Violet’s students do not 

think that she is as interested in or enjoys science or science teaching as much as she 

reported seeing as Ms. Violet herself rated her own interest and enjoyment at a 5. 
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Figure 8. Comparison of means between Ms. Violet, Teacher Six’s scores (purple dots) 
and student perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), 
SPINT = Student Perceptions of Interest (orange), and SPENJ = Student Perceptions of 
Enjoyment (gray). 

Ms. Rose, Teacher Seven 

 Ms. Rose has been teaching for 2 years and rates her overall science teaching at a 

4 out of 5. Figure 9 shows the mean scores of her self-ratings of SE (M = 4.42), INT (M = 

4.05), and ENJ (M = 4.26) for science and science teaching. Ms. Rose’s students’ 

perceptions closely match Ms. Rose’s ratings: SE (M = 4.61), INT (M = 3.98), and ENJ 

(M = 4.70) for science and science teaching. Teacher self-ratings and student perceptions 

closely match each other in terms of INT, but not for SE or ENJ. In other words, Ms. 

Rose’s students perceived her as being more self-efficacious in and enjoying science and 

science teaching more than Ms. Rose reported for herself.  
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Figure 9. Comparison of means between Ms. Rose, Teacher Seven’s scores (purple dots) 
and student perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), SPINT 
= Student Perceptions of Interest (orange), and SPENJ = Student Perceptions of Enjoyment 
(gray). 

Summary of Teacher and Student Perceptions Comparisons 

 Generally speaking, students often perceived their teachers as being less self-

efficacious in, being less interested in, or enjoying science and science teaching less than 

their teachers reported for themselves. That is, teachers’ higher scores of their own SE, 

INT, and ENJ of science and science teaching were often contrasted by their students’ 

perceptions of the same constructs. Figure 10 shows a graph summarizing Figures 2 

through 9.   

Student perceptions of SE were less consistent across the seven teachers than 

were INT and ENJ. Students often evaluated their teachers’ SE similarly or better than 

teachers rated themselves. This could be because the construct of teacher SE may be too 

abstract for a 3rd grade student to ascertain.   

In respect to INT, students more often rated their teachers lower than the teachers 

rated themselves, suggesting that third grade students do not think their teachers are as 
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interested in science or science teaching as they say they are. Interestingly, students rated 

their perceptions of teacher ENJ quite consistently with their teachers’ self-ratings of 

ENJ. Only two teachers rated their ENJ of science and science teaching higher than their 

students’ perceptions indicated. A possible reason to this is further described in a later 

subsection. 

 
Figure 10. Summary of means between Teacher scores (purple dots) and student 
perceptions scores. SPSE = Student Perceptions of Self-Efficacy (red), SPINT = Student 
Perceptions of Interest (orange), and SPENJ = Student Perceptions of Enjoyment (gray). 

 

Qualitative Analysis of RQ1a 

I analyzed the teachers’ responses to each of the six open-ended survey questions 

and coded them according to the process described previously in Chapter 3. The coding 

process mirrors Bandura’s four contributing factors of SE (mastery, vicarious, social 

persuasion, and physiological/emotional responses) and were adjusted to also include 

contributing factors to interest (INT) and enjoyment (ENJ), as described in Chapter 3.  

This section will discuss how the second, fourth, and sixth open ended questions 

(OE2, OE4, and OE6 respectively) on the teacher survey support the findings of my first 



 115 

research question. Please refer to Appendix B for a table showing teachers’ responses to 

each of the open-ended questions. 

OE2 asked teachers to reflect on how often they teach science and why, OE4 

asked teachers to rate their own teaching and provide an explanation to support this 

rating, and OE6 asked teachers describe their feelings towards science and science 

teaching. I chose these questions to support the findings of RQ1a because the teachers’ 

responses can be tapped into to explain, or in some cases defend, students’ perceptions of 

teacher SE, INT, and ENJ for science and science teaching.  

Open-Ended Question 2 

OE2 asked teachers to report how often they teach science and why they taught 

science so much or so little. All seven teachers stated that the time allotment for science 

instruction was put forth by the school, meaning that they did not get to allocate time for 

science instruction themselves. I see this stipulation as a possible hindrance when trying 

to ascertain student perceptions of teacher SE, INT, and ENJ of science and science 

teaching because the teacher does not get to teach science more frequently if she has 

more positive beliefs towards science and science teaching, nor can she evade science 

instruction if she has more negative beliefs towards science and science teaching. In 

addition to this, 3rd grade students may not realize or understand that their teachers do 

not have control over how often science instruction is provided. As a result, there could 

be an inconsistency in how students may perceive their teachers’ beliefs towards science 

and science teaching if students think that their teachers are not teaching science because 

they do not like science rather than because school administration puts strict time 

restrictions on when and how long various content is being taught. 
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 Four of the seven teachers responded to OE2 by stating that they only teach 

science twice per week throughout the school year. As such, this could imply to the 

student that the teacher does not like planning for science instruction or does not like 

facilitating science learning very much. What the student may or may not know is that 

teachers also reported that the school administration set the twice per week science 

instruction allotment. Teachers’ responses to this question gave insight to why students’ 

ratings of their perceptions of teacher SE, INT, and ENJ may mismatch ratings of their 

teachers’ considering students are not often in the know in terms of school-wide 

restrictions. 

Two teachers, Ms. Skye and Ms. Violet, indicated that they teach science two to 

three times per week. This is more frequently than reported by the first four teachers. 

These teachers also expressed that they alternate with social studies instruction, 

suggesting that the weeks alternate between two days of science instruction and three 

days of social studies instruction, followed by the reverse schedule (i.e., two days of 

social studies instruction and three days of science instruction), depending on how 

instruction days fall from week to week. For example, during week one, a teacher may 

teach science Monday, Wednesday, and Friday while teaching social studies on Tuesday 

and Thursday. In following this pattern, in week two, a teacher may then teach social 

studies on Monday, Wednesday, and Friday with science instruction scheduled for 

Tuesday and Thursday, and so forth. Student perceptions of these two teachers did not 

contradict the ratings of those who stated they taught science twice weekly. This 

suggested that students followed the pattern of instruction and realized that science was 

being taught less often than other subjects. 
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One teacher, Ms. Rouge, indicated that she teaches science four times per week. I 

found this comment confusing at first because this is in stark contrast to how often her 

colleagues reported teaching science and also because there was no further elaboration. 

More specifically, Ms. Rouge stated that, “I teach science about four times a week when 

we are teaching science. If we don't get to science instruction it is because we needed to 

spend time on math or ELA” (Ms. Rouge, Teacher Four, OE2, 2018). This comment 

indicated that perhaps Ms. Rouge “front loads” her science instruction, perhaps teaching 

through her curriculum all at once before switching to social studies instruction. If this is 

the case, Ms. Rouge is not actually teaching science more frequently than her colleagues 

throughout the year. Ms. Rouge’s students’ perceptions also were not significantly 

different from those of her colleagues, which indicates that the amount of time teachers 

spend teaching science may not be an important factor in students’ perceptions of teacher 

SE, INT, and ENJ of science and science teaching. 

Open-Ended Question 4 

OE4 asked teachers to rate their own teaching and provide an explanation to 

support this rating. This question provided a baseline comparison of teacher means from 

their surveys, and how they said they rated themselves in the open-ended questions. The 

teachers’ overall ratings of their science teaching were mostly consistent with the means 

for SE, INT, and ENJ that were generated by Likert-scale items of the teacher survey, 

although there was some slight variation, as discussed in the previous section.  

As previously discussed, Figures 3 through 9 show how teachers’ reports 

compared to student perceptions of SE, INT, and ENJ for science and science teaching. 

Students’ perceptions were often lower than their teachers’ reports. In other words, 

teachers rated themselves as being more self-efficacious, more interested in, and enjoying 
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science more than their students perceived them to be. This open-ended response 

provided some reasoning behind the teachers’ reports by asking why they rated 

themselves the way they did. 

Ms. Greene rated her teaching at a 4 out of 5, but did not elaborate on reasons 

behind this rating, so it was not possible for me to extract further support for her self-

ratings without speculation. Ms. Orange, Ms. Rouge, and Ms. Violet also rated 

themselves a 4 out of 5 but indicated that this was because they are limited in time and 

space to allow for more frequent and challenging science instruction. This relates back to 

responses for OE2 and how students may not know that their teacher is limited in their 

abilities as a result of restrictions put forth by the school.  

Ms. Rose also rated her overall science teaching a 4 for the same reasons Ms. 

Orange, Ms. Rouge, and Ms. Dott rated themselves at a 4. However, Ms. Rose explicitly 

noted that she has “a strong interest in teaching science concepts to [her] students. [She] 

generally [gets] excited to teach science to [her] students and look for new resources” 

(Ms. Rose, Teacher Seven, OE4, 2018). While this is reflected in her own report of 

interest, shown in Figure 6, this interest is not perceived by her students. It may be 

possible that the limitations of time and space for science instruction overshadow her 

interest, causing it to not be properly perceived by her students. 

Ms. Skye rated her overall teaching between a 3 and a 4 while Ms. Violet rated 

her overall teaching at a 4. This is not inconsistent to how their colleagues rated 

themselves however, when asked to elaborate, Ms. Skye and Ms. Violet spoke to their 

overall teaching, and not specifically to their science instruction. As a result, it is possible 

that their students perceived these teachers’ beliefs towards teaching in general instead of 

their beliefs towards teaching science specifically.  
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Open-Ended Question 6 

 OE6 better supports RQ1b, however, three teachers’ responses may provide some 

insight as to why students may have perceived their ENJ for science and science teaching 

higher than their colleagues. Ms. Greene expressed that she “enjoys her students’ 

enthusiasm” (Ms. Greene, Teacher One, OE6, 2018). Student perceptions of Ms. Greene 

reflects that students think their teacher enjoys science as much as she says she does. 

However, given Ms. Greene’s comment, it is possible that students are perceiving her 

enjoyment of teaching and her enjoyment of their enthusiasm, thus misperceiving her 

enjoyment for science and science teaching.  

Ms. Rouge stated that “I enjoy teaching science, but I am not completely 

comfortable with all topics enough to go above and beyond in the subject area” (Ms. 

Rouge, Teacher Four, OE6, 2018). This comment indicates a lower SE in science yet is 

slightly contradictory to her score of SE (M = 3.92) which suggests that she is self-

efficacious in science and science teaching. Given this comment, it is also not surprising 

that students viewed Ms. Rouge has having less SE, INT, and ENJ for science and 

science teaching. 

Ms. Violet responded, “I enjoy teaching science because it gives me a chance to 

expose the children to real-life experiences. They get excited to learn science” (Ms. 

Violet, Teacher Six, OE6, 2018). Although similar to Ms. Greene’s comment, but more 

specific to science, Ms. Violet’s comment did not provide further insight to her students’ 

perceptions of her enjoyment for science and science teaching, considering that they rated 

her enjoyment lower than she rated her own enjoyment for science and science teaching.  
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Analysis of Research Question 1b 

In this section, I will discuss my analysis and the findings to the second part of 

my first research question. RQ1b compares teachers’ self-report of their SE, INT, and 

ENJ with their students’ self-report of SE, INT, and ENJ by asking, “How do elementary 

students’ report of their own SE, interest, and enjoyment for science compare to their 

teacher’s own report of SE, interest, and enjoyment for science?” I asked this question 

because I wanted to determine student beliefs in SE, INT, and ENJ of science to lead into 

finding a predictive relationship between student perceptions and their own beliefs 

(addressed in RQ2).  

 To address this research question, I first discuss how I tested assumptions inherent 

in MANOVA analyses, as well as the results of the MANOVA. I then discuss the 

comparison between teacher scores and student belief scores. In the last subsections of 

this section, I discuss the qualitative analysis pertaining to RQ1b. 

MANOVA Analysis of Student Beliefs of SE, Interest, and Enjoyment 

I performed a multivariate analysis of variance (MANOVA) as a screening 

analysis to determine whether there were any differences amongst student scores with 

teacher as the between-subjects grouping variable, and student beliefs in SE, interest, and 

enjoyment as the dependent variables. To gauge applicability of the normality assumption 

inherent to MANOVA, I examined outliers (as discussed earlier), as well as skewness 

and kurtosis values.  

Skewness and kurtosis values across my sample fell within the acceptable range 

of -1.0 and 1.0 for skewness, and -3.0 and 3.0 for kurtosis, indicating the normality 

assumption was maintained. I also examined the basic MANOVA assumptions of 

linearity and homogeneity. Scatterplots for pair combinations of the dependent variables 
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did not reveal any concern regarding linearity. My analysis also met the assumption of 

homogeneity based on the relatively conservative Box’s M test (Tabachnick & Fidell, 

2007), with F(36, 2464) = 1.42, p = .049. 

The results of the MANOVA showed that the combined vector of student beliefs 

scores did not differ by teacher (see Table 8), Wilks’ λ = .751, F(18, 182) = 1.07, p = 

.382. This result suggests that there is no difference in student SE beliefs, interest, and 

enjoyment of science scores by teacher. 

Ms. Greene, Teacher One 

 Figure 11 shows the mean scores of Ms. Greene’s self-ratings of SE (M = 3.75), 

INT (M = 4.05), and ENJ (M = 4.37) for science and science teaching as well as her 

students’ beliefs of their own SE, INT, and ENJ for science. Ms. Greene’s students’ 

beliefs scores fall slightly lower than those of their teacher for SE (M = 3.26), INT (M = 

3.11), and ENJ (M = 3.04) for science. Ms. Greene’s students are less self-efficacious, are 

less interested, and enjoy science less than their teacher does. 

 

Figure 11. Comparison of means between Ms. Greene, Teacher One’s scores (purple dots) 
and students’ scores. SBSE = Student Beliefs of Self-Efficacy (green), SBINT = Student 
Beliefs of Interest (blue), and SBENJ = Student Beliefs of Enjoyment (yellow). 
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Ms. Skye, Teacher Two 

 Figure 12 shows the mean scores of Ms. Skye’s self-ratings of SE (M = 4.67), 

INT (M = 4.80), and ENJ (M = 4.37) for science and science teaching as well as her 

students’ beliefs of their own SE, INT, and ENJ for science. Ms. Skye’s students’ beliefs 

scores also fall slightly lower than those of their teacher for SE (M = 3.80), INT (M = 

3.75), and ENJ (M = 3.68) for science. In other words, Ms. Skye’s students are less self-

efficacious in, less interested in, and enjoy science less than their teacher’s reported SE, 

interest, and enjoyment of science and science teaching.  

 

Figure 12. Comparison of means between Ms. Skye, Teacher Two’s scores (purple dots) 
and students’ scores. SBSE = Student Beliefs of Self-Efficacy (green), SBINT = Student 
Beliefs of Interest (blue), and SBENJ = Student Beliefs of Enjoyment (yellow). 

Ms. Orange, Teacher Three 

 Figure 13 shows the mean scores of Ms. Orange’s self-ratings of SE (M = 3.08), 

INT (M = 4.00), and ENJ (M = 4.42) for science and science teaching as well as her 

students’ beliefs of their own SE, INT, and ENJ for science. Ms. Orange’s students’ 

beliefs closely match their teacher’s scores for ENJ (M = 3.92) for science, but not SE (M 

= 3.98) or INT (M = 3.67). Ms. Orange’s students consider themselves more self-
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efficacious than their teacher but are relatively as interested in and enjoy science as much 

as their teacher does.  

 

Figure 13. Comparison of means between Ms. Orange, Teacher Three’s scores (purple 
dots) and students’ scores. SBSE = Student Beliefs of Self-Efficacy (green), SBINT = 
Student Beliefs of Interest (blue), and SBENJ = Student Beliefs of Enjoyment (yellow). 

Ms. Rouge, Teacher Four 

 Figure 14 shows the mean scores of Ms. Rouge’s self-ratings of SE (M = 3.92), 

INT (M = 3.20), and ENJ (M = 2.89) for science and science teaching as well as her 

students’ beliefs of their own SE, INT, and ENJ for science. Ms. Rouge’s students’ 

beliefs are rated consistently at a 4 in SE (M = 4.03), INT (M = 3.95), and ENJ (M = 

4.18) for science. Teacher self-ratings and student beliefs match in regard to SE, but not 

when considering INT and ENJ where students’ reports were more positive than their 

teachers. In other words, Ms. Rouge’s students view their science abilities similarly to 

how their teacher views her own abilities in science and science teaching, however 

students report having more interest in and enjoying science more than their teacher. 
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Figure 14. Comparison of means between Ms. Rouge, Teacher Four’s scores (purple dots) 
and students’ scores. SBSE = Student Beliefs of Self-Efficacy (green), SBINT = Student 
Beliefs of Interest (blue), and SBENJ = Student Beliefs of Enjoyment (yellow). 

Ms. Dott, Teacher Five 

 Figure 15 shows the mean scores of Ms. Dott’s self-ratings of SE (M = 3.50), INT 

(M = 3.75), and ENJ (M = 4.37) for science and science teaching as well as her students’ 

beliefs of their own SE, INT, and ENJ for science. Ms. Dott’s students rated themselves 

in SE (M = 4.16), INT (M = 3.39), and ENJ (M = 3.72) for science. Teacher self-ratings 

and student beliefs closely match each other in terms of SE and ENJ, suggesting that 

students and teachers view their abilities in science positively, and have enjoyment for 

science. However, students rated themselves as less interested in science than their 

teacher rated herself. 
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Figure 15. Comparison of means between Ms. Dott, Teacher Five’s scores (purple dots) 
and students’ scores. SBSE = Student Beliefs of Self-Efficacy (green), SBINT = Student 
Beliefs of Interest (blue), and SBENJ = Student Beliefs of Enjoyment (yellow). 

Ms. Violet, Teacher Six 

 Figure 16 shows the mean scores of Ms. Violet’s self-ratings of SE (M = 4.42), 

INT (M = 4.65), and ENJ (M = 4.53) for science and science teaching as well as her 

students’ beliefs of their own SE, INT, and ENJ for science. Ms. Violet’s students’ 

beliefs are rated consistently with their teacher in regard to SE (M = 3.74). However, this 

is not the case with INT (M = 4.29) or ENJ (M = 4.50). Students view themselves as 

having about the same SE for science as their teacher does, however, they are less 

interested in science and enjoy science less than their teacher.  

 



 126 

 

Figure 16. Comparison of means between Ms. Violet, Teacher Six’s scores (purple dots) 
and students’ scores. SBSE = Student Beliefs of Self-Efficacy (green), SBINT = Student 
Beliefs of Interest (blue), and SBENJ = Student Beliefs of Enjoyment (yellow). 

Ms. Rose, Teacher Seven 

 Figure 17 shows the mean scores of Ms. Rose’s self-ratings of SE (M = 4.42), 

INT (M = 4.05), and ENJ (M = 4.26) for science and science teaching as well as her 

students’ beliefs of their own SE, INT, and ENJ for science. Ms. Rose’s students’ beliefs 

are rated consistently between a 4 and 5 in SE (M = 4.65), INT (M = 4.20), and ENJ (M = 

4.71) for science. Teacher self-ratings and student beliefs closely match each other for all 

three constructs with students reporting slightly higher SE, INT, and ENJ for science than 

their teacher. In other words, Ms. Rose’s students view science similarly, but slightly 

more positively, to how their teacher views science and science teaching. 
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Figure 17. Comparison of means between Ms. Rose, Teacher Seven’s scores (purple dots) 
and students’ scores. SBSE = Student Beliefs of Self-Efficacy (green), SBINT = Student 
Beliefs of Interest (blue), and SBENJ = Student Beliefs of Enjoyment (yellow). 

Summary of Teacher and Student Beliefs Comparisons 

 Generally speaking, students often reported their beliefs as being less self-

efficacious in, being less interested in, or enjoying science and science teaching less than 

their teachers reported for themselves. That is, teachers’ higher scores of their own SE, 

INT, and ENJ of science and science teaching were often contrasted by their students’ 

beliefs of the same constructs. Figure 18 shows a graph summarizing Figures 11 through 

17. Along the same lines as what was observed in the analysis of student perceptions, 

student beliefs of SE were less consistent across the seven teachers than were INT and 

ENJ. This could be because the construct of teacher SE may be too abstract for a 3rd 

grade student to ascertain.  

In respect to INT, students more often rated their own interest lower than the 

teachers rated themselves, suggesting that third grade students are not as interested in 

science as their teachers reported being. Along the same lines, students rated their own 

enjoyment of science lower than their teachers’ ratings. A possible reason for students to 
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have less interest and enjoyment for science could be a lack of opportunities for students 

to engage in science as a result of the limited instructional time allotted for science. A 

deeper discussion of this is presented in Chapter 5. 

 

Figure 18. Summary of means between Teacher scores (purple dots) and student scores. 
SPSE = Student Perceptions of Self-Efficacy (red), SPINT = Student Perceptions of 
Interest (orange), and SPENJ = Student Perceptions of Enjoyment (gray). 
 

Qualitative Analysis of RQ1b 

I analyzed the teachers’ responses to each of the six open-ended survey questions 

and coded them according to the process described previously in Chapter 3. The coding 

process mirrors Bandura’s four contributing factors of SE (mastery, vicarious, social 

persuasion, and physiological/emotional responses) and were adjusted to also include 

contributing factors to interest (INT) and enjoyment (ENJ).  

 This section will discuss how the third and sixth open ended questions (OE3 and 

OE6, respectively) on the teacher survey support the findings of the second part of my 

first research question. Again, please refer to Appendix B for a table showing teachers’ 

complete responses to each of the open-ended questions. 
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OE3 asked teachers to express whether or not they implement hands-on activities 

in their science instruction, while OE6 asked teachers to describe their feelings towards 

science and science teaching along with an explanation to support their response. I chose 

these questions to support the findings of RQ1b because the teachers’ responses can be 

tapped into to explain, or in some cases defend, students’ own beliefs in SE, INT, and 

ENJ for science.  

Open-Ended Question 3 

OE3 asked teachers to express whether or not they implement hands-on activities 

in their science instruction. By providing more hands-on activities for their students, 

teachers are providing their students with more opportunities for mastery experiences 

within science learning. As a contributing factor, these opportunities for mastery 

experiences could impact students’ SE, INT, and ENJ development for science. All seven 

teachers stated that they do strive to incorporate hands-on activities in science in their 

classrooms, though elaboration on this question varied amongst the teachers.  

Ms. Green, Ms. Orange, Ms. Dott, and Ms. Rose did not elaborate on their 

responses saying that they strive to incorporate hands-on activities with each unit that 

they teach. The implication in their comments is that they incorporate just one hands-on 

activity for each unit taught throughout the year, when time permits. While these four 

teachers did not elaborate further on their responses to this question, the remaining three 

provided more insight. 

Ms. Rouge stated that, “[She tries] to use hands on activities as much as possible. 

We try incorporating lab activities or group work as much as possible” (Ms. Rouge, 

Teacher Four, OE3, 2018). She did not specify how frequently she and her colleagues try 

to implement hands-on activities, just that she does so “as much as possible.” This 
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arbitrary response made it difficult to draw a more meaningful parallel between this 

comment and RQ1b. However, this comment does indicate that Ms. Rouge may have 

more interest in science and science teaching than her TISI score suggested (M = 3.20). 

Ms. Skye and Ms. Violet both indicated that they try to add more than one hands-

on lesson with each unit. Ms. Skye elaborated by saying, “Yes, I do strive to use hands-

on instruction for science topics. I do this because I truly feel that my students will not 

master science understandings until they experience them first-hand. For each science 

topic taught, I strive to include at least one hands-on project that will support my 

students’ understandings” (Ms. Skye, Teacher Two, OE3, 2018). Her comment indicates 

an understanding of how important providing mastery experiences for her students is, 

even if she does not realize that this is what she is doing. In addition to this, she is 

demonstrating her own SE in science and science teaching by being willing to facilitate 

hands-on activities and projects related to science as these require more organization than 

reading a lesson out of a text or lecturing. In addition to this, her interest in teaching 

science is also demonstrated as she takes the extra steps necessary to plan these activities 

for her students (Renninger & Hidi, 2015). This is consistent with Ms. Skye’s instrument 

scores for SE (M = 4.67) and interest (M = 4.80) where she reported herself as being self-

efficacious and having an interest in science and science teaching. 

In alignment with Ms. Skye, Ms. Violet’s comment was similar. “Yes, I strive to 

use hands-on activities in my science instruction because it is more engaging and 

meaningful for students” (Ms. Violet, Teacher Six, OE3, 2018). Again, this comment 

suggests the teacher’s recognition of the importance for hands-on experiences for 

students’ SE, INT, and ENJ development, but also implies her own SE, INT, and ENJ for 

science teaching for the same reasons as Ms. Skye. Ms. Violet’s self-ratings also support 
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my analysis of this question as she reported her SE (M = 4.42), interest (M = 4.65), and 

enjoyment (M = 4.53) of science and science teaching positively. 

When taking teacher comments into consideration of the data presented in the 

previous section, both Ms. Skye’s and Ms. Violet’s students’ beliefs were generally lower 

than those of their teachers. A possible reason for this could be the number of consenting 

and assenting students in Ms. Skye’s (n = 9) and Ms. Violet’s (n =11) classes; there could 

simply just not be enough scores for each of these classes to generate an outcome more 

consistent with the rest of the sample. 

Open-Ended Question 6 

As stated in my discussion of the qualitative analysis for RQ1a, OE6 better 

supports RQ1b. OE6 asked teachers to describe their feelings towards science and 

science teaching along with an explanation to support their response. I thought Ms. 

Greene’s, Ms. Rouge’s, and Ms. Violet’s responses pertaining to their enjoyment in 

observing their students’ excitement was better supportive of RQ1a as this could be a 

perceivable behavior by their students. As such, I present their responses in support of 

RQ1a and the responses of Ms. Skye, Ms. Orange, Ms. Dott, and Ms. Rose in support of 

RQ1b. 

Ms. Skye states that, “Overall, I view science instruction positively and enjoy 

exposing my students to a variety of science topics. In being such a hands-on subject, I 

love the ways which science lessons naturally engage my students and allow me to 

facilitate their learning” (Ms. Skye, Teacher Two, OE6, 2018). This comment supports 

Ms. Skye’s students’ self-ratings for ENJ in that they are higher than her own. In other 

words, Ms. Skye’s enjoyment of facilitating her students’ learning can be providing 

vicarious opportunities that add to her students’ belief development in science. 
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Ms. Orange and Ms. Dott both expressed that they enjoy teaching science, 

however, they also both expressed how the restrictions on time allotted for science 

instruction and the lack of space available hindered their further enjoyment of teaching 

science. This did not seem to have much of an effect on student beliefs as they had rated 

themselves as having about the same level of enjoyment, or more enjoyment for science 

than their teachers. 

Ms. Rose commented that, “I enjoy teaching science and asking challenging 

questions to help my students think, experiment, and be enthusiastic” (Ms. Rose, Teacher 

Seven, OE6, 2018). Given this comment, it is not surprising that Ms. Rouge’s students’ 

beliefs were also much higher than those of their teacher. In other words, although Ms. 

Rose is less self-efficacious in, less interested in, and enjoys science and science teaching 

less than her students, she still provides her students with meaningful experiences that 

contribute to their belief development. Ms. Rose’s belief system towards science and 

science teaching can be providing more authentic or challenging experiences for her 

students, which contribute to their SE, INT, and ENJ development. 

Analysis of Research Question 2 

A main goal of this study is to determine whether or not student perceptions of 

their teacher’s SE, interest, and enjoyment of science and science teaching can predict the 

students’ report of their own SE, interest, and enjoyment of science, as exemplified by 

my second research question: Are elementary student perceptions of their teacher’s self-

efficacy, interest, and  enjoyment of science and science teaching predictive of 

elementary student self-efficacy, interest, and enjoyment of science?  

To address this question, I first performed a multiple regression to identify 

predictive relationships between student perceptions and student beliefs, and then 
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constructed a structural equation model (SEM) using the WarpPLS software, Version 6.0 

(Kock, 2018). The following subsections describe the results of each analysis. 

Multiple Regression Analysis 

To examine whether student perceptions of their teachers’ SE, interest, and 

enjoyment of science and science teaching could predict student SE, interest, and 

enjoyment of science, I performed three simple regression analyses where student 

perceptions of their teachers’ SE, INT, and ENJ served as the independent variables each 

time. Student beliefs of SE served as the dependent variable in the first regression, 

student beliefs of interest was the dependent variable in the second regression, and 

student beliefs of enjoyment was the dependent variable in the third regression.  

The linear relationship between student perceptions scores and student beliefs of 

SE (SBSE) was not significant, with F(3,72) = 1.80, p = .156. However, the linear 

relationship between student perceptions scores and student beliefs of interest (SBINT) 

was significant, with F(3,72) = 5.61, p = .002. About 44% of the variance in SBINT was 

accounted for by student perceptions scores, R2 = .443.  In and of itself, student 

perceptions of interest scores were a significant predictor of SBINT, with b = .428, t(72) 

= 3.10, p = 003. SPSE, in and of itself, was also a significant predictor of SBINT, with β 

= -.336, t(72) = -2.12, p = .038. SPENJ, in and of itself, was not a significant predictor of 

SBINT, with β = .195, t(72) = 1.20, p = .233. 

The linear relationship between student perceptions scores and student beliefs of 

enjoyment (SBENJ) was significant, with F(3,72) = 4.90, p = .004. About 18% of the 

variance in SBENJ was accounted for by student perceptions scores, R2 = .176. SPSE, in 

and of itself, was not a significant predictor of SBENJ, with β = -.050, t(72) = -3.80, p = 

.705. SPINT, in and of itself, was not a significant predictor of SBENJ, with β = .194, 



 134 

t(72) = 1.86, p = .095. SPENJ, in and of itself, was not a significant predictor of SBENJ, 

with β = .244, t(72) = 1.82, p = .074. 

Structural Equation Modeling (SEM) Analysis 

I also performed a path analysis, using SEM, to triangulate the results of the 

regression analyses. In this section, I will remind you of my hypothesized model that I 

described in detail in Chapter 3. I will then describe the results from my SEM. 

Hypothesized Model 

When coming up with my hypothesized model (Figure 17), I expected that 

students would perceive their teachers’ beliefs in science and science teaching and that 

their perceptions mediate for students’ construction of their own beliefs in science. This 

hypothetical model is based on the literature review in Chapter 2 and is further explained 

in Chapter 3. 

 

 

Figure 19. Hypothesized structural equation model, as first presented in Chapter 3, 
showing assumed relationship between teacher beliefs, student perceptions of teacher 
beliefs, and student beliefs. SE = Self-Efficacy, INT = Interest, and ENJ = Enjoyment 
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SEM Analysis 
 
 In this section, I discuss the analysis and results from my SEM analysis. I first 

address the assumptions inherent to SEM. After discussing the assumptions, I present the 

direct effects that I generated in my analysis. 

Assumptions. To run my SEM, I coded each teacher numerically and created a categorical 

variable that included each of the seven teachers who participated in my study. I used the 

default missing data imputation of WarpPLS to tend to the missing data within my 

sample. This imputation is called the Arithmetic Mean Imputation which increased my 

sample size from 73 participants to 99 (N = 99) as I initially removed approximately 26% 

of cases due to missing data or being an outlier for my previous analyses. This percentage 

of missing data is within the acceptable threshold as explained: “Kock (2014c) and Kock 

(2018a) show that even 30 percent of missing data will still not lead to significant bias 

(from the perspective of theory testing) with any of the missing data imputation methods 

employed by this software” (Kock, 2018, p. 48).  

The means and standard deviations for the six latent variables were: student 

beliefs in SE (M = 3.84, SD = .739); student beliefs in INT (M = 3.71, SD = .771); 

student beliefs in ENJ (M = 3.86, SD = .631); student perceptions in teacher SE (M = 

3.90, SD = .695); student perceptions in teacher INT (M = 3.20, SD = .733); and student 

perceptions in teacher ENJ (M = 3.87, SD = .738). 

I used variance-based structural equation modeling (VB-SEM) to examine the 

various predictive paths using the Warp PLS v.6.0 statistical software (Kock, 2018). This 

program uses the partial least-squares method, which is based on ranked data and is 

distribution-free. Use of ranked-based data allows for greater statistical power without 

increasing the chance of errors occurring. In addition to this, this method is applicable to 



 136 

a wide range of sample sizes (Reinartz, Haenlein, & Henseler, 2009). Figure 18 shows 

the SEM and its findings. 

 
 

 
 
Figure 20. Structural equation model showing relationships between teacher beliefs 
(purple), SPSE = Student Perceptions of Self-Efficacy (green), SPINT = Student 
Perceptions of Interest (blue), and SPENJ = Student Perceptions of Enjoyment (yellow), 
and SBSE = Student Beliefs of Self-Efficacy (red), SBINT = Student Beliefs of Interest 
(orange), and SBENJ = Student Beliefs of Enjoyment (gray). 

I used several fit and quality indices to gauge the validity of the variance-based 

structural equation model. These indices include overall goodness-of-fit (GoF), average 

path coefficient (APC), average coefficient of determination across the model (average 

R2 or ARS), average variance inflation factor for model parameters (AVIF), and average 

full collinearity VIF (AFVIF). Tenenhaus, Amato, and Esposito Vinzi (2004) proposed 

that researchers use GoF as a criterion for the overall model prediction performance 

based on both the measurement and the structural model. A model has a large 
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explanatory power when GoF is greater than 0.36, with unacceptable explanatory power 

when GoF is less than 0.1 (Wetzels, Odekerken-Schroder, & van Oppen, 2009). Both 

APC and ARS provide further information about model adequacy and together gauge the 

predictive and explanatory power of the model (analogous to total variance explained). 

APC and ARS should have values that are statistically significant, with p-values less than 

0.05 general considered acceptable (Hagger et al., 2015). High AVIF and AFVIF values 

indicate a potentially large degree of collinearity (i.e., redundancy of variables; 

Tabachnick & Fidell, 2007) is present in the model. Values of AVIF and AFVIF should 

generally be below 3.3 (Kock & Lynn, 2012) to ensure that variables are not redundant. 

Finally, nonlinear bivariate causality direction ratio (NLBCDR) indicates the percentage 

of model paths where the hypothesized direction is supported, with “acceptable values of 

NLBCDR…equal to or greater than 0.7, meaning that in at least 70 percent of path-

related instances in a model the support for the reversed hypothesized direction of 

causality is weak or less” (Kock, 2013, p. 53). For the present study, the overall fit and 

quality of model was excellent, with GoF = .365 (large explanatory power; Tenenhaus, 

Esposito Vinzi, Chatelin, & Lauro, 2005); APC = .212, p = .007; ARS = .133, p = .043; 

AVIF = 1.18; AFVIF = 1.51; and NLBCDR = .917 (92% support for the hypothesized 

path directions). 

Direct Effects. Several significant pathways were determined by the SEM analysis. The 

direct path between teacher and student perceptions of interest was significant, with β = 

0.20, p = .02. These findings were mirrored in the pathway between teacher and student 

perceptions of enjoyment, with β = 0.20, p = .02. Although these pathways were 

significant, each only accounted for 4% of the variance in the model. 
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The direct path between student perceptions of SE and student beliefs in interest 

was significant, with β = 0.21, p = .01. However, the mediated relations were not 

significant, with β = 0.10, p < .16, for the student perceptions of SE and the student 

beliefs in SE, and β = 0.08, p = .22, for the student perceptions of SE and student beliefs 

in enjoyment path. In other words, student beliefs in SE were related to their perceptions 

of teacher SE for science and science teaching.  

The direct path between student perceptions of INT and student beliefs in SE was 

not significant, with β = 0.02, p = .41. However, the mediated relations were significant, 

with β = 0.27, p < .01, for the student perceptions of INT and the student beliefs in INT, 

and β = 0.30, p < .01, for the student perceptions of INT and student beliefs in enjoyment 

path. In other words, student beliefs in INT and student beliefs in ENJ were related to 

their perceptions of teacher INT for science and science teaching. The total amount of 

variance in student perceptions of INT explained by the model was only 4%, again 

meaning that although the pathways from SPINT were found to be significant, it alone 

does not matter very much in consideration of the whole model. 

The direct path between student perceptions of ENJ and student beliefs in SE was 

significant, with β = 0.43, p < .01. In addition to this, the mediated relations were 

significant, with β = 0.26, p < .01, for the student perceptions of ENJ and the student 

beliefs in INT, and β = 0.36, p < .01, for the student perceptions of INT and student 

beliefs in enjoyment path. In other words, student beliefs in SE, student beliefs in INT 

and student beliefs in ENJ were related to their perceptions of teacher ENJ for science 

and science teaching. The total amount of variance in student perceptions of ENJ 

explained by the model was only 4%, again meaning that although the pathways from 

SPENJ were found to be significant, it alone does not matter very much in consideration 
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of the whole model. This said, in total 23% of the variance in student beliefs of SE, 20% 

of the variance in student beliefs of INT, and 27% of the variance in student beliefs of 

ENJ was related to student perception scores.  

Results Summary 

The results of my dissertation study showed that not only do students perceive 

their teachers’ SE, interest, and enjoyment for science ad science teaching, but these 

perceptions of their teachers’ beliefs have the ability to predict students’ own beliefs in 

science; more specifically, student SE, interest, and enjoyment of science can be 

predicted by their perceptions of their teachers’ beliefs. 

The purpose of RQs 1a and 1b was to ascertain how students perceived their 

teachers’ SE, INT and ENJ for science and science teaching (RQ1a), as well as to 

establish students’ self-ratings of SE, INT, and ENJ for science (RQ1b). More often than 

not, students rated their teachers lower than teachers rated themselves. Most interestingly, 

students consistently perceived their teachers’ interest in science lower than the teacher 

rated herself. This suggests that elementary teachers do not effectively project their 

interest in science or science teaching or perhaps are responding to survey items in a way 

that may be perceived as more desirable. For example, knowing that I am a colleague and 

middle school science/STEM department head at the middle-high school building, 

perhaps the teachers wanted me to believe they are more interested in science and science 

teaching than they actually are. Another likely thought concerns the students’ ignorance 

to their teachers’ struggles with time allotted to teach science, and the physical space in 

which to do so. Students were also more likely to say that their teachers enjoy science 

and science teaching, however, the possibility that students are perceiving their teachers’ 
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enjoyment of teaching in general exists. These possible reasons discussed in more detail 

in Chapter 5. 

In response to RQ1b, students’ self-ratings of SE, INT, and ENJ for science 

mirrored their teachers’ self-ratings with the exception of a few cases where students 

rated themselves as more self-efficacious in, more interested in, and enjoying science 

more than their teachers. There were also a couple of cases where students rated 

themselves as being less self-efficacious in, more interested in, and enjoying science 

more than their teachers. 

 RQ2aimed to determine whether student perceptions can mediate for, or predict 

student beliefs in SE, INT, and ENJ of science. The findings suggest that while student 

perceptions of teacher SE is not a good predictor of student beliefs, at least pertaining to 

3rd grade students, student perceptions of teacher INT and ENJ are good predictors of 

student SE, INT, and ENJ of science. 

I will discuss implications of these findings in Chapter 5. More specifically, I will 

discuss how these results support my model for predictive pathways between student 

perceptions and student beliefs, implications for elementary teacher preparation and 

classroom practices, and potential avenues for further study. 
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CHAPTER 5 

DISCUSSION 

 In this chapter, I discuss a summary of my findings from Chapter 4 and how they 

relate to student perceptions of their teacher’s self-efficacy, interest, and enjoyment of 

science and science teaching. I also discuss the limitations to my study as well as the 

implications for research and practice. 

Summary of Findings 

 Research using students’ perceptions is still burgeoning and even so, is mainly 

being gathered in regard to student sense of teacher caring (Riconscente, 2014), is being 

interchanged with “perspective” or “self-perceptions” (Dailey & Robinson, 2017, p. 172) 

rather than perceptions of others, or is being used to supplement to other research goals 

(Kunter et al., 2008). To the best of my knowledge, student perceptions of their teachers’ 

beliefs have not yet been considered as a main focus of a study nor in reference of the 

constructs of self-efficacy, interest, and enjoyment and how they impact the development 

of student beliefs for science. In this chapter, I discuss how elementary students perceive 

their teachers’ beliefs and the predictability of student perceptions of their teachers’ 

beliefs on the development of their own beliefs. Because my study is not exempt from 

limitations, I then discuss the limitations of my study with possible suggestions to 

counteract these limitations. I conclude my dissertation with presenting the implications 

my study has for research and practice. 

General Findings 

 In Chapter 2, I presented a diagram (Figure 1) representing how I think the 

constructs of SE, interest, and enjoyment interact with each other, based on the literature 

available. The results of my bivariate correlations of teacher scores (Table 6) and student 
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scores (Table7) support this model, which makes it appropriate when thinking about the 

interactions amongst student perceptions, the interactions amongst student beliefs, and 

the interactions amongst student perceptions and beliefs. The weakest relationships 

amongst variables occurred when considering student perceptions of SE. For example, 

the weakest associations existed between student perceptions of enjoyment and student 

beliefs of SE, student perceptions of SE and student beliefs of SE, student perceptions of 

SE and student beliefs of interest, student perceptions of SE and student beliefs of 

enjoyment, student perceptions of interest and student beliefs of SE, and student 

perceptions of enjoyment and student beliefs of interest, while all other interactions were 

significant. These findings give support to the idea that SE may be too abstract of a 

concept for third graders to experience and perceive. The idea that the construct of SE is 

too abstract for a 3rd grader to ascertain is supported by Piaget’s Model of Child 

Development. In Piaget’s four-stage model, children progress through various stages 

while they are developing. These stages are semimotor, preoperational, concrete 

operational, and formal operational (Smith, 1981, p. 24). In Piaget’s model, children are 

in the semimotor stage from birth to approximately a year and a half old; in the 

preoperations stage from approximately a year and a half to two years of age; in the 

concrete operational stage from about 5 or 6 years old; and the formal operations stage 

begins at about age 10 or 11 (Byrnes, 2001, pp. 13-21).  

Piaget “locks” children into these stages according to their age, rather than 

abilities. This is a reason why many researchers have stopped considering Piaget’s model, 

as “children have been shown to grasp ideas earlier than Piaget found…” (Byrnes, 2001, 

p. 19). However, given the abstractness of SE, I think Piaget’s model is still appropriate 

in support of my findings. This said, given Piaget’s age brackets, 3rd graders would fall 
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within the concrete operational phase. Byrnes (2001) explains that, “although children 

can understand somewhat more abstract properties, these properties still must be 

something one can point to or concretely describe” (p. 19). A third grader can more easily 

identify the marks of interest and enjoyment as observing the expression of these 

constructs is less abstract than the construct of SE. In other words, because SE concerns 

one’s personal beliefs in their own abilities, students may have a more difficult time 

determining if their teacher thinks she does science and science teaching well.  

This developmental stage, according to Piaget, also places more importance on 

Bandura’s contributing factors of SE, particularly vicarious experiences, social 

persuasions, and expressions of emotional responses as these may be more easily 

perceivable for an elementary student. In other words, if students are provided with the 

opportunity to observe their teacher thinking she does science well (i.e., the teacher being 

visibly excited to facilitate a science lab, thus demonstrating an emotional response), 

students may begin to adopt similar beliefs. For example, if an elementary student sees 

their teacher getting excited to facilitate a science lab (emotional response), the student 

will want to experience excitement too and become excited to participate in a science lab. 

This would contribute to the feedback loop presented in Chapter 2 (Figure 1). The student 

observing their teacher’s excitement (vicarious experience) for facilitation of the lab, 

elicits excitement within the student to participate in a lab activity (emotional response) 

and provides the student with a positive experience (enjoyment) of participating in the 

activity (mastery experience). This contributes to the student’s SE development, may 

trigger situational interest and if the student enjoys the activity and believes they are good 

at the activity, room is made for deeper SE and interest development with enjoyment 
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being a positive consequence of the experience. Opportunities for young students to 

observe demonstrations of adults’ beliefs are important to their own belief development. 

Bandura’s (1961) Bobo doll experiment is probably one of the earliest 

applications of research concerning student perceptions, although it was not coined as 

such. The Bobo experiment was one in which adults modeled aggressive behaviors 

towards an inflatable clown doll. Children were set to observe these behaviors and were 

then left alone with Bobo at a later time. The researchers observed the interactions and 

type of play the children participated in to see if they modeled the negative behaviors 

demonstrated by the adults earlier. Bandura found that children exposed to negative 

behaviors were more likely to display negative behaviors towards the doll than those who 

did not (Bandura, 1961, p. 577). In other words, children who did not observe negative 

behaviors interacted with the doll in a more positive manner. 

 Children often mimic the behaviors of adults in their lives; they adopt their 

parents’ political views and regurgitate similar political and ethical beliefs as their 

parents. Many times, students will even adopt their teacher’s hallway behaviors. While 

working in an elementary school, I was often able to tell which teacher was walking 

down the hall with a class before I saw them. The same teacher that was more verbose 

than our colleagues often had the chattier class. If children are so easily affected by 

observing adults’ interactions with an inanimate object, such as Bobo, or to adopt their 

parents’ beliefs, or to emulate their teacher’s behavior in a hallway, I do not find it 

unreasonable to consider that elementary students could perceive or adopt their teachers’ 

negative beliefs towards science and science teaching until they are otherwise exposed. In 

other words, behaviors are learned. Bandura supports this with his development of Social 
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Learning Theory: “Most of the behaviors that people display are learned, either 

deliberately or inadvertently, through the influence of example” (Bandura, 1977, p. 5). 

 In an attempt to discover how influential student perceptions may be on students’ 

own beliefs concerning SE, interest, and enjoyment for science, I developed my research 

questions. Research questions 1a (RQ1a) and 1b (RQ1b) are two parts to one question 

exploring the relationship between student perceptions and teacher beliefs, as well as the 

relationship between student beliefs and teacher beliefs, respectively while my second 

research question (RQ2) tends to the predictability of student beliefs from their 

perceptions of their teachers’ beliefs. 

Findings Concerning Student Perceptions of Teachers’ Beliefs 

 When initially thinking about my hypothesis, I thought that student perceptions 

and their teachers’ beliefs would match, indicating that students accurately perceive their 

teachers’ SE, interest, and enjoyment of science and science teaching. In other words, I 

was thinking about a “yes” vs. “no” answer rather than a “how.” Upon implementing my 

instrument and collecting and analyzing my data, I realized that the “how” was more 

important. In other words, students have perceptions of their teachers’ beliefs regardless 

of whether or not they match their teachers’ beliefs. 

RQ1a asks, How do elementary students’ perceptions of their teacher’s self-

efficacy, interest, and enjoyment for science and science teaching compare to their 

teacher’s own report of self-efficacy, interest, and enjoyment for science and science 

teaching? The short answer is that, yes, students do perceive teacher SE, interest, and 

enjoyment for science and science teaching, but their perceptions of their teacher’s SE, 

interest, and enjoyment of science and science teaching do not match their teacher’s 

report of SE, interest, and enjoyment of science and science teaching. 
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As Figures 3 through 9 in Chapter 4 show, students typically perceived their 

teacher’s SE, interest, and enjoyment of science and science teaching lower than their 

teachers reported, especially in regard to interest and enjoyment. In terms of interest, this 

could indicate that the teacher subconsciously acts as though she is disinterested in 

science or disinterested in science teaching. This perception students have of their 

teachers’ SE, interest, and enjoyment for science and science teaching is detrimental to 

the student’s own belief development. Renninger and Hidi (2015), in alignment with 

Bandura (1977), comment that “the development of interest occurs through interactions 

with others (e.g., peers, educators, employers, and parents) and the environment” (p. 3). 

This vicarious element of interest development is vital to social learning and 

development, as Bandura (1977) outlined. As children, vicarious experiences are 

exceptionally important as the child may not have any other frame of reference for their 

behavior or, in this case, the development of their beliefs towards science.  

Renninger and Hidi (2015) further explain that “when learners have no prior 

experience or formal training in a discipline, the triggering of interest may involve the 

educator…sharing connections that they have made to the content” (p. 73). This is where 

teacher SE in, interest for, and enjoyment of a content area (ahem, science) is important. 

When the teacher does not view themselves as being able to adequately facilitate science 

instruction, the opportunity for student connectedness/belief development with the 

content is diluted. Renninger and Hidi (2015) support this claim by campaigning that, “if 

educators or the environment (e.g., software or tasks) provide support for continued and 

deepening engagement through triggers that are aligned to learners’ present 

understanding, they optimize the likelihood that interest is supported to develop” (p. 73). 
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Students perceived enjoyment in closer alignment to their teachers’ reports, which 

makes sense under Piaget’s developmental stages seeing as students within the 3rd grade 

age bracket still need concrete, or more visual, affirmation (Byrnes, 2001). However, I do 

not think that this is an accurate representation of their perceptions of their teacher’s 

enjoyment specifically for science or science teaching. On the open-ended responses of 

the teacher survey, a couple of the teachers indicated that they enjoy seeing their 

students’ excitement for science learning. It is possible that students were perceiving their 

teacher’s enjoyment for teaching in general, or enjoyment for children rather than their 

teachers’ enjoyment of science. This claim is supported by the findings of Kunter et al. 

(2008). In this study, student participants stated that their teachers were enthusiastic about 

teaching mathematics, but not particularly enthusiastic about mathematics as a stand-

alone subject. While enjoyment and enthusiasm are not the same construct, nor are they 

being viewed as such in my study, they are both considered positive activating emotions 

(Sinatra, Broughton, & Lombardi, 2014, p. 418), so considering enthusiasm in tandem 

with enjoyment is appropriate in this case.  

Findings Concerning Student Beliefs as They Relate to Their Teachers’ Beliefs 

In alignment with RQ1a, RQ1b asks, How do elementary students’ report of their 

own SE, interest, and enjoyment for science compare to their teacher’s own report of SE, 

interest, and enjoyment for science? Generally speaking, third grade students reported 

their SE, interest, and enjoyment for science less positively than their teachers. In other 

words, they find themselves less self-efficacious and less interested in science as well as 

not enjoying science as much as their teachers. This could be a repercussion of several 

different factors. 
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One factor that must be considered is from Bandura’s four contributing factors of 

SE. As discussed in Chapter 2 and applied in Chapter 3, these factors are also applicable 

to the constructs of interest and enjoyment. These four factors, mastery experiences, 

vicarious experiences, social persuasions, and emotional responses, are vital in one’s 

development of SE, interest, and enjoyment in a particular topic. Without opportunities 

for mastery and vicarious experiences, especially (Luccioni & Bailey, 2016), one’s 

development in SE, interest, and/or enjoyment can be hindered. Renninger and Hidi 

(2015) discuss the opportunity for mastery and vicarious experiences as it pertains to 

interest development. They explain that an “…individual’s self-efficacy can be improved 

through feedback from their own activities…” (p. 83). When the student is provided with 

more opportunities to “do science,” they are engaging in a mastery experience that will 

contribute to their own SE development. “Thus, when interest has begun to develop, 

engaging in interesting activities can naturally provide individuals with the feedback that 

they need to persevere in their work with tasks even when the tasks are challenging”  

(p. 83). In other words, if students are not being provided with the opportunities to 

engage in science activity, they cannot contribute to their own development of SE and 

interest (and later enjoyment) for science. This gives support to the students’ lower 

reports of each of these constructs considering the lack of time that is allotted for science 

instruction at The South School. 

There is also an inconsistency amongst the number of participants in each class. 

For example, Ms. Greene had the highest number of student participants (n = 19) while 

Ms. Rouge had the lowest number of student participants (n = 5). This large discrepancy 

in student participants from class to class has an impact on the results simply because Ms. 

Greene’s class provided more individuals to contribute to the class score for each 
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construct than Ms. Rouge’s class. In support of this potential limitation, “The larger 

sample provides a better estimate of the population value and should receive more 

attention in the calculations” (Daya, 2003, p. 60). 

Predictability of Student Perceptions on Student Beliefs 

 In addition to ascertaining elementary students’ perceptions their teachers’ SE, 

interest, and enjoyment of science and science teaching and students’ own beliefs 

towards science, a main goal of my study was to determine whether or not student 

perceptions of these constructs are predictive of students’ own reports of SE, interest, and 

enjoyment of science. To do this, I created RQ2 which asks, Are elementary student 

perceptions of their teacher’s self-efficacy, interest, and enjoyment of science and science 

teaching predictive of elementary student self-efficacy, interest, and enjoyment of 

science?  

The results of the structural equation model (SEM) discussed in Chapter 4 and 

shown in the same chapter by Figure 18 presented the predictive pathways that exist 

amongst the nine variables studied. Unsurprisingly, student perceptions of SE was neither 

predictive of student SE, nor enjoyment; however student perceptions of SE was 

predictive of student interest in science although the pathway was not very strong. These 

results are unsurprising considering the developmental stage 3rd graders are at and the 

abstractness of SE as a concept (Byrnes, 2001).  

The remaining two variables supported my hypothesis that student perceptions 

may predict student beliefs of SE, interest, and enjoyment of science. Student perceptions 

of teacher interest for science and science teaching predicted student interest and student 

enjoyment for science. Additionally, student perceptions of enjoyment was a predictor for 

student SE, interest, and enjoyment of science. My results amplify the importance teacher 
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beliefs has on student beliefs development. In other words, my results support that 

students are perceptive of their teachers’ beliefs in science, and their own beliefs are 

affected as a result of these perceptions. This is not necessarily surprising given the 

literature available regarding the impact of teacher beliefs on student achievement 

(Nadelson, Callahan, Pyke, Hay, Dance, & Pfiester, 2013). If student perceptions are 

affecting student beliefs, it is only reasonable to assume that the stunting of student 

beliefs as a result of student perceptions will lead to lower achievement in science for 

elementary students. 

Limitations of the Study 

 As is the case with most research studies, my study is not immune to limitations. 

There are many concerns in regard to self-report and more so when children are involved 

(Woolley, Bowen, & Bowen, 2006). Because I asked students to essentially evaluate their 

teachers, it is possible that there were students who scored their teachers as more self-

efficacious, more interested, or having more enjoyment for science and science teaching 

in concern for their teacher’s feelings. Riconscente (2014) had a similar concern while 

collecting her data; however, she counteracted this by not having teachers present during 

her student data collection (p. 58). I also encouraged teachers to leave the room while 

students completed their surveys; with the exception of the teachers with high-needs 

students, all teachers took advantage of the opportunity of additional prep and left the 

room. In the case of the teachers with high-needs students, I carefully monitored 

administration of the perceptions survey to ensure that teachers were only helping 

students in reading each of the items and remembering the scale measurements. In 

addition, I tried to be proactive in accounting for this limitation by reminding students 
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that their teachers would never see their answer sheets and that once their surveys are 

completed, they get handed right back to me and not shared with anyone else.  

Along the same lines, students’ self-report was also a concern in regard to 

students reporting their own beliefs of SE, interest, and enjoyment of science as was 

teacher self-report of their SE, interest, and enjoyment of science and science teaching. 

Although I was proactive in assuring students that their teachers would never see their 

responses, there was still the possibility that students wanted to appear more self-

efficacious, more interested in, and as enjoying science more than actually were. This 

could have been in an effort to please their teachers. In addition to this, there could have 

also been a small sense of false confidence; students could view themselves as doing well 

in science based off of the few opportunities they have had to do science. 

 Student distractions and age need to be accounted for in my study as well. All 

student participants were under the age of ten and their abilities varied; this was 

particularly evident during data collection of the two co-taught classes. I combined the 

two classes in the lunch room in an attempt to make collection easier on their teachers’ 

schedules as their data collection was scheduled for the end of the day. Students were 

distracted by each other, and as a result, they were confused during collection. They 

needed additional help on their surveys from their teachers who were instructed to only 

read survey items to students and remind them of what the Likert-scale ratings mean if 

they became stuck. Although I tried to account for readability of my surveys for my 

sample, it is possible that some items were too abstract or difficult for third graders to 

comprehend, particularly in classrooms designated as special education. It is hard to say 

whether or not this is a legitimate limitation of my study because the special education 

classes were amongst those with the smallest number of student participants. In hindsight, 
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bringing the readability of the surveys to a first or second grade reading level may have 

been more appropriate.  

Another limitation of my study lies with my administrations of student surveys 

within their classrooms. Being a new person in an elementary classroom is sometimes 

distracting to students, and it took me a few minutes to settle students down and explain 

directions. Even so, during survey administration, students became a little chatty with 

each other. While doing this, they could have influenced each other’s responses in spite 

of my monitoring and reminding them that their responses are supposed to be their own 

and not shared with their neighbor. 

Ms. Greene herself could be considered a limitation of this study through no fault 

of her own. Prior to data collection, Ms. Greene told me that she sometimes 

overexaggerates her confusion in science topics. She told me that she often gets answers 

wrong to encourage her students to correct her. She said that her students remain more 

engaged in an otherwise “boring” science lesson and like to show off that they know 

more science than their teacher does. Although this is may be an effective teaching 

strategy to foster student engagement in limited (i.e., digital) learning experiences 

(Sinatra, Heddy, & Lombardi, 2015), this practice could have influenced student 

perception scores. In other words, students may have scored Ms. Greene as being less 

self-efficacious, less interested in, and having less enjoyment for science and science 

teaching than she really is. 

 The limitations in teacher self-report are multidimensional. First, my sample size 

was small (NT = 7). This did not allow me a lot of variability across my sample, nor can I 

generalize the third-grade teachers’ feelings to all elementary teachers in the building or 

elsewhere. In regard to survey completion, teachers may not have been completely 
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truthful in their responses. Considering I am a department chair at the middle-high school 

building and a former colleague of the teachers I was working with, a general feeling of 

not wanting to be seen as “less than” is possible. I suspect there was some holding back 

in how teachers responded on their surveys. In other words, when I worked at The South 

School with this set of teachers, some of their spoken feelings regarding science and 

science teaching were more negative than how they responded to survey items. Reasons 

for this may be two-fold and both fall within social desirability. On one hand, many of 

these teachers know my own beliefs in science and science teaching, and do not want to 

appear as being “less than.” As a result, teachers may have scored themselves higher in 

an effort to promote their own science teaching practices more positively. On the other 

hand, having worked with many of the teachers in this study one-on-one in the past, 

many of them know my journey through graduate school. They know how hard I have 

worked and they know my goals and passion in science education. To this extent, 

teachers may have thought they were helping me in my studies by responding more 

positively than they may be.  

Another limitation concerning teacher responses is that teachers did not provide a 

lot of detail in their responses to the open-ended questions on the teacher survey. This 

could have been due to the amount of time teachers allowed themselves to complete the 

survey, or my questions were not specific enough to probe them to provide additional 

details. Another possible reason for this could be tied to my previous thoughts concerning 

social desirability: perhaps teachers did not want to be perceived as having negative 

beliefs towards science and science teaching. 

 Working within the same organization in which I collected my data can make my 

sample a convenience sample, which could be considered a limitation. As previously 
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mentioned, this could have hindered teachers’ responses because they knew me and my 

background and beliefs in science education. Conversely, my student sample may have 

been smaller had I not been a member of the community. Many parents within The South 

School already knew who I was and what my goals were because I have taught their older 

children in the past. As a result, I had trust within the community and many parents 

consented to their younger children’s participation in my study. 

 Although I had a lot of cooperation from parents and teachers within my sample, 

the distribution of students from class to class could be considered problematic. There 

was a wide range of participants from teacher to teacher which could be a hindrance to 

my analysis of RQ1a and RQ1b. Two of the seven classes had over 15 participants, three 

classes had between 8 and 10 participants, and two classes had less than 8 participants. 

The small number of participants in some of the classes can make it difficult to ascertain 

whether the scores reported are a true representation of the entire class’s perceptions of 

their teachers’ beliefs as well as a true representation of students’ beliefs. 

Implications for Research and Instruction 

 More researchers are beginning to consider student perceptions of various teacher 

characteristics within their work, most popular being student perceptions of teacher 

caring. To the best of my knowledge, I am the first to consider student perceptions of 

teacher SE, interest, and enjoyment specific to science and science teaching. My research 

provides a meaningful application of student perceptions and gives it weight to be 

considered in other areas of educational research. 

 As discussed at length in Chapter 2, elementary teachers are traditionally 

unprepared to teach science (Lumpe, Czerniak, Haney, & Beltyukova, 2012) and 

typically lack content knowledge (Nadelson et al., 2013). This lack of content knowledge 
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amongst elementary teachers may impede their SE, which subsequently could impact 

student achievement. Sadler et al. (2013) speak to the importance of teacher content 

knowledge as it pertains to middle grades student achievement: “Beliefs about teacher 

knowledge shape both the policies regulating how teachers are prepared, certified, hired, 

and evaluated…for practicing teachers” (p. 2). Teacher content knowledge in science is 

taken into consideration for secondary education, but may not be prioritized for primary 

education where young students are beginning to form their own system of beliefs for 

education, particularly in science. My research potentially provides more support for the 

impact teacher unpreparedness has on student belief development and, in the long-term, 

on student achievement. While this may be a considerably large assumption, it has 

already been established that teacher SE has an impact on student achievement (Goddard, 

Hoy, & Hoy, 2000) and instructional quality (Holzberger et al., 2013).  

In a recent study, Chong, Liem, Huan, Kit, and Ang (2018) posit “teachers 

provide the most proximal influence in shaping students’ efficacy beliefs by changing the 

classroom environment, adjusting their instructional or interpersonal strategies, or 

reinforcing students’ goals for learning” (p. 3). As a result, teachers are shaping students’ 

beliefs development for science by providing them with various types of experiences in 

science. The more self-efficacious teachers are in science and science teaching, the more 

likely they are to provide more opportunities for students’ experiences in science. As Ball 

(1991) put it, “teachers cannot help children learn things they themselves do not 

understand” (p. 5). These opportunities for shaping student beliefs in science at a young 

age are “critical in shaping motivation, engagement, learning, and achievement” (Chong 

et al., 2018, p.3). The researchers found that “self-efficacy has a more pervasive impact 

across all student competencies” (p. 8). 
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Given that my research has shown that student perceptions of their teacher’s SE, 

interest, and enjoyment are predictive of student beliefs in science, the next logical 

thought is that student perceptions of their teachers’ beliefs might impact student 

achievement in science. This assumption is supported by Renninger and Hidi (2015) in 

that “…students perform well on tasks that they find interesting and that they become 

more interested in activities as they perform well” (p. 80). To this point, as educational 

researchers, we have to pay more attention to elementary teacher preparation in science. 

We know that elementary teachers are often ill-prepared for teaching science (Buss, 

2010) and that this impacts a teacher’s SE for science and science teaching (Kırık, 2013), 

which transfers to students. When teachers are not self-efficacious in science, they have a 

lower interest in science and thus enjoy it less. This stunts the feedback loop presented in 

Chapter 2 as the teacher is not engaging in opportunities to further develop their beliefs in 

science or science teaching. As a result, they are also not providing opportunities for their 

students to engage in “doing science” and further develop their own beliefs in science 

(Renninger & Hidi, 2015). This vicious cycle can be interrupted with introductions of 

professional development (PD) opportunities during a school year, however, many PD 

opportunities provided by schools are rarely content-specific as they do not pertain to an 

entire faculty (Luft, 2010). Practitioner conferences, such as the National Science 

Teachers Association are often expensive to attend, demand substantial travel (read: more 

expenses), and require time away from the classroom (expensive for a school as now they 

have to pay the teacher as well as a substitute for the time that teacher is away). From my 

experience as an educator, this is like a trifecta of “NO!” for schools to approve teacher 

attendance at such conferences, so the teachers often miss out of meaningful science-

specific PD opportunities.  
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Another considerable application of student perceptions is in areas of other 

emerging research such as out of field (OOF) teaching. In terms of science education, I 

consider elementary teachers as out of field practitioners because they often lack the 

extensive coursework typically experienced by their secondary education counterparts 

(Kırık, 2013). Further, professional development opportunities offered throughout a 

school year are rarely focused on science content or facilitation of science-related 

activities (Luft & Patterson, 2002), which does not provide support for inservice OOF 

practitioners. My research in teacher and student beliefs adds to what is already known 

about elementary teacher SE while also adding findings regarding teacher interest and 

enjoyment of science. Further, by including student perceptions, we can begin to gauge 

the current conditions of OOF in science from the student perspective and in turn, begin 

to understand how OFF practitioners impact student learning. 

Future Directions 

The findings from my research may be applied to and carried out in many 

different directions with student achievement and OOF as possible pathways of future 

investigations. However, first I would like to conduct more extensive evaluation (i.e., 

factor analysis) of the instruments I created in an effort to establish validity for measuring 

student perceptions of teacher beliefs, namely, SE, interest, and enjoyment of science and 

science teaching. In alignment with this, I would also like to test these instruments with 

participants of varying age (i.e., throughout elementary and middle school-aged students 

to high school students). Much like Riggs and Enoch (1990), I would like my 

instrumentation to be applicable across age groups for science education, and perhaps 

eventually, be adaptable to other content areas. 

My findings also suggest studying the longitudinal effects student perceptions 
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may have on maintained student SE, interest, and enjoyment of science and science 

teaching. To follow students from elementary school where their teachers are generalists, 

to middle or high school where their teachers are content specialists, researchers can gain 

a better understanding of how students’ beliefs in science changed as they are exposed to 

different science learning opportunities. In tracking the presumed fluctuations in student 

beliefs while considering student perceptions of their teachers’ beliefs, the foundation of 

science education in elementary school may be more important than previously assumed. 

Concluding Thoughts 

 Without students, there would be no need for education or educational research. 

As researchers, we are continually trying to find new ways (or edit old ways) to teach and 

contribute to our collective knowledge. We have considered teachers and students in a 

variety of contexts but have only minimally considered what the student thinks of their 

teachers’ instruction. 

 The results of my study give rise to considering student perceptions of SE, 

interest, and enjoyment of science and science teaching and how young students’ beliefs 

are affected. The more comfortable elementary teachers are with their science content, 

the more likely they are to become self-efficacious in science, more interested in science, 

and enjoy science and science teaching more.  

Teachers can make significant contributions to the motivation of their students. 

An educator’s style, instructional technology, and organization of materials may 

all contribute to learners’ interest and performance…teachers make required 

content personally meaningful and relevant; they can also include information that 

is novel, surprising, and complex. (Renninger & Hidi, 2015, pp. 128-129).  
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The more these beliefs increase in teachers, the more likely they are to provide mastery 

experiences for their students through hands-on and inquiry-based instruction. In turn, 

our young students will notice that their teachers are self-efficacious in, interested in, and 

enjoy science and science teaching. Their perceptions, coupled with the increasement of 

opportunities for mastery experiences will help develop student SE, interest, and 

enjoyment for science that may be carried with them throughout their schooling. 

  



 160 

REFERENCES CITED 

Ainley, M., & Ainley, J. (2011). Student engagement with science in early adolescence: 

The contribution of enjoyment to students’ continuing interest in learning about 

science. Contemporary Educational Psychology, 36(1), 4–12. doi: 

10.1016/j.cedpsych.2010.08.001 

Ainley, M., & Hidi, S. (1014). Interest and enjoyment. In R. Pekrun & L. Linnenbrink-

Garcia (Eds.), International handbook of emotions in education (pp. 205–227). 

New York, NY: Routledge. doi: 10.5860/CHOICE.185634 

Alexander, J. M., Johnson, K. E., & Leibham, M. E. (2013). Emerging individual interest 

related to science in young children. In K. A. Renninger, M. Nieswandt, & S. Hidi 

(Eds.), Interest in mathematics and science learning (pp. 261–279). Washington, 

DC: American Educational Research Association. 

Bailey, J. M., & Luccioni, N. A. (2017, April). Self-efficacy of secondary science and 

mathematics student teachers. Paper presented at the 2017 NARST Annual 

International Conference, San Antonio, TX. 

Baldwin, K. A. (2014). The science teaching self-efficacy of prospective elementary 

education majors enrolled in introductory geology lab sections. School Science 

and Mathematics, 114(5), 206–213. doi:10.1111/ssm.12073 

Ball, D. L., (1991). Research on teaching mathematics: Making subject matter knowledge 

part of the equation. In J. Brophy (Ed.), Advances in research on teaching (Vol. 2, 

pp. 1–47). Greenwich, CT: JAI. 

Bandura, A. (1977). Social learning theory. Englewood Cliffs, NJ: Prentice Hall. 

Bandura, A. (1991). Social cognitive theory of self-regulation. Organizational Behavior 

and Human Decision Processes, 50(2), 248–287. doi:10.1016/0749-



 161 

5978(91)90022-l 

Bandura, A., & Schunk, D. H. (1981). Cultivating competence, self-efficacy, and intrinsic 

interest through proximal self-motivation. Journal of Personality and Social 

Psychology, 41(3), 586–598. doi: 10.1037/0022-3514.41.3.586 

Bleicher, R. E. (2004). Revisiting the STEBI-B: Measuring self-efficacy in preservice 

elementary teachers. School Science and Mathematics, 104(8), 383–391. 

doi:10.1111/j.1949-8594.2004.tb18004.x 

Bong, M., Lee, K. S., & Woo, Y. (2015). The roles of interest and self-efficacy in the 

decision to pursue mathematics and science. In K. A. Renninger, M. Nieswandt, 

& S. Hidi (Eds.), Interest in mathematics and science learning (pp. 33–48). 

Washington, DC: American Educational Research Association. 

Britner, S. L., & Pajares, F. (2006). Sources of science self-efficacy beliefs of middle 

school students. Journal of Research in Science Teaching, 43(5), 485–499. 

doi:10.1002/tea.20131 

Buss, R. (2010). Efficacy for teaching elementary science and mathematics compared to 

other content. School Science and Mathematics, 110, 290–297. doi: 

10.1111/j.1949-8594.2010.00037.x 

Byrnes, J. P. (2001). Cognitive development and learning in instructional contexts (2nd 

ed.). Needham Heights, MA: Allyn and Bacon.  

Charter School Office. (2017, June 26). Charter school profile: Philadelphia Performing 

Arts. http://webgui.phila.k12.pa.us/uploads/LI/mW/LImWRDGLPKAWwX2kW8 

d7DQ/W36-Philadelphia-Performing-Arts-A-String-Theory-Charter-School-

Profile-DEC2016.pdf  



 162 

Chiang, W. W., & Liu, C. J. (2014). Scale of academic emotion in science education: 

Development and validation. International Journal of Science Education, 36(6), 

908–928. doi: 10.1080/09500693.2013.830233 

Chong, W. H., Liem, G. A. D., Huan, V. S., Kit, P. L., & Ang, R. P. (2018). Student 

perceptions of self-efficacy and teacher support for learning in fostering youth 

competencies: Roles of affective and cognitive engagement. Journal of 

Adolescence, 68, 1–11. doi: 10.1016/j.adolescence.2018.07.002 

Cohen, J., & Steinberg, R. J. (1992). A power primer. Psychological Bulletin, 112(1), 

155–159. 

Cordova, J. R., Sinatra, G. M., Jones, S. H., Taasoobshirazi, G., & Lombardi, D. (2014). 

Confidence in prior knowledge, self-efficacy, interest and prior knowledge: 

Influences on conceptual change. Contemporary Educational Psychology, 39(2), 

164–174. doi:10.1016/j.cedpsych.2014.03.006 

Creswell, J. W., & Plano Clark, V. L. (2011). Designing and conducting mixed methods 

research (2nd ed.). Thousand Oaks, CA: Sage. 

Daya, S. (2003). The t-test for comparing means of two groups of equal size. Evidence-

based Obstetrics and Gynecology, 5, 4–5. doi:10.1016/S1361-259X(03)00054-0 

Dewey, J. (1913). Interest and effort in education. Cambridge, MA: Houghton Mifflin. 

Enochs, L., Smith, P. L., & Huinker, D. (2000). Establishing factorial validity of the 

mathematics teaching efficacy beliefs instrument. School Science and 

Mathematics, 100(4), 194–202. doi:10.1111/j.1949-8594.2000.tb17256.x 

Esposito Vinzi, V., Chin, W. W., Henseler, J., & Wang, H. (2010). Handbook of partial 

least squares: Concepts, methods, and application. Berlin, Germany: Springer. 



 163 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences. Behavior Research Methods, 39, 175–191. doi: 10.3758/BF03193146 

Fauth, B., Decristan, J., Rieser, S., Klieme, E., & Büttner, G. (2014). Student ratings of 

teaching quality in primary school: Dimensions and prediction of student 

outcomes. Learning and Instruction, 29, 1–9. 

doi:10.1016/j.learninstruc.2013.07.001 

Felton, K. A., & Akos, P. (2011). The ups and downs of 3rd grade. Educational 

Leadership, 68(7), 28. Retrieved from 

http://search.ebscohost.com.libproxy.temple.edu/login.aspx?direct=true&db=ulh

&AN=59832710&site=ehost-

live&scope=site&authtype=uid&user=ebony&password=lewis  

Fiedler, K., & Beir, S. (2014). Affect and cognitive processes in educational contexts. In 

R. Pekrun & L. Linnenbrink-Garcia (Eds.), International handbook of emotions in 

education (pp. 36–55). New York, NY: Routledge. 

Frederick-Recascino, C. M., & Schuster-Smith, H. (2003). Competition and intrinsic 

motivation in physical activity: A comparison of two groups. Journal of Sport 

Behavior, 26(3), 240–254. 

Frenzel, A. C. (2014). Teacher emotions. In R. Pekrun & L. Linnenbrink-Garcia 

(Eds.), International handbook of emotions in education (pp. 494–519). New 

York, NY: Routledge. 

Frenzel, A. C., Goetz, T., Lüdtke, O., Pekrun, R., & Sutton, R. E. (2009). Emotional 

transmission in the classroom: Exploring the relationship between teacher and 

student enjoyment. Journal of Educational Psychology, 101(3), 705. doi: 



 164 

10.1037/a0014695  

Furr, R. M., & Bacharach, V. R. (2013). Psychometrics: An introduction. Thousand 

Oaks, CA: Sage. 

Gliem, J. A., & Gliem, R. R. (2003). Calculating, interpreting, and reporting Cronbach’s 

alpha reliability coefficient for Likert-type scales. Paper presented at the Midwest 

Research-to-Practice Conference in Adult, Continuing, and Community 

Education, Columbus, OH. 

Goddard, R., Hoy, W., & Hoy, A. (2000). Collective teacher efficacy: Its meaning, 

measure, and impact on student achievement. American Educational Research 

Journal, 37(2), 479–507. doi: 10.3102/00028312037002479 

Green-Demers, I., Pelletier, L. G., Stewart, D. G., & Gushue, N. R. (1998). Coping with 

the less interesting aspects of training: Toward a model of interest and motivation 

enhancement in individual sports. Basic and Applied Social Psychology, 20(4), 

251–261. doi: 10.1207/s15324834basp2004_2 

Hagger, M. S., Sultan, S., Hardcastle, S. J., & Chatzisarantis, N. L. (2015). Perceived 

autonomy support and autonomous motivation toward mathematics activities in 

educational and out-of-school contexts is related to mathematics homework 

behavior and attainment. Contemporary Educational Psychology, 41, 111–123. 

doi: 10.1016/j.cedpsych.2014.12.002 

Heddy, B. C., & Sinatra, G. M. (2013). Transforming misconceptions: Using 

transformative experience to promote positive affect and conceptual change in 

students learning about biological evolution. Science Education, 97(5), 723–744. 

doi:10.1002/sce.21072 



 165 

Hladky, S. (2011). Elementary students’ perceptions of teachers: Factors that influence 

achievement (Unpublished doctoral dissertation). Lindenwood University, Saint 

Charles, MO.  

Holzberger, D., Philipp, A., & Kunter, M. (2013). How teachers’ self-efficacy is 

related to instructional quality: A longitudinal analysis. Journal of 

Educational Psychology, 105(3), 774–786. doi:10.1037/a0032198 

Immordino-Yang, M. H., & Christodoulou, J. A. (2014). Neuroscientific contributions to 

understanding and measuring emotions in educational contexts. In R. Pekrun & L. 

Linnenbrink-Garcia (Eds.), International handbook of emotions in education (pp. 

607–624). New York, NY: Routledge. 

IBM Corp. (2016). IBM SPSS Statistics for Windows, Version 24.0 [Computer 

software]. Armonk, NY: IBM Corp.  

Izard, C. E. (2007). Basic emotions, natural kinds, emotion schemas, and a new 

paradigm. Perspectives on Psychological Science, 2(3), 260–280. doi: 

10.1111/j.1745-6916.2007.00044.x 

Kazempour, M. (2013). The interrelationship of science experiences, beliefs, attitudes, 

and self-efficacy: A case study of a pre-service teacher with positive science 

attitude and high science teaching self-efficacy. Journal of Education and 

Learning, 8(1), 51–64. doi:10.12973/ijese,2014.204a 

Keller, M. M., Neumann, K., & Fischer, H. E. (2017). The impact of physics teachers’ 

pedagogical content knowledge and motivation on students’ achievement and 

interest. Journal of Research in Science Teaching, 54(5), 586–614. doi: 

10.1002/tea.21378 



 166 

Kemper, E. A., Stringfield, S., & Teddlie, C. (2003). Mixed methods sampling strategies 

in social science research. In A. Tashakkori & C. Teddlie (Eds.), Handbook of 

mixed methods in social and behavioral research, (pp. 273–296). Thousand Oaks, 

CA: Sage. 

King, K., Shumow, L., & Lietz, S. (2001). Science education in an urban elementary 

school: Case studies of teacher beliefs and classroom practices. Science 

Education, 85(2), 89–110. doi:10.1002/1098-237x(200103)85:23.0.co;2-h 

Kırık, Ö. T. (2013). Science teaching efficacy of preservice elementary teachers: 

Examination of the multiple factors reported as influential. Research in Science 

Education, 43(6), 2497–2515. doi:10.1007/s11165-013-9357-y 

Kock, N. (2013). WarpPLS 4.0 user manual. Laredo, TX: ScriptWarp Systems. 

Kock, N., & Lynn, G. S. (2012). Lateral collinearity and misleading results in variance-

based SEM: An illustration and recommendations. Journal of the Association for 

Information Systems, 13(7), 546–580. doi: 10.17705/1jais.00302 

Kreibig, S., & Gendolla, G. H. E. (2014). Autonomic nervous system measurement of 

emotion in education ad achievement settings. In R. Pekrun & L. Linnenbrink-

Garcia (Eds.), International handbook of emotions in education (pp. 607–624). 

New York, NY: Routledge. 

Kunter, M., Tsai, Y., Klusmann, U., Brunner, M., Krauss, S., & Baumert, J. (2008). 

Students’ and mathematics teachers’ perceptions of teacher enthusiasm and 

instruction. Learning and Instruction, 18(5), 468–482. 

doi:10.1016/j.learninstruc.2008.06.008 

Kurt, H., Güngör, F., & Ekici, G. (2013). The relationship among teacher efficacy, 

efficacy regarding teaching, and responsibility for student achievement. Procedia 



 167 

–Social and Behavioral Sciences, 116, 802–807. 

doi:10.1016/j.sbspro.2014.01.301 

Lee Rodgers, J., & Nicewander, W. A. (1988). Thirteen ways to look at the correlation 

coefficient. The American Statistician, 42(1), 59–66. doi: 

10.1080/00031305.1988.10475524 

Linnenbrink-Garcia, L., & Pekrun, R. (2011). Students’ emotions and academic 

engagement: Introduction to the special issue. Contemporary Educational 

Psychology, 36(1), 1–3. 

Lombardi, D., & Sinatra, G. M. (2013). Emotions about teaching about human-induced 

climate change. International Journal of Science Education, 35(1), 167–191. doi: 

10.1080/09500693.2012.738372 

Luccioni, N. A., & Bailey, J. M. (2016, April 10). Self-efficacy of secondary science and 

mathematics student teachers. Paper presented at the annual meeting of the 

National Consortium for Instruction and Cognition, Washington, DC.  

Luft, J. A., & Patterson, N. C. (2002). Bridging the gap: Supporting beginning science 

teachers. Journal of Science Teacher Education, 13(4), 267–282. doi: 

10.1023/A:1022518815872 

Lumpe, A., Czerniak, C., Haney, J., & Beltyukova, S. (2011). Beliefs about teaching 

science: The relationship between elementary teachers’ participation in 

professional development and student achievement. International Journal of 

Science Education, 34, 153–166. doi:10.1080/09500693.2010.551222 

Madan, D. B., & Seneta, E. (1990). The variance gamma (VG) model for share market 

returns. Journal of Business, 63(4), 511–524. doi: 10.1086/296519 



 168 

Madden, L., & Wiebe, E. (2014). Multiple perspectives on elementary teachers’ science 

identities: A case study. International Journal of Science Education, 37(3), 391–

410. doi:10.1080/09500693.2014.987715 

Mansfield, C. F., & Woods-McConney, A. (2012). “I didn’t always perceive myself as a 

science person”: Examining efficacy for primary science teaching. Australian 

Journal of Teacher Education, 37(10), 37–52. doi: 10.14221/ajte.2012v37n10.5 

Miller, A. D., Ramirez, E. M., & Murdock, T. B. (2017). The influence of teachers’ self-

efficacy on perceptions: Perceived teacher competence and respect and student 

effort and achievement. Teaching and Teacher Education, 64, 260–269. doi: 

10.1016/j.tate.2017.02.008 

Nadelson, L., Callahan, J., Pyke, P., Hay, A., Dance, M., & Pfiester, J. (2013). Teacher 

STEM perception and preparation: Inquiry-based STEM professional 

development for elementary teachers. Journal of Educational Research, 106(2), 

157–168. doi:10.1080/00220671.2012.667014 

Pajares, F. (1996). Self-efficacy beliefs in academic settings. Review of Educational 

Research, 66(4), 543–578. doi:10.3102/00346543066004543 

Pekrun, R., Goetz, T., Titz, W., & Perry, R. P. (2002). Academic emotions in students’ 

self-regulated learning and achievement: A program of qualitative and 

quantitative research. Educational Psychologist, 37(2), 91–105. doi: 

10.1207/S15326985EP3702_4  

Pekrun, R., Goetz, T., Frenzel, A. C., Barchfeld, P., & Perry, R. P. (2011). Measuring 

emotions in students’ learning and performance: The Achievement Emotions 

Questionnaire (AEQ). Contemporary Educational Psychology, 36(1), 36–48. doi: 

10.1016/j.cedpsych.2010.10.002 



 169 

Pekrun, R., & Linnenbrink-Garcia, L. (2014). Introduction to emotions in education. In 

R. Pekrun & L. Linnenbrink-Garcia (Eds.), International handbook of emotions in 

education (pp. 1–10). New York, NY: Routledge. 

Preckel, F., Goetz, T., Pekrun, R., & Kleine, M. (2008). Gender differences in gifted and 

average-ability students: Comparing girls’ and boys’ achievement, self-concept, 

interest, and motivation in mathematics. Gifted Child Quarterly, 52(2), 146–159. 

doi: 10.1177/0016986208315834 

PowerSchool (n.d.). Retrieved September, 2017, from https://www.powerschool.com/  

Protheroe, N. (2008). Teacher efficacy: What is it and does it matter? Principal, 87(5), 

42–45. 

Randler, C., Hummel, E., Glaser-Zikuda, M., Vollmer, C., Bogner, F. X., & Mayring, P. 

(2011). Reliability and validation of a short scale to measure situational emotions 

in science education. International Journal of Environmental and Science 

Education, 6(4), 359–370. 

Reeve, J., Lee, W., & Won, S. (2015). Interest as emotion, as affect, and as schema. In K. 

A. Renninger, M. Nieswandt, & S. Hidi (Eds.), Interest in mathematics and 

science learning (pp. 79–92). Washington, DC: American Educational Research 

Association. 

Reinartz, W. J., Haenlein, M., & Henseler, J. (2009). An empirical comparison of the 

efficacy of covariance-based and variance-based SEM. International Journal of 

Market Research, 26(4), 332–344. doi: 10.1016/j.ijresmar.2009.08.001 

Reisenzein, R., Junge, M., Studtmann, M., & Huber, O. (2014). Observational 

approaches to the measurement of emotions. In R. Pekrun & L. Linnenbrink-



 170 

Garcia (Eds.), International handbook of emotions in education (pp. 580–606). 

New York, NY: Routledge. 

Renninger, K. A. (2007). Interest and motivation in informal science learning. 

Commissioned paper for Learning Science in Informal Environments Committee, 

Washington, DC.  

Renninger, K. A. (2015). The ICAN intervention: Helping science learners make 

connections to content during inquiry. Science Scope, 39(4), 49. 

Renninger, K. A., Austin, L., Bachrach, J. E., Chau, A., Emmerson, M. S., King, B. R., & 

Stevens, S. J. (2014). Going beyond the “Whoa! That’s cool!” of inquiry: 

Achieving science interest and learning with the ICAN intervention. In S. A. 

Karabenick & T. C. Urdan (Eds.), Motivational interventions (Advances in 

Motivation and Achievement, Volume 18) (pp. 107–138). Bingley BD16 1WA, 

United Kingdom: Emerald Group. 

Renninger, K. A., & Bachrach, J. E. (2015). Studying triggers for interest and 

engagement using observational methods. Educational Psychologist, 50(1), 58–

69. doi: 10.1080/00461520.2014.999920 

Renninger, K. A., & Hidi, S. (2011). Revisiting the conceptualization, measurement, and 

generation of interest. Educational Psychologist, 46(3), 168–184. doi: 

10.1080/00461520.2011.587723 

Renninger, K. A., & Hidi, S. (2015). The power of interest for motivation and 

engagement. New York, NY: Routledge. 

Riconscente, M. (2014). Effects of perceived teacher practices on Latino high school 

students’ interest, self-efficacy, and achievement in mathematics. The Journal of 

Experimental Education, 82(1), 51–73. doi:10.1080/00220973.2013.813358 



 171 

Riggs, I. M., & Enochs, L. G. (1990). Toward the development of an elementary 

teacher’s science teaching efficacy belief instrument. Science Education, 74(6), 

625–637. doi: 10.1002/sce.3730740605 

Ritter, J. M., Boone, W. J., & Rubba, P. A. (2002, January). Extension of the self-efficacy 

beliefs about equitable science teaching and learning instruments to include 

learning support and gifted and talented students. Paper presented at the annual 

meeting of the Association for the Education of Teachers in Science, Charlotte, 

NC.   

Rotter, J. B. (1966). Generalized expectancies for internal versus external control of 

reinforcement. Psychological Monographs: General and Applied, 80(1), 1–28. 

doi: 10.1037/h0092976 

Rubeck, M. L., & Enochs, L. G. (1991, April). A path analytical model of variables that 

influence science and chemistry teaching self-efficacy and outcome expectancy in 

middle school science teachers. Paper presented at the annual meeting of the 

National Association for Research in Science Teaching, Fontana, WI. 

Sadler, P. M., Sonnert, G., Coyles, H. P., Cook-Smith, N., & Miller, J. L. (2013). The 

influence of teachers’ knowledge on student learning in middle school physical 

science classrooms. American Educational Research Journal, 50(5), 1020–1049. 

doi:10.3102/0002831213477680 

School Reform Commission. (2016). Annual charter school report: Philadelphia 

Performing Arts: A String Theory School. Retrieved from 

http://webgui.phila.k12.pa.us/uploads/0E/PG/0EPGemB4RznrNJDgW_tw1g/Phi 

ladelphia-Performing-Arts-W36-ACE-2016.pdf 

School Reform Commission. (2017). Annual charter school report: Philadelphia 



 172 

Performing Arts: A String Theory School. Retrieved from 

https://drive.google.com/file/d/1UFcZue-7JdLfFmaA7U24Ud34slfhlAJF/view  

Schutz, P. A., & Lanehart, S. L. (2002). Introduction: Emotions in education. 

Educational Psychologist, 37(2), 67–68. doi: 10.1207/S15326985EP3702_1 

Siciliano, M. D. (2016). It’s the quality not the quantity of ties that matters: Social 

networks and self-efficacy beliefs. American Educational Research Journal, 

53(2), 227–262. doi:10.3102/0002831216629207 

Sinatra, G. M., Broughton, S. H., & Lombardi, D. (2014). Emotions in science 

education. In R. Pekrun & L. Linnenbrink-Garcia (Eds.), International handbook 

of emotions in education (pp. 415–436). New York, NY: Routledge. 

Sinatra, G. M., Heddy, B. C., & Lombardi, D. (2015). The challenges of defining and 

measuring student engagement in science. Educational Psychologist, 50(1), 1-13. 

doi: 10.1080/00461520.2014.1002924 

Suri, H. (2011). Purposeful sampling in qualitative research synthesis. Qualitative 

Research Journal, 11(2), 63–75. doi: 10.3316/QRJ1102063 

Tabachnick, B. G. & Fidell, L. S. (2007). Using multivariate statistics (5th ed.). Boston, 

MA: Pearson Education. 

Teddlie, C., & Yu, F. (2007). Mixed methods sampling: A typology with 

examples. Journal of Mixed Methods Research, 1(1), 77–100. doi: 

10.1177/1558689806292430 

Tenenhaus, M., Amato, S., & Esposito Vinzi, V. (2004). A global goodness-of-fit index 

for PLS structural equation modelling. Proceedings of the XLII SIS Scientific 

Meeting, Vol. Contributed Papers (pp. 739–742). Padova, Italy: CLEUP. 



 173 

Tenenhaus, M., Esposito Vinzi, V., Chatelin, Y., & Lauro, C. (2005). PLS path modeling. 

Computational Statistics and Data Analysis, 48, 159–205. doi: 

10.1016/j.csda.2004.03.005 

Thomas, J. A., & Pedersen, J. E. (2003). Reforming elementary science teacher 

preparation: What about extant teaching beliefs? School Science and 

Mathematics, 103(7), 319–330. doi: 10.1111/j.1949-8594.2003.tb18209.x 

Turner, J. C., Kackar-Cam, H. Z., & Trucano, M. (2015). Teachers learning how to 

support student interest in mathematics and science. In K. A. Renninger, M. 

Nieswandt, & S. Hidi (Eds.), Interest in mathematics and science learning (pp. 

243–257). Washington, DC: American Educational Research Association. 

Velthuis, C., Fisser, P., & Pieters, J. (2014). Teacher training and pre-service primary 

teachers’ self-efficacy for science teaching. Journal of Science Teacher 

Education, 25(4), 445–464. doi: 10.1007/s10972-013-9363-y 

Wagner, W., Göllner, R., Helmke, A., Trautwein, U., & Lüdtke, O. (2013). Construct 

validity of student perceptions of instructional quality is high, but not perfect: 

Dimensionality and generalizability of domain-independent assessments. 

Learning and Instruction, 28, 1–11. doi:10.1016/j.learninstruc.2013.03.003 

Wetzels, M., Odekerken-Schroder, G., & van Oppen, C. (2009). Using PLS path 

modeling for assessing hierarchical construct models: Guidelines and empirical 

illustration. MIS Quarterly, 33(1), 177–196. doi: 10.2307/20650284 

Woolley, M. E., Bowen, G. L., & Bowen, N. K. (2006). The development and evaluation 

of procedures to assess child self-report item validity educational and 

psychological measurement. Educational and Psychological Measurement, 66(4), 

687–700. doi: 10.1177/0013164405282467  



 174 

APPENDICES 

APPENDIX A 

TEACHER BELIEFS TOWARD SCIENCE TEACHING 

Teachers will respond to the following Likert-scale with a 5 indicating that the teacher 
strongly agrees with the item, and 1 indicating that the teacher strongly disagrees with 
the item. 
 

1. I am continually finding better ways to teach science.  
2. Even when I try very hard, I don’t teach science as well as I do most subjects. 
3. I know the steps necessary to teach science concepts effectively.  
4. I am not very effective in monitoring science experiments.  
5. I generally teach science ineffectively. 
6. I understand science concepts well enough to be effective in teaching elementary 

science.  
7. I am typically able to answer students’ science questions.  
8. I wonder if I have the necessary skills to teach science.  
9. Given a choice, I would not invite the principal to evaluate my science teaching. 
10. 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. 
11. When teaching science, I usually welcome student questions.  
12. I don’t know what to do to turn students on to science.  
13. I can tell my students are interested in science.  
14. I encourage my students in science.  
15. My classroom is set up for science/laboratory activities.  
16. I am encouraged to set goals in science for my students. 
17. My classroom is not conducive to teaching science effectively. 
18. I want to participate in science-related professional development. 
19. I think I challenge my students in science. 
20. I often set my students up for group work in science. 
21.  I specifically plan hands-on activities for my students’ work in science. 
22. I go beyond the textbook when planning science lessons. 
23. I encourage science-related dialogue in my classroom. 
24. I seek the input of science content teachers and specialists when planning my 

lessons. 
25. I encourage my students to generate their own questions in science. 
26. I encourage my students to personally connect to science. 
27. Science is important to my life and existence. 
28. I show my students how science is important to their lives and existence. 
29. I tailor my science lessons and activities to the needs and interests of my 

students’. 
30. I am interested in teaching science. 
31. Student interest in science comes from the interest the teacher has for science and 

science teaching. 
32. I keep up with current events in science topics to bring to my classroom. 
33. I view science as a passionate human endeavor. 
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34. Science amazes me. 
35. Planning science lessons stresses me out. 
36. I am at a loss when it comes to planning a science unit. 
37. Science confuses me. 
38. I am generally pleased with how my science lessons go. 
39. I am easily frustrated while facilitating lab-type activities. 
40. Science bores me. 
41. I promote problem-solving activities in my classroom. 
42. When I plan field trips, I generally have science topics and themes in mind. 
43. I am fascinated by the work of scientists past and present, and often include them 

into my lessons. 
44. I enjoy facilitating multi-day science activities. 
45. I am generally in a good mood when it comes to plan science lessons. 
46. Teaching science puts me in a good mood. 
47. Science makes me anxious.   
48. I enjoyed my science classes in the past. 
49. I want my students to enjoy science. 
50. I avoid teaching controversial topics in science. 
51. I provide my students with opportunities to experiment. 

 
 
Open Responses  
 
Teachers will respond in writing to the following open response items.  
 

1. How many years have you spent teaching at the elementary level, and how many 
of those years included teaching science? 

2. How often do you teach science throughout the week and why? 
3. Do you strive to use hands-on activities in your science instruction? Why or why 

not, and if so, how often? 
4. How would you rate your own teaching, on a scale from 1-5 with 1 being poor 

and 5 being exceptional? Please provide a couple of reasons and examples to 
support your rating. 

5. What is/are the most recent science course(s) you took (either in or since college) 
6. How would you describe your feelings towards science and teaching science? 
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APPENDIX B 

TABLE OF TEACHER RESPONSES TO THE OPEN-ENDED QUESTIONS OF THE 

TISSEIE 

Teacher OE1 OE2 OE3 OE4 OE5 OE6 

 How many 
years have you 
spent teaching 

at the 
elementary 

level, and how 
many of those 
years included 

teaching 
science? 

How often do 
you teach 

science 
throughout the 

week and 
why? 

Do you strive 
to use hands-

on activities in 
your science 
instruction? 
Why or why 
not, and if so, 

how often? 

How would 
you rate your 
own teaching, 

on a scale from 
1-5 with 1 

being poor and 
5 being 

exceptional? 
Please provide 

a couple of 
reasons and 
examples to 

support your 
rating. 

What is/are 
the most 

recent science 
course(s) you 
took (either in 

or since 
college)? 

How would 
you describe 
your feelings 

towards 
science and 

teaching 
science? 

1 38 Years Two times a 
week- this is 

the time we are 
allotted 

I do use hands-
on activities 

with each unit 

4 2012- Science 
Fusion In 
Service 

I enjoy my 
students' 

enthusiasm. 

2 I have been 
teaching one 
year at the 
elementary 

level. Teaching 
science has 

been part of the 
curriculum for 

this year's 
entirety. 

Science is 
taught 2-3 times 
per week. This 

is because I 
rotate between 

science and 
social studies 

instruction each 
week. 

Yes, I do strive 
to use hands-on 
instruction for 

science topics. I 
do this because 
I truly feel that 

my students 
will not mastery 

science 
understandings 

until they 
experience 

them first-hand. 
For each 

science topic 
taught, I strive 
to include at 

least one hands-
on project that 

will support my 
students' 

understandings. 

As a first year 
teacher, I would 

rate my own 
teaching as a 3-
4. Based on my 

supervisor's 
evaluations, 

students' 
learning 

outcomes and 
self-reflection, I 

feel that I am 
on the path to 
exceptional 
teaching. 

However, as a 
first year 
teacher, I 

understand that 
I have much to 
learn, and am 

excited to 
improve my 

craft throughout 
my career's 

entirety. 

During the 
completion of 

my 
undergraduate 
degree, I had 

taken courses in 
chemistry, 

biology, and 
geology. I had 
also completed 

a course in 
which focused 
on elementary 

teaching in 
science. 

Overall, I view 
science 

instruction 
positively and 
enjoy exposing 
my students to 

a variety of 
science topics. 
In being such a 

hands-on 
subject, I love 

the ways which 
science lessons 

naturally 
engage my 

students and 
allow me to 

facilitate their 
learning. 
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Teacher OE1 OE2 OE3 OE4 OE5 OE6 

3 31 years 2 time per week 
this is all the 
time we are 

allotted 

with each unit 4 lack of time 
and space 

2012 science 
fusion in-

service 

More time and 
space would 
make taching 
science more 

enjoyable. 

4 This is my 
seventh year 
teaching in 
elementary 
school. All 
seven years 

have included 
science. 

I teach science 
about four 

times a week 
when we are 

teaching 
science. If we 

don't get to 
science 

instruction it is 
because we 

needed to spend 
time on math or 

ELA. 

I try to use 
hands on 

activities as 
much as 

possible. We 
try 

incorporating 
lab activities or 
group work as 

much as 
possible. 

I would rate my 
own teaching at 
a 4. I feel I do 
my best in all 

aspects of 
teaching 
including 
creativity, 

differentiation, 
and so much 

more. I 
incorporate 

activities that 
allow my 

students to 
collaborate with 
their peers and 

explore. 
Students 

participate in 
group work and 

independent 
activities as 

well as whole 
group activities. 

I think a 
teaching 

science course 
in undergrad. 

I enjoy teaching 
science, but I 

am not 
completely 
comfortable 

with all topics 
enough to go 

above and 
beyond in the 
subject area. 

5 14 years. All 
years I taught 
science in the 

classroom. 

2 times a week 
because this is 
all the time we 

are allotted. 

I try to use 
hands on 

activities in my 
science 

instruction for 
every unit. 

I rate my 
teaching as a 4. 
Due to lack of 
time and space 

in the 
classroom this 
doesn't allow 
me to teach 

science as best 
as possible. 

Science Fusion 
Professional 
Development 

Trainings 
(2012). 

I like science; 
however, I wish 

my school 
provided more 
time and space 

to teach it 
effectively to 
the students 

6 I have been 
teaching 9 years 

at the 
elementary 
level. All 9 
years I have 

taught science 

I teach science 
2-3x per week. 
It is built into 
our schedule. 
We have 35 

minutes a day 
for science or 
social studies. 

Yes, I strive to 
use hands-on 

activities in my 
science 

instruction 
because it is 

more engaging 
and meaningful 
for students. I 
try to use 1-2 

hands-on 
activity for each 

unit. 

I would rate my 
own teaching as 

a 4. Over the 
years I have 

gained 
experience 
within the 

profession. I am 
open to new 

ideas and 
constructive 

criticism. I like 
to make 

learning fun! 

The most recent 
courses I took 

were in college. 

I enjoy teaching 
science because 

it gives me a 
chance to 
expose the 

children to real-
life 

experiences. 
They get 

excited to learn 
science. 
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Teacher OE1 OE2 OE3 OE4 OE5 OE6 

7 2 years; all 
years 

Twice a week; 
because this is 
all of the time 

we have 
allotted 

yes, I strive to 
use hands-on 
activities with 

each unit 

I would rate my 
own teaching in 
science a 4 due 
to the lack of 

time and space 
but have a 

strong interest 
in teaching 

science 
concepts to my 

students. I 
generally get 

excited to teach 
science to my 
students and 
look for new 

resources 
 

* Science 
methods 

courses in 
college.               

* STEAM 
Professional 
Development 

I enjoy teaching 
science and 

asking 
challenging 
questions to 

help my 
students think, 
experiment, ad 
be enthusiastic 
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APPENDIX C 

STUDENT PERCEPTIONS OF TEACHER BELIEFS IN SCIENCE TEACHING 

Students will respond to the following Likert-scale with a 5 indicating that the student 
strongly agrees with the item, and 1 indicating that the student strongly disagrees with 
the item. 
 

1. My teacher does not teach science as well as they teach other subjects. 
2. My teacher knows the steps needed to teach science. 
3. My teacher is not very good at teaching science. 
4. My teacher has a hard time explaining why science labs work. 
5. My teacher doubts their science skills.  
6. The principal does not come watch my teacher teach science. 
7. My teacher likes when I ask science questions. 
8. My teacher does not know what to do to get me into science.  
9. My teacher gives me confidence in science. 
10. The classroom is set up for science. 
11. My teacher sets goals in science. 
12. The classroom is not set up for science. 
13. My teacher plans science labs for class. 
14. My teacher does not always use the book for our science lessons. 
15. My teacher has me create my own questions in science. 
16. My teacher thinks science is important to his/her life. 
17. My teacher shows me how science is important to my life. 
18. My teacher is amazed by science. 
19. My teacher is confused by science. 
20. My teacher is annoyed during lab work. 
21. Science bores my teacher. 
22. My teacher makes me problem solve in the classroom. 
23. The work of scientists are a part of our science learning. 
24. My teacher is in a good mood when it is time to learn science. 
25. My teacher seems nervous while teaching science. 
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APPENDIX D 

STUDENT BELIEFS IN SCIENCE 

Students will respond to the following Likert-scale with a 5 indicating that the student 
strongly agrees with the item, and 1 indicating that the student strongly disagrees with 
the item. 
 

1. I am not as good in science as I am in other subjects. 
2. I know the steps needed to do science. 
3. I am not very good at science. 
4. I have a hard time explaining why science labs work. 
5. I doubt my science skills.  
6. I try to find new ways to learn science. 
7. I can answer my classmates’ questions about science. 
8. When I don’t understand a science concept, I don’t know how to understand it 

better. 
9. I like to ask science questions. 
10. I have confidence in science. 
11. I want to do science outside of school 
12. I set goals for myself in science. 
13. I am just not interested in science. 
14. I do science experiments at home. 
15. I create my own questions in science. 
16. I think science is important to my life. 
17. I am amazed by science. 
18. I am confused by science. 
19. Science bores me. 
20. I like to problem solve in the classroom. 
21. I am in a good mood when it is time to learn science. 
22. I get nervous when doing science. 
23. Science stresses me out. 
24. I am fascinated by what past scientists have done. 
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APPENDIX E 

TEACHER CONSENT FORM 

Title of research: Elementary Student Perception of their Teacher’s Self Efficacy, 
Interest, and Enjoyment in Science Teaching and Science Teaching 
Investigator and Department: Noelle A. Luccioni, Ed.M, Temple University College of 
Education Department of Math and Science Education 
Why am I being invited to take part in this research? 
We invite you to take part in this research study because you are an elementary teacher 
who teaches science.  
What should I know about this research? 

• The “PI” (Principal Investigator) is the person conducting this research. 

• Someone will explain this research to you. 

• Whether or not you take part is up to you. 

• You can choose not to take part. 

• You can agree to take part and later change your mind. 

• Your decision will not be held against you. 

• You can ask all the questions you want before you decide. 
Who can I talk to about this research? 
If you have questions, concerns, or complaints, or think the research has hurt you, contact 
the research team via email at: noelle.a.luccioni@temple.edu or 
nluccioni@stringtheoryschools.org, or by phone at 717-813-5860. 
This research has been reviewed and approved by an Institutional Review Board. You 
may talk to them at (215) 707-3390 or e-mail them at: irb@temple.edu for any of the 
following: 

• Your questions, concerns, or complaints are not being answered by the research 
team. 

• You cannot reach the research team. 

• You want to talk to someone besides the research team. 

• You have questions about your rights as a research subject. 

• You want to get information or provide input about this research. 
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Why is this research being done? 
This research is being done to collect information regarding elementary teachers’ beliefs, 
interests, and enjoyment of science and science teaching. In addition to this, this research 
is being collected to obtain 
information about how students perceive their teacher’s beliefs, interests, and enjoyment 
of science and science teaching. 
Current research has unveiled elementary school teachers have low self-efficacy (SE) for 
science teaching. Such low SE is due, in part, to poor preparation in science teaching 
methodology, and a lack of science courses during undergraduate studies (Kırık, 2013). 
Sadler et al. (2013), and current literature suggest that low SE, due to a lack of teacher 
preparation in science, has an impact on student learning.  However, researchers have 
conducted no (or very little) research examining the degree to which students perceive 
the self-efficacy of their teachers in science teaching. Research in this area has the 
potential to inform teacher education and training in science at the elementary level. 
In addition to SE, I consider interest and enjoyment in this study because of their 
relevance to SE and teacher effectiveness. I draw upon the work of Renninger and Hidi 
(2015), which points to the importance of the teacher’s interest in science in support of 
their students’ development of interest in science (p. 18). Those who are more self-
efficacious in a task are more likely to work within the task enthusiastically, and to 
address obstacles more positively than those who are not as self-efficacious in a task; this 
aides in interest development (Renninger and Hidi, 2015, p. 83). I replace enthusiasm for 
a task with enjoyment for a task, as a positive activating emotion, under the idea 
presented by Sinatra, Broughton, & Lombardi (2014) that, “Positive activating emotions 
(e.g., enjoyment) can promote…positive overall achievement” (p. 418). Supported by the 
present literature, I posit that these three constructs are perceivable by the student, as 
displayed by the teacher.  
This study aims to identify teacher self-report of SE, interest, and enjoyment in science 
teaching, and the relationship of such with student perceptions of their teacher’s SE, 
interest, and enjoyment of science teaching. In other words, this study aims to determine 
whether or not teacher self-report of SE, interest, and enjoyment in science matches that 
of how students perceive these same constructs, as reported by their teachers. In an effort 
to achieve this, I will ask students and teachers participating in this study to respond to 
questions that may help me determine perceptions and beliefs about self-efficacy, 
interest, and enjoyment of science teaching. 
How long will I be in this research? 
I expect that your role in this research will last for less than one week, from the beginning 
of instructions, to teacher survey completion, to distribution and collection of student 
consent and assent forms. Directions on survey completion should take roughly 10 
minutes to explain, including participant questions. Teacher survey duration should not 
exceed 30 minutes.  
Teacher and student surveys will be administered at separate times during the study. 
Week One, the PI will meet with participating teachers to obtain teacher consent, explain 
the study to teachers, to administer the teacher survey, and to give the teachers student 
parental consent forms to distribute to their students at a convenient time, and to be 
collected within one week’s time. After the first week, the PI will contact participating 
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teachers to set up an appropriate day to return to collect signed student parental consent 
forms, obtain student assent, and to administer the student beliefs survey. This agreed 
upon day will mark “Week Two”. In Week Two, the PI will visit participating teachers’ 
classrooms. In each classroom, the PI will collect signed student parental consent forms, 
and read student assent forms to students. PI will ask students if they have any questions, 
and ask students to sign the form. PI will administer the student beliefs survey, collect 
responses, and leave until Week Three. For Week Three, the PI will again contact 
participating teachers to set up an appropriate day to return. Upon this day, the PI will 
once again visit participating teachers’ classrooms. PI will administer the student 
perceptions survey, collect responses, and leave. Data collection concludes at this time. 
How many people will be studied? 
We expect about 250 people will take part in the larger study, including teachers and 
students, if all participants give consent to the project.  
What happens if I agree to be in this research? 
If consent is granted, you will be instructed to complete the teacher survey, and record 
your responses on the corresponding survey response sheet. Instructions can be given in 
person. Instructions should take no more than 10 minutes to deliver, including answering 
any questions you may have. Once complete, teachers will return survey questions, and 
the completed response sheet to the PI. Survey completion should take no more than 30 
minutes. Teachers will then be instructed to send student parental consent forms home 
with the students to whom they teach science. The teacher will have approximately one 
week to return collected parental consent forms to the PI. 
Student survey forms will only be identified long enough to match consent. The forms of 
student participants without consent will be shredded. The forms of students with consent 
will be assigned a letter and a number, randomly. In other words, if the student is in 
“Teacher A’s” class, the form can be assigned “A-1, A-2, A-3” and so on. A master list 
of student and teacher identities will be kept locked in the researcher’s advisor’s office. 
Any documentation including participant identifiers will be destroyed one year following 
the PI’s dissertation defense(DD). All consent and assent forms will be destroyed three 
years following the PI’s DD. 
Participant decision whether or not to participate, along with student consent will 
be kept confidential; only the PI and the PI’s advisor will be aware of the 
preferences of individual participants. 
Participant survey responses will not be shared with anyone except for the PI and the PI’s 
advisor. Any and all published results will be kept anonymous and confidential. Please 
note that all students will take the survey during their class period. Only consented 
surveys will be used in the study. 
What happens to the information collected for this research? 
To the extent allowed by law, we limit the viewing of your personal information to 
people who have to review it. We cannot promise complete secrecy. The IRB, Temple 
University, Temple University Health System, Inc. and its affiliates, and other 
representatives of these organizations may inspect and copy your information.  
Data collected during this study will be retained for use in the PI’s dissertation. Raw data, 
including completed surveys and consent forms, will be kept in the PI’s advisor’s office. 
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Signature Block for Adult Subject Capable of Consent 

 

 
 

  

Your signature documents your permission to take part in this research.  

 
 

  

Signature of subject  Date 

 
 

Printed name of subject 

   

Signature of person obtaining consent  Date 

   

Printed name of person obtaining consent   
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APPENDIX F 

STUDENT PARENTAL CONSENT FORM 

Title of research: Elementary Student Perception of their Teacher’s Self Efficacy, 
Interest, and Enjoyment in Science and Science Teaching 
Investigator and Department: Noelle A. Luccioni, Ed.M, Temple University College of 
Education Department of Math and Science Education 
Why is your child being invited to take part in this research? 
Your child is being invited to take part in a research study because your child is enrolled 
in a third grade class where science it taught.  
What you should know about this research? 

• The “PI” (Principal Investigator) is the person conducting this research. 

• Someone will explain this research to your child. 

• You volunteer your child to be in a research study. 

• Whether or not your child takes part is up to you and your child. 

• You can choose for your child not to take part. 

• You can agree for your child to take part and later change your mind. 

• Your decision will not be held against you or your child. 

• You can ask all the questions you want before and after you decide. 
Who can I talk to about this research? 
If you have questions, concerns, or complaints, contact the research team via email at: 
noelle.a.luccioni@temple.edu or nluccioni@stringtheoryschools.org, or by phone at 
717-813-5860. 
This research has been reviewed and approved by an Institutional Review Board. You 
may talk to them at (215) 707-3390 or e-mail them at: irb@temple.edu for any of the 
following: 

• Your questions, concerns, or complaints are not being answered by the research 
team. 

• You cannot reach the research team. 

• You want to talk to someone besides the research team. 

• You have questions about your rights as a research subject. 

• You want to get information or provide input about this research. 
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Why is this research being done? 
This research is being done to collect information regarding elementary teachers’ beliefs, 
interests, and enjoyment of science and science teaching. In addition to this, this research 
is being collected to obtain 
information about how students perceive their teacher’s beliefs, interests, and enjoyment 
of science and science teaching. 
Current research has unveiled elementary school teachers have low self-efficacy (SE) for 
science teaching. Such low SE is due, in part, to poor preparation in science teaching 
methodology, and a lack of science courses during undergraduate studies (Kırık, 2013). 
Sadler et al. (2013), and current literature suggest that low SE, due to a lack of teacher 
preparation in science, has an impact on student learning.  However, researchers have 
conducted no (or very little) research examining the degree to which students perceive 
the self-efficacy of their teachers in science teaching. Research in this area has the 
potential to inform teacher education and training in science at the elementary level. 
In addition to SE, I consider interest and enjoyment in this study because of their 
relevance to SE and teacher effectiveness. I draw upon the work of Renninger and Hidi 
(2015), which points to the importance of the teacher’s interest in science in support of 
their students’ development of interest in science (p. 18). Those who are more self-
efficacious in a task are more likely to work within the task enthusiastically, and to 
address obstacles more positively than those who are not as self-efficacious in a task; this 
aides in interest development (Renninger and Hidi, 2015, p. 83). I replace enthusiasm for 
a task with enjoyment for a task, as a positive activating emotion, under the idea 
presented by Sinatra, Broughton, & Lombardi (2014) that, “Positive activating emotions 
(e.g., enjoyment) can promote…positive overall achievement” (p. 418). Supported by the 
present literature, I posit that these three constructs are perceivable by the student, as 
displayed by the teacher.  
This study aims to identify teacher self-report of SE, interest, and enjoyment in science 
teaching, and the relationship of such with student perceptions of their teacher’s SE, 
interest, and enjoyment of science teaching. In other words, this study aims to determine 
whether or not teacher self-report of SE, interest, and enjoyment in science matches that 
of how students perceive these same constructs, as reported by their teachers. In an effort 
to achieve this, I will ask students and teachers participating in this study to respond to 
questions that may help me determine perceptions and beliefs about self-efficacy, 
interest, and enjoyment of science teaching. 
How long will your child be involved in this research? 
Teacher and student surveys will be administered at separate times during the study. 
During Week One, the PI will meet with participating teachers to obtain teacher consent, 
explain the study to teachers, to administer the teacher survey, and to give the teachers 
student parental consent forms to distribute to their students at a convenient time, and to 
be collected within one week’s time. After the first week, the PI will contact participating 
teachers to set up an appropriate day to return to collect signed student parental consent 
forms, obtain student assent, and to administer the student beliefs survey. This agreed 
upon day will mark “Week Two”. In Week Two, the PI will visit participating teachers’ 
classrooms. In each classroom, the PI will collect signed student parental consent forms, 
and read student assent forms to students. PI will ask students if they have any questions, 
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and ask students to sign the form. PI will administer the student beliefs survey, collect 
responses, and leave until Week Three. For Week Three, the PI will again contact 
participating teachers to set up an appropriate day to return. Upon this day, the PI will 
once again visit participating teachers’ classrooms. PI will administer the student 
perceptions survey, collect responses, and leave. Data collection concludes at this time. 
How many people will be studied? 
I expect about 250 people will take part in the larger study, including teachers and 
students, if all participants give consent to the project.  
What happens if you agree to let your child participate in this research? 
If consent is granted, your child will be instructed by your child’s teacher to take this 
parental consent home to you in order to obtain permission to participate in this study. 
Your child will have one week to bring parental consent forms back to his/her teacher in 
order to participate in this study. Instructions should take no more than 10 minutes to 
deliver, including answering any questions your child may have. During the first survey 
administration, at Week Two, the PI will read the assent form to your child’s class during 
the regularly scheduled science instruction time, and ask students to sign the assent form. 
At this same time, the PI will administer the first survey. The second survey will be 
administered approximately one week after the first. Surveys will be completed on the 
provided survey response sheets. Survey completion is not to exceed the 45-minute class 
period, barring instructions and questions. Once surveys are complete, the PI will collect 
all surveys, and vacate the class. This process will be repeated approximately one week 
following the first survey administration, to gather responses to the second student 
survey. 
Student survey forms will only be identified long enough to match consent. The forms of 
student participants without consent will be shredded. The forms of students with consent 
will be assigned a letter and a number, randomly. In other words, if the student is in 
“Teacher A’s” class, the form can be assigned “A-1, A-2, A-3” and so on. A master list 
of student and teacher identities will be kept locked in the researcher’s advisor’s office. 
Any documentation including participant identifiers will be destroyed one year following 
the PI’s dissertation defense (DD). All consent and assent forms will be destroyed three 
years following the PI’s DD.  
Participant decision whether or not to participate, along with student consent will 
be kept confidential; only the PI and the PI’s advisor will be aware of the 
preferences of individual participants. 
Participant survey responses will not be shared with anyone except for the PI and the PI’s 
advisor. Any and all published results will be kept anonymous and confidential. Please 
note that all students will take the survey during their class period. Only consented 
surveys will be used in the study. 
What happens to the information collected for this research? 
To the extent allowed by law, we limit the viewing of your personal information to 
people who have to review it. We cannot promise complete secrecy. The IRB, Temple 
University, Temple University Health System, Inc. and its affiliates, and other 
representatives of these organizations may inspect and copy your information.  
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Data collected during this study will be retained for use in the PI’s dissertation. Raw data, 
including completed surveys and consent forms, will be kept in the PI’s advisor’s office. 

 
 

Signature Block for Parental Consent 

Your signature documents your permission for the named child to take part in this 
research. 

 

 Printed name of child 

   

Signature of parent or guardian  Date 

 q Parent 
q Guardian (See note 

below) Printed name of parent or guardian 

 
Note on permission by guardians: An individual may provide permission for a child 

only if that individual can provide a written document indicating that he or she is 
legally authorized to consent to the child’s general medical care. Attach the 

documentation to the signed document. 

   

Signature of person obtaining consent and assent  Date 
 
 

Printed name of person obtaining consent and assent  Date 
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APPENDIX G 

STUDENT ASSENT FORM 

Title of research: Elementary Student Perception of their Teacher’s Self Efficacy, 
Interest, and Enjoyment in Science and Science Teaching 
INVESTIGATOR AND DEPARTMENT: NOELLE A. LUCCIONI, ED.M, TEMPLE 
UNIVERSITY COLLEGE OF EDUCATION DEPARTMENT OF MATH AND SCIENCE 

EDUCATION  

Why am I being invited to take part in this research? 
You are being asked to help with this research because you are a third grader at 
Philadelphia Performing Arts Charter School (PPACS). 

What should I know about this research? 
• The “PI” (Principal Investigator) is the person conducting this research. 

• Someone will explain this research to you. 
• Whether or not you take part is up to you. 
• You can choose not to take part. 
• You can agree to take part and later change your mind. 
• Your decision will not be held against you. 
• You can ask all the questions you want before you decide. 

Who can I talk to about this research? 
If you have questions, concerns, or complaints, contact the research team via email at: 
noelle.a.luccioni@temple.edu or nluccioni@stringtheoryschools.org, or by phone at 717-
813-5860. 
This research has been reviewed and approved by an Institutional Review Board. You 
may talk to them at (215) 707-3390 or e-mail them at: irb@temple.edu for any of the 
following: 

• Your questions, concerns, or complaints are not being answered by the research 
team. 

• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You have questions about your rights as a research subject. 
• You want to get information or provide input about this research. 

Why is this research being done? 

• This research is being done to see how elementary teachers feel about science and 
science teaching. This research is also being done to see how students think their 
teachers feel about science and science teaching. 
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How long will I be in this research? 
Teacher surveys and student surveys will be given at different times. In Week One, your 
teacher will take the teacher survey. Your teacher will hand out needed forms and collect 
these forms within one week. In Week Two, the PI will read student forms to you, ask for 
and answer your questions, and collect signed student forms. You will also complete a set 
of questions asking your views about science. In Week Three, the PI will visit your 
classroom again and ask you to answer a set of questions asking you how you think your 
teacher views science. The PI will not visit your classroom for this research again. 

How many people will be studied? 
About 250 people will take part in this study, if everyone agrees to help with the project. 
This includes teachers and students. 

What happens if I agree to be in this research? 
You are being asked to sign this paper, to agree or not agree to participating in this 
research. Instructions should take no more than 10 minutes to go over, and you may ask 
any question you have. After this form is collected, the PI will ask you to answer the first 
set of questions. These questions ask you about your feelings about science.  
In one week, the PI will be back, and ask you to answer a second set of questions. These 
questions ask you about what you think your teacher’s feelings about science are.  
All questions will be answered on the response sheets the PI gave to you. Answering 
questions will not take longer than your 45-minute class period. When everyone is done, 
the PI will collect all surveys, and leave your classroom. 
Your responses will only be identified long enough to match consent and assent. If you 
and your parent did not agree to participate, your responses will be shredded. If you and 
your parent did agree to participate, your responses will be assigned a letter and a 
number, randomly. In other words, if you are in “Teacher A’s” class, your forms will be 
assigned “A” with a number. 
A list of student and teacher matches will be kept locked in the PI’s advisor’s office. Any 
documentation that tells who is who in this study, will be destroyed one year following 
the PI’s dissertation defense (DD). All permission forms will be destroyed after three 
years following the PI’s DD.  
Permission will be kept private. Only the PI and the PI’s advisor will know the 
preferences of participants. 
Nobody will read responses except for the PI and the PI’s advisor. Any and all published 
results will be kept anonymous and confidential. Please note that all students will take 
the survey during their class period. Only consented/assented surveys will be used in the 
study. 

What happens to the information collected for this research? 
To the extent allowed by law, we limit the viewing of your personal information to 
people who have to review it. We cannot promise complete secrecy. The IRB, Temple 
University, Temple University Health System, Inc. and its affiliates, and other 
representatives of these organizations may inspect and copy your information.  
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Data collected during this study will be retained for use in the PI’s dissertation. Raw data, 
including completed surveys and consent forms, will be kept in the PI’s advisor’s office. 
 

Student Signature Block for Child Subject 
 
 

 
 

 

Your signature documents your permission to take part in this research. 
  

Printed name of child  
   

Signature of child   Date 
   

Signature of person obtaining consent  Date 
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APPENDIX H 

IRB APPROVAL 
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APPENDIX I 

SITE APPROVAL 

 

 


