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ABSTRACT 

SCIENCE TEACHING EFFICACY BELIEFS OF 5TH AND 8TH GRADE SCIENCE 

TEACHERS 

by Susan Melony Hanson 

May 2011 

 The purpose of this study was to determine which, if any, variables had a 

significant relationship to personal science teaching efficacy beliefs and outcome 

expectancies.  The independent variables tested were number of undergraduate 

science methods courses taken, level of teacher education, number of years as a 

classroom teacher, number of years as a science teacher, teacher beliefs 

regarding instructional strategies in science, and teacher beliefs regarding 

student engagement in the science classroom. Through surveys completed by 5th 

and 8th grade science teachers, the researcher analyzed data via multiple 

regressions to determine significance.  Results of the data analysis showed the 

greatest significance was between personal science teaching efficacy beliefs and 

number of years as a classroom teacher, and teacher beliefs regarding 

instructional strategies in science and outcome expectancy and student 

engagement in the science classroom.  Implications for current practice include a 

need for improved teacher education programs for pre-service science teachers, 

collaboration between universities and public school districts, improved methods 

for teacher retention in the science classroom, and the use of hands-on and 

minds-on instruction in the science classroom. 
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CHAPTER I 

PROBLEM 

Introduction 

 In 1989, the American Association for the Advancement of Science’s 

Project 2061 published Science for All Americans.  The purpose of the 

publication was to identify educational practices that would serve to make the 

next generations of students literate in science.  The authors of the publication 

noted that students in the United States rank near the bottom in science when 

compared to international studies of science education performance.  The 

performance of seventeen-year-olds at this time was still lower than performance 

levels in 1969; a statistic also mentioned in A Nation at Risk (1983).  The results 

of these studies spurred a reform movement in science education.  Wixson, 

Dutro, and Athan (2003) stated “This modern reform movement has been 

characterized by efforts to create new policy instruments, to elicit, encourage, or 

demand changes in teaching and learning, and reduce the tangles of regulation, 

bureaucracy, proliferating policy, and incoherent governance that would impede 

reform” (p. 70). 

Reform in Science Education 

Southerland et al. (2007) noted the science reformation movement was 

led by the American Association for the Advancement of Science (AAAS), the 

National Science Teachers Association (NSTA), and the National Research 

Council (NRC).  The collaboration of these groups resulted in “visions for science 

learners, standards for content, teaching and assessment; and descriptions of 
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systemic changes needed to enact these standards” (Southerland et al., 2007, p. 

47).  The AAAS provided a definition of scientific literacy which was published in 

Science for All Americans (1989).  The NSTA and NRC published the National 

Science Education Standards (1996) which set forth the standards for science 

teaching, professional development, assessment, content, programs, and 

systems.  The following points detail the beliefs of the groups for science reform: 

1.  The goal of science education is to prepare people to lead personally  

      fulfilling and responsible lives. 

2.  Democratic equality in science can be achieved by ensuring that  

      students become scientifically literate. 

3.  Acquiring scientific literacy is no longer thought to be the goal for a  

      select segment of the student population. 

4.  Inquiry is central to science education reform.   

5.  Students bring knowledge with them into the classroom and build from  

      this knowledge to construct new scientific understandings. 

6.  The changes called for will be a slow, laborious process that will   

      require a long-term, sustained effort.  (Southerland et al., 2007, p. 48) 

Researchers have also noted a conflict in communication between 

educators and policy makers with regard to science education reform.  Because 

No Child Left Behind (NCLB), which is currently being reauthorized as the 

Elementary and Secondary Education Act (ESEA), mandates that science test 

scores are now a part of adequate yearly progress (AYP), it is imperative that 

improvements to science education are put into place (United States Department 
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of Education, 2010).  A clear line of communication between educators and 

policymakers must be present to ensure all aspects of science education reform 

are met.  Southerland et al. (2007) suggested the idea of first-order/second-order 

change for the lead in reformation.  The researchers defined first-order change 

as small changes to existing practices “e.g., changes in texts, number of students 

in a classroom, length of day, equipment” (p. 46).  On the other hand, second-

order change is “meant to alter the fundamental patterns of schooling; these 

changes are much more radical and transformative because they challenge the 

structures and rules that constitute traditional schooling practices… science 

education reforms…represent an attempt to enact second-order change” (p. 46).   

The Framework for Science Education Reform 

Constructivism 

 Gunel (2008) stated “Constructivism as a learning theory, therefore, 

emphasizes the role of the learner’s existing conceptual structure in making 

sense of the new learning experience” (p. 220).  Constructivism is based on 

differing theories and practices; however, two basic beliefs underlie the premise:  

learners actively construct knowledge rather than learning information through 

transmission and educators must change curricula, classroom exchanges, and 

classroom dynamics (Gunel, 2008).  Many theorists including Jean Piaget, Lev 

Vygotsky, Jerome Bruner, and John Dewey, can be credited with different 

theories regarding constructivism. However, the fundamental premises of these 

theories involve the construction of knowledge by children through thinking and 

interaction (Green & Gredler, 2002).  Other researchers have further suggested 
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that the effective teaching and learning of science should involve cooperative 

groups working together in a learning community (Liang & Gabel, 2005).   

Standards-Based Instruction 

 The 1983 publication of A Nation at Risk made the public aware of the 

need for improvements in education in the United States, more specifically, 

science education with standards and inquiry-based instruction.  Standards-

based instruction involves not only standards for content, but standards for 

performance and opportunities to learn as well.  Proponents of standards-based 

instruction argue there are three integral components needed for the 

implementation of standards-based instruction.  Wixson et al. (2003) stated these 

components as: 

 (a) establishing challenging academic standards for what all students 

 should know and be able to do; (b) aligning policies—such as testing, 

 teacher certification, and professional development—and accountability 

 programs to the standards; and (c) restructuring the governance system to 

 delegate overtly to schools and districts the responsibility for developing 

 specific instructional approaches that meet the standards for which the 

 state holds them accountable.  (p. 71) 

Thompson (2009) noted that advocates for science education reform support the 

use of standards-based instruction because research shows it improves teacher 

practices, student learning, and the quality of science instruction.   

Swanson and Stevenson (2002) noted although reform movements have 

garnered national attention and support, the ultimate decision to move to 
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standards-based instruction ultimately fell to the individual states, the majority of 

which have embraced the transition to standards-based instruction.  Ultimately, 

four cornerstones emerged in response to changes in curricula throughout the 

states.  These cornerstones were (a) content standards which detailed superior 

academic materials students must learn, (b) performance standards which 

detailed student mastery of required content, (c) aligned assessments which 

would test students statewide to measure performance in certain content areas, 

and (d) professional standards which set forth certification requirements to 

ensure teachers are skilled in teaching methods and subject knowledge 

(Swanson & Stevenson, 2002).  Researchers have also noted the establishment 

of standards in school systems could enhance equal opportunities for all students 

(O’Day & Smith, 1993; Pajak, 2001). 

Inquiry-Based Instruction 

 Colburn (1998) stated “Ideally, in an inquiry-based classroom authentic 

investigation is common…investigation may be stimulated by a problem posed 

by the teacher…or by students’ natural curiosity” (p. 16).  Keys and Bryan (2001) 

suggested that the National Science Education Standards promoted inquiry as 

the central tenant for science teaching.  Students must have the abilities to 

engage in and understand scientific inquiry.  The ability to engage in scientific 

inquiry includes (a) identifying and posing questions, (b) designing and 

conducting investigations, (c) analyzing data and evidence, (d) using models and 

explanations, and (e) communicating findings.  The ability to understand scientific 
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inquiry includes knowing the processes used by scientists and knowledge of 

scientific concepts (Keys & Bryan, 2001).   

Keys and Bryan (2001) further noted Nespor’s (1978) frameworks for 

teacher beliefs which stated “they are episodic (based on story), affective (value 

laden), and are built on existential presumptions (making abstract attributes such 

as ability real entities).  These elements of a belief system may significantly affect 

how teachers implement inquiry-based instruction” (p. 635).  Von Secker (2002) 

noted the Standards advocate a shift from teacher-centered lessons which use 

textbooks and lectures to:  

 inquiry-oriented approaches that (a) engage student interest in science, 

 (b) provide opportunities for students to use appropriate laboratory 

 techniques to collect evidence, (c) require students to solve problems 

 using logic and evidence, (d) encourage students to conduct further study 

 to develop more elaborate explanations, and (e) emphasize the 

 importance of writing scientific explanations on the basis of evidence. (p. 

 151) 

Teacher Self-Efficacy and Science Teaching Efficacy 

Bandura (1977) defined self efficacy as “the conviction that one can 

successfully execute the behavior required to produce the outcomes” (p. 193).  

Bandura’s theory was founded on the belief that psychological actions in any 

form shaped and strengthened self-efficacy.   Two sub-scales of self-efficacy are 

personal expectations and outcome expectations.  Outcome expectancies are 

the beliefs people hold that certain behaviors will result in certain outcomes; 
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whereas, personal expectations are the beliefs people hold that they can 

successfully engage in the necessary behaviors to produce desired outcomes. 

Efficacy expectations are based on information from four areas:  (a) performance 

accomplishments, (b) vicarious experiences, (c) verbal persuasion, and (d) 

physiological states.  Each of these areas has varying modes of generation 

(Bandura, 1977).  Riggs and Enochs (1989) stated “though science is required of 

all students in elementary school … elementary teachers do not usually teach 

science as a high priority … in a way that enhances student achievement” (p.3).  

The researchers also suggested that many teachers do not teach science in an 

effective manner because of low levels of self-efficacy and more specifically, 

science teaching efficacy.  The ability to determine teacher efficacy regarding 

science teaching could contribute to the changes needed for improvements in 

science achievement (Riggs & Enochs, 1989). 

Reform in Mississippi 

The Mississippi Department of Education reformed the frameworks for 

science education in the state with the goal of raising test scores and to no 

longer be ranked last nationwide.  The new framework implemented in 2010 set 

forth new goals for science education in Mississippi.  These goals included (a) 

engaging in the national promotion of science, (b) the improvement of science 

education in Mississippi through research-based development of science 

standards and, (c) improved guidance and direction for planning instruction.  

Mississippi educational leaders determined research-based foundations for this 

change in the science framework.  The new standards set forth were aligned to 
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the 2009 National Assessment of Educational Progress (NAEP) science 

framework and National Science Standards and also included Depth of 

Knowledge (DOK) levels for each objective in every grade.  The new framework 

was more challenging than the previous one because each grade and course 

contained (a) an inquiry strand, (b) science process skill, (c) critical thinking and 

problem solving skills, (d) allowed for conceptual development, and (e) vertically 

aligned objectives to allow scaffolding and spiraling of the framework (Mississippi 

Department of Education Office of Student Assessment, 2010). 

Statement of the Problem 

Recent research has determined that there is a significant deficit in 

science education in the United States.  In September of 2008 the Mississippi 

Department of Education released the goals for the 2010 Mississippi Science 

framework.  The goals included; (a) embracing the promotion of science, (b) 

implementing steps to improve science education, (c) implementing research-

based science standards, and (d) improving planning and instruction.  These 

changes came as a result of the 2005 NAEP report.  According to the 2005 

NAEP statistics report, fourth and eighth grade students in Mississippi rank the 

lowest of all states in science assessment.  It is for these reasons that 

improvement in science education must take place in classrooms throughout 

Mississippi (Mississippi Department of Education Office of Student Assessment, 

2010). 

Researchers have determined that self-efficacy in science teaching can 

have an impact on science achievement.  Personal expectations and outcome 
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expectations are two measures of science teaching efficacy.  The expectation 

measures are based on information from four areas which have varying modes of 

generation (Bandura 1977).  Riggs and Enochs (1989) further noted that low 

levels of self-efficacy result in ineffective instruction in the science classroom.  

Determining science teaching efficacy, more specifically personal science 

teaching efficacy and science teaching outcome expectancy, could lead to 

positive results in student science achievement. 

Research Questions and Hypotheses 

The purpose of this study was to determine if relationships exist between 

personal science teaching efficacy and science teaching outcome expectancy 

and the identifying variables (a) number of undergraduate science methods 

courses, (b) level of teacher education, (c) number of years as a classroom 

teacher, and (d) number of years as a science teacher. The study was also an 

attempt to determine if relationships exist between personal science teaching 

efficacy and science teaching outcome expectancy and the variables of (a) self-

efficacy beliefs about student engagement and (b) self-efficacy beliefs about 

instruction.  From these research questions the following specific hypotheses 

emerged that were explored in this study: 

H1:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to science teaching outcome 

expectancy. 
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H2:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to personal science teaching 

efficacy. 

H3:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to personal science teaching efficacy. 

H4:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to science teaching outcome expectancy. 

Definition of Terms 

 For this study the following terms are relevant to the topic being studied.  

Definitions for each of the terms are listed below. 

• Constructivism - knowledge that a learner did not gather solely from 

teachers;  instead the learner’s knowledge was constructed by the 

individual learner 

• Inquiry-based instruction - inquiry-based practices are the best method for 

science instruction because teachers do not rely strictly on traditional 

instructional strategies such as, textbooks and lectures. Inquiry-based 

instruction provides ample opportunities for students to engage in thinking 

and questioning of concepts.   

• Level of teacher education - undergraduate bachelor’s degree or graduate 

degrees which include (a) master’s degree, (b) master’s degree through 

the alternative route, (c) specialist’s degree, and (d) doctoral degree. 
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• Number of undergraduate science methods courses taken - those courses 

which are related to teaching science.  This did not include courses that 

would be found as requirements in degrees for science and technology or 

prerequisite courses normally taken in the first two years of an 

undergraduate program.  Examples of these courses would be, but are not 

limited to, biology, anatomy and physiology, physical science, and 

environmental biology. 

• Number of years as a classroom teacher - the total number of years the 

participant has taught in a public or private school. 

• Number of years as a science teacher - the total number of years the 

participant has taught science in a public or private school.  This definition 

also includes the teaching of science only or in conjunction with other 

subjects. 

• Personal science teaching efficacy - the confidence the science teacher 

has in his or her ability to successfully teach science. 

• Science education reform – the movement to improve science education 

in the United States. 

• Scientific literacy - the knowledge and understanding of scientific concepts 

in conjunction with the ability of students to ask and answer questions 

stemming from curiosity about daily occurrences, the ability of students to 

read and understand scientific articles, and the ability of students to 

identify scientific issues related to political decisions on both a local and 

national level.  Issues related to political decisions include environmental 
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laws and anti-terrorism laws regarding defense against nuclear and 

biological warfare. 

• Science teaching outcome expectancy - the belief of the science teacher 

those students in his/her science classroom will be influenced by effective 

teaching. 

• Self-efficacy beliefs about student engagement - the beliefs teachers hold 

regarding engaging students in science lessons and activities. 

• Self-efficacy beliefs about instruction - the beliefs teachers hold regarding 

his or her ability to design and implement successful science lessons. 

• Standards-based instruction - standards-based instruction involves 

common teaching goals for teachers, a consistent and logical guide for 

instruction, and an equal opportunity for students of all languages, 

ethnicities, socioeconomic status, and level of learning to become 

scientifically literate. 

Delimitations 

 The study was delimited in the following ways: 

 1.  Only science teachers in five counties were used as participants. 

 2.  Only fifth and eighth grade science teachers were asked to participate. 

 3.  This study did not measure the subject knowledge of the participating   

      science teachers. 

 4.  This study did not measure student perceptions of science and the  

      science classroom. 
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5.  This study did not measure teacher curriculum planning or alignment  

      for science. 

Assumptions 

 There are assumptions that underlie the study.  These assumptions were: 

1.  The participants answered all questions honestly. 

2.  All participants have some expertise in science teaching. 

Justification 

 The first purpose for conducting this study was the result of data analysis 

for fifth and eighth grade Mississippi Science Test (MST) scores.  The mean 

scores for the 2008-2009 school year were 556.6 for fifth grade and 854.00 for 

eighth grade (Mississippi Department of Education Office of Student 

Assessment, 2010).  This places fifth and eighth grade means in the basic range.  

These statistics are of concern because science test scores are a part of 

adequate yearly progress (AYP). If states are not performing at the proficient or 

advanced level in science AYP will be adversely affected. This could result in 

non-compliance with the requirements of NCLB and the current proposed 

reauthorization of NCLB known as the Elementary and Secondary Education Act 

(ESEA).   

 A second purpose for conducting this study was the researcher’s personal 

beliefs regarding the importance of science in schools.  Many students are 

choosing fields of study other than science due to many contributing factors.  

Singh, Granville, and Dika (2002) stated: 
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 The middle school years, Grades 5 through 8, are a critical period for 

 American students regarding achievement in mathematics and science.  

 Achievement in these subjects in middle school determines high school 

 curricular choices and enrollment in higher level mathematics and science 

 courses.  These curricular opportunities and choices further influence 

 access to postsecondary and occupational opportunities. (p. 323) 

The researchers further suggested because of the sequential nature of these 

courses, success in the middle grades was essential to enrollment in advanced 

courses in later grades (Singh et al., 2002). 

 With this information in hand, research was conducted to determine what 

factors could be influencing test scores.  From this research it was determined 

that one of the emerging fields of study regarding science education was science 

teaching efficacy.  After a thorough review of the literature the researcher came 

to the conclusion that further studies of subject specific efficacy beliefs, science 

in particular, was warranted.  Results of this study offer several potential benefits 

which include:  (a) improvement in MSST scores for both fifth and eighth grade 

students, (b) improvement in personal teacher beliefs that science can be taught 

successfully, (c) improvement in professional development for in-service 

teachers, (d) improvement in preparation of pre-service teachers for teaching 

science in elementary and secondary classrooms, (e) improvement in science 

curricula for Mississippi school districts, and (f) improvement in national rankings 

for Mississippi science test scores.  The results of this research will meld into the 

current literature because researchers are now focusing on more subject specific 
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efficacy beliefs of teachers.  This study will also be pertinent to the literature 

because it addresses components that are essential to the current science 

education reform movement. 
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CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

This study examined the relationship of science teaching efficacy beliefs 

and teacher efficacy beliefs about student engagement in science and 

instructional practices in science.  This chapter will address the history of science 

education in the United States, the theoretical framework for this study, the need 

for reform in science education which will include student engagement in science 

and instructional practices in science, teacher self-efficacy, and the requirements 

mandated by the Mississippi State Department of Education and the United 

Stated Department of Education for science.  The review of literature for the 

theoretical framework will address constructivism and the major theorists 

associated with the theory.  With regard to reformation of science education, this 

review will address the need for scientific literacy through standards-based and 

inquiry-based instruction, the need for improved staff development for in-service 

teachers, the need for improved teacher education programs to prepare pre-

service teachers, and how students should be engaged in the science classroom.   

The History of Science Education in the United States 

In 1989, the American Association for the Advancement of Science’s 

Project 2061 published Science for All Americans.  The purpose of the 

publication was to identify educational practices that would serve to make the 

next generations of students literate in science.  The authors of the publication 

noted that students in the United States rank near the bottom in science when 
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compared to international studies of science education performance.  The 

performance of seventeen-year-olds at this time was still lower than performance 

levels in 1969; a statistic also mentioned in A Nation at Risk (1983).  In 

September of 2008 the Mississippi Department of Education released its goals 

for the 2010 Mississippi Science framework.  The goals included, (a) embracing 

the promotion of science, (b) implementing steps to improve science education, 

(c) implementing research-based science standards, and (d) improving planning 

and instruction.  These changes come as a result of the 2005 NAEP report.  

According to the 2005 NAEP statistics, fourth and eighth grade students in 

Mississippi rank the lowest of all states in science assessment (Mississippi 

Department of Education Office of Student Assessment, 2010).  It is for these 

reasons that improvement in science education must take place in classrooms 

across the United States. 

Mintzes and Wandersee (2005) stated “the history of science education in 

the United States is characterized by large-scale, recurring, and at times 

disruptive and detrimental shifts in curricular emphases and instructional 

practices at the elementary and secondary school levels” (p. 29).  The authors 

further stated “Typically these shifts reflect a response to some real or imagined 

threat posed by domestic or international circumstances in the political, social, 

economic, or military areas” (p. 29).  Although science teachers have not taken 

on the entire burdens of these shifts, they have endured more disorder due to the 

role science has played in national defense. 
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The push for improvements in science education can be dated back to the 

launch of Sputnik.  Rigdon (2007) noted the October 4, 1957 launch of Sputnik 

led to a time of firm influences of the scientific community on politicians.  

Beginning in 1957, Dwight D. Eisenhower actively sought advice from top 

scientists until the end of his presidency.  As a result of the newly dubbed “race 

to space,” came the formation and/or improvement of agencies to improve 

science and mathematics education in the United States.  Of these agencies 

were most notably The National Science Foundation (NSF) and The National 

Aeronautics and Space Administration (NASA).  As a response to the launch of 

Sputnik, Congress tripled the portion of funding education for the NSF’s 

appropriated budget.  On July 29, 1958, Congress passed the National 

Aeronautics and Space Act which led to the official beginning on October 1, 1958 

of NASA (Rigdon, 2007). 

For fifteen years improvement to science and mathematics education was 

of vital importance in the United States.  However, the fervor to put the United 

States on top in the field of science waned and once again the subject of science 

was literally forgotten (Bybee, 2007).  Some researchers would argue that a new 

Sputnik-event would solve the problem.  Bybee noted there would never be 

another Sputnik, however; an era of significant reforms in science, technology, 

engineering, and mathematics was needed to ensure the United States had 

scientifically literate individuals.  Bybee further noted reforms should include the 

development of new instructional materials for science and technology, 

certification of science teachers should be aligned with national standards, and 
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keeping the public aware of what school science reform is and why it is beneficial 

to students (Bybee, 2007). 

Other researchers would argue a Sputnik-event has already occurred.  

The 1983 publication of A Nation at Risk made the dilemma of science education 

in the United States public knowledge.  The preeminence of the United States in 

science had been overtaken by other countries, and there had been a consistent 

decline in science achievement scores since 1969.  Researchers determined that 

students in the United States were scientifically illiterate, and a commitment to 

life-long learning must be present to solve problems in science education.  It was 

concluded from the research findings that educational declines in the United 

States were a result of inadequacies in content, expectations, time, and teaching.  

The researchers recommended a strengthening of graduation requirements, 

more rigorous and measurable standards in schools, and improved teacher 

preparation programs with all of the recommendations being specifically related 

to science education (A Nation at Risk, 1983).   

In 2008 the National Center for Education Statistics, Institute of Education 

Sciences released The Condition of Education 2008.  Indicator nineteen was the 

international comparison of science literacy based on the 2007 Program for 

International Student Assessment’s (PISA) findings.  The report was in regard to 

science literacy of 15-year-olds.  The researchers determined that the average 

science literacy score in the United States was 489 which fell below the 

international average of 500.  When specific science sub-skills were examined, it 

was determined that students in the United States were deficient in explaining 
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phenomena scientifically and in using science evidence. The key element 

identified as being imperative to science education reform was what students 

should know and be able to do in science.  Educators have articulated a need for 

a new view of science achievement.  To support this idea, a balanced approach 

which considers alternatives and changes in science is needed.  The problem in 

achieving this balance is finding a viable way to combine traditional and 

alternative perspectives of science (National Center for Education Statistics, 

2008). 

Theoretical Basis for Reform 

Mintzes and Wandersee (2005) suggested that reform of science 

education should include reformations of the current curriculum and classroom 

practices of teachers.  The researchers further noted that science teachers 

needed to understand the desired reforms, become acquainted with reform 

leaders, and evaluate the necessary changes with regard to the impact on 

student learning and achievement in science.  The failure of teachers to embrace 

the proposed changes can lead to control of standards and teaching practices in 

the science classroom that would be delegated by people other than educators. 

Constructivism 

The reform movement for science education was led by the theory of 

constructivism (Erdogan & Campbell, 2008). Constructivism can be defined as 

knowledge that a learner did not gather strictly from teachers, instead the 

learner’s knowledge was constructed by the individual learner (Matthews, 2003; 

Peters, 2006).  Gunel (2008) stated “Constructivism as a learning theory, 
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therefore, emphasizes the role of the learner’s existing conceptual structure in 

making sense of the new learning experience” (p. 220). The implications for 

science education were ground-breaking due to social constructivist doctrines 

(Slezak, 2001; Peters, 2006).  In Science for All Americans (1989), the authors 

did not explicitly define constructivism; however, the authors stated “People have 

to construct their own meaning regardless of how clearly teachers or books tell 

them things.  Concepts are learned best when they are encountered in a variety 

of contexts and expressed in a variety of ways” (Chapter 13, para. 4).  When 

students learn in this manner it is assured that information becomes imbedded in 

their knowledge.   Powell and Kalina (2009) noted that for students to be able to 

construct knowledge, the teacher must know each student’s current stage of 

knowledge.   

Colburn (1998) stated “From a constructivist viewpoint, science teaching 

involves helping students understand how and why some knowledge explains 

and predicts more accurately than other (prior) knowledge (or beliefs) by 

providing experiences and opportunities that encourage students to construct 

accurate knowledge” (p. 11).  Colburn further stated “Because no student is void 

of knowledge … learning science involves replacing some ideas with others … 

students must be makers of knowledge” (p. 11).  In order for science teachers to 

apply constructivist principles they must help students change their thinking.  

Science teachers must make students discontented with misconceptions, a belief 

related to Piaget’s equilibration theory.  This dissatisfaction with concepts was 

not the only element of reformation needed to move toward a constructivist view 
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of science teaching.  The researcher noted a shift to inquiry-based teaching was 

imperative (Colburn, 1998). 

Constructivist Theorists 

 John Dewey. Dewey can be considered one of the most influential 

theorists of educational practices.  Although a student of philosophy, Dewey and 

his wife worked collaboratively to develop the best methods for education.  

Dewey was a progressive educator who shared the beliefs of Vygotsky, 

Montessori, and Piaget (Mooney, 2000).  Mooney stated these beliefs as 

“education should be child centered; education must be both active and 

interactive; and education must involve the social world of the child and the 

community” (p.4).  Dewey’s beliefs regarding how children learn best are as 

follows: 

 1.  Children learn best when they interact with other people, working both  

      alone and cooperatively with peers and adults. 

 2.  Children’s interests form the basis for curriculum planning. 

 3.  Education is a part of life.  As long as people are alive, they are   

      learning, and that education should address what the person needs to  

      know at the time, not prepare them for the future.  He further   

      believed that curriculum should grow out of the real home, work, and  

      other life situations. 

 4.  Teachers must be sensitive to the values and needs of families.  These 

      should be reflected in and deepened by what happens at school. 
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 5.  Teachers do not teach just subject matter, but also how to live in  

      society.  Dewey also felt that teachers did not just teach individual  

      children, but also shape society. (Mooney, 2000, p. 5) 

Dewey further believed that when students were interested in what was being 

presented and could relate the concepts to real life, learning was enjoyable 

(Mooney, 2000).  Howes (2008) noted the use of Dewey’s educative experiences 

enabled teachers to better understand the concepts of real-world and hands-on 

learning in the science classroom.  Dewey further believed that teachers should 

be confident when planning lessons and the curriculum used in the classroom 

should be based on the teacher’s knowledge of the students and their abilities 

(Mooney, 2000).   

 Jerome Bruner. Educated as a psychologist, Jerome Bruner became a 

proponent of education in the 1950s.  Bruner authored the highly successful book 

The Process of Education:  A Landmark in Educational Theory.  In the book, 

Bruner noted the belief that children had the ability to understand basic science 

concepts at an early age.  Bruner argued that science curriculum should be 

designed as a scaffold to cultivate these early abilities (Bruner, 1977).  Bruner 

can clearly be noted as a proponent of constructivism and science education as 

evidenced by this statement: 

 we have reached a level of public education in America where a 

 considerable portion of our population has become interested in a 

 question … “What shall we teach and to what end?”  The new spirit 

 perhaps reflects the profound scientific revolution of our times as well.  
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 The trend is accentuated by what is almost certain to be a long-range 

 crisis in national security, a crisis whose resolution will depend upon a 

 well-educated citizenry. (p. 1) 

Bruner further stated “massive general transfer can be achieved by appropriate 

learning, even to the degree that learning properly under optimum conditions 

leads one to “learn how to learn” (p. 6). 

 Jean Piaget.  The concept of cognitive constructivism was developed by 

Jean Piaget. Although he had not planned on working with children, Piaget was a 

major contributor to the field of education (Mooney, 2000). Piaget’s (1953) focal 

point for constructivism involved the individual child and how that child 

constructed knowledge.  Working with children at the Alfred Binet Laboratory 

School, Piaget began to question the thought process of children while observing 

similarities at certain ages of wrong answers given by the children.  The 

subsequent work completed by Piaget gave a profound view of how children 

create knowledge (Mooney, 2000).  

Piaget believed that humans could not immediately understand knowledge 

given to them.  Instead they had to use the information given and construct their 

own knowledge.  Piaget further believed children constructed schemas through 

the process of assimilation and accommodation.  This process occurred during 

four different developmental stages, sensorimotor (ages zero to two), 

preoperational (ages two to seven), concrete operational (ages seven to 11), and 

formal operational (ages 11 to adulthood).  The learning abilities of children in 

each stage were based on logical development.  The idea of assimilation and 
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accommodation were what Piaget believed helped children determine 

equilibration which occurred with the transition of one stage to the next.  Until 

children can assimilate and accommodate new information Piaget stated they 

were in a state of disequilibrium. Piaget held the belief that teachers must 

understand the stages of development to know if students were able to grasp 

concepts logically.  Only when students were clear on the attainment of concepts 

logically could effective learning occur (Piaget, 1953; Powell & Kalina, 2009).  

Lev Vygotsky.  Vygotsky began his career as a secondary literature 

teacher.  Through classroom experiences, Vygotsky became interested in 

cognitive and language development and their relationship to learning.  By 

studying the work of Sigmund Freud, Jean Piaget, and Maria Montessori, 

Vygotsky determined some children needed more assistance with learning than 

others (Mooney, 2000).  Mooney (2000) stated: 

Vygotsky has changed the way educators think about children’s 

 interactions with others.  His work showed that social and cognitive 

 development work together and build on each other.  Although Vygotsky 

 shared Piaget’s views that children’s knowledge was constructed from 

 personal experience, he thought that personal and social experience 

 cannot be separated. (p. 82) 

Social constructivism can be beneficial to students because there are high 

levels of collaboration and social interaction involved.  The concept of social 

constructivism was developed by Lev Vygotsky.  Vygotsky held the belief that 

social integration was a vital part of learning.  The theory of social constructivism 
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was based on Vygotsky’s ideas regarding the social interactions of students in 

the classroom setting combined with each individual student’s processes of 

critical thinking.  Social constructivism included the language aspects of 

Vygotsky’s theory of development (Powell & Kalina, 2009).  One of Vygotsky’s 

main learning theories was the zone of proximal development (ZPD) which he 

defined as” the place at which a child’s empirically rich but disorganized 

spontaneous concepts meet the sytematicity and logic of adult reasoning.  As a 

result of such a meeting, the weaknesses of spontaneous reasoning are 

compensated by the strengths of scientific logic” (Vygotsky, 1986, p. xxxv).  

Scaffolding and cooperative learning were also recognized as integral parts of 

social constructivism.  Researchers have stated that scaffolding supported the 

ZPD and enabled students to progress to the next level of learning.  In addition to 

scaffolding, Vygotsky believed that social interaction in conjunction with cultural 

influences affected students and their ability to learn (Vygotsky, 1986; Powell & 

Kalina, 2009).   

Reformed Science Teaching and Learning 

Society has evolved to the point that people must have the ability to solve 

complex problems and an understanding of science and technology.  The need 

for these skills was a result of two major changes in society; global issues that 

are technological in nature and modern economies that have become saturated 

in technology.  Because of these changes, reform in science education is a 

necessity.  Research has shown students are not gaining science literacy in their 

classes (Wieman, 2006).  In order for a reformation in science education to 
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occur, all reform must be based on scientific teaching.  This form of teaching 

involves active learning strategies that engage students in the process of 

science.  Scientific teaching strategies have been tested and proven reliable for 

reaching all students.  Researchers stress that the foundation for learning these 

strategies must be addressed in teacher education programs (Handelsman et al., 

2004). 

Scientific Literacy 

The publication of Science for All Americans led the way for science 

education reform that was based on scientific teaching.  Scientific teaching 

should include strategies in which the student would be actively involved in the 

science process, and these strategies should be proven through research 

(Handelsman et al., 2004).  Because there is a national goal for all students to be 

scientifically literate, The National Research Council set forth the National 

Science Education Standards in 1996.  These standards were formed to ensure 

American students had the resources and instructional strategies necessary to 

achieve the national goal of scientific literacy.  Scientific literacy was defined in 

the Standards as “the knowledge and understanding of scientific concepts and 

processes required for personal decision making, participation in civic and 

cultural affairs, and economic productivity” (p. 22).  Scientific literacy includes the 

ability of students to ask and answer questions stemming from curiosity about 

daily occurrences, the ability of students to read and understand scientific 

articles, the ability of students to identify scientific issues related to political 

decisions on both a local and national level.  Southerland et al. (2007) stated, 
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The science education research community will not, and should not, 

reverse its focus on scientific literacy for all to more efficient performance 

on standardized tests.  Scientific literacy entails construing effective 

science teaching as a practice that results in students’ construction of 

applicable, meaningful, and useful knowledge. (p. 46) 

The Standards (1996) included (a) standards for science teaching, (b) 

professional development for science teachers, (c) assessments in science, (d) 

science content, (e) science education programs, and (f) science education 

systems.  Each of the standards was designed to emphasize excellence and 

equity and the need to understand that science is more than a process.  The 

council stated “Inquiry is central to science learning … importance of inquiry does 

not imply that all teachers should pursue a single approach to teaching science 

… teachers need to use many different strategies to develop the understandings 

and abilities described in the Standards” (p. 2).  Roth (2007) further noted that 

scientific literacy was collective and emergent and should not be hybridized into 

classrooms where no scientific communication or literacy could exist.  Liang and 

Gabel (2005) stated “Whereas the vision of science education described in the 

Standards requires changes throughout the entire education system, the success 

of the reform in science education will eventually depend on teachers” (p. 1143). 

Instructional Practices/Standards-Based Instruction 

The foundation for inquiry-based learning was standards-based 

instruction.  Researchers have determined that standards-based instruction was 

effective for science teaching.  In a study conducted by Thompson in 2009, 
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evidence was found that models such as the P3 Model (Preparation, Practice, 

and Performance) were reliable for helping schools that were experiencing 

difficulties with reforming science education and curricula.   

 The reform movement for standards-based education began in the 1990s.  

This movement advocated high standards for all students and was grounded in 

three principles which were (a) students should be engaged in challenging 

subject matter, (b) students should develop critical thinking skills, and (c) 

students should be able apply abstract knowledge to solve real-world problems.  

Although reform movements have garnered national attention and support, the 

ultimate decision to move to standards-based instruction ultimately fell to the 

individual states, the majority of which have embraced the transition to 

standards-based instruction.  Ultimately, four cornerstones emerged in response 

to changes in curricula throughout the states.  These cornerstones were (a) 

content standards which detailed superior academic materials students must 

learn, (b) performance standards which detailed student mastery of required 

content, (c) aligned assessments which would test students statewide to 

measure performance in certain content areas, and (d) professional standards 

which set forth certification requirements to ensure teachers are skilled in 

teaching methods and subject knowledge (Swanson & Stevenson, 2002). 

There has been widespread agreement regarding the use of standards to 

improve the academic performance of students.  The supporters of standards-

based instruction purport many positive aspects of this form of instruction.  Some 

of these positive aspects include,(a) common teaching goals for teachers, (b) a 
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consistent and logical guide for instruction, and (c) an equal opportunity for 

students of all languages, ethnicities, socioeconomic status, and level of learning 

to become scientifically literate (Ogawa, Sandholtz, Martinez-Flores, & Scribner, 

2003). 

Instructional Practices/Inquiry-Based Instruction 

In order for teachers to be effective teachers of science they must not only 

establish a collaborative environment within the classroom, but with colleagues 

as well.  This can only be achieved if teachers possess knowledge of theory and 

practices related to science learning and teaching.  Key to this knowledge is the 

concept of inquiry-based classrooms (National Science Education Standards, 

1996).   

Researchers have determined that inquiry-based practices were the best 

method for science instruction because students were given the chance to 

enhance higher order thinking skills while concurrently learning scientific 

concepts (Heppner, Kouttab, & Croasdale, 2006). Inquiry-based classrooms do 

not use traditional instructional strategies such as, textbooks and lectures.  

Instead of this more teacher-centered approach, Von Secker (2002) stated  

inquiry-oriented approaches … engage student interest in science, provide       

opportunities for students to use appropriate laboratory techniques …, 

solve problems using logic and evidence, encourage students to conduct 

further study to develop more elaborate explanations, and emphasize the 

importance of writing scientific explanations on the basis of evidence. 

(p.151)   
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Gunel (2008) stated that teachers who used traditional approaches 

presented science “as an accumulation of facts, theories, and rules that students 

have to memorize and practice” (p. 209).  The results of these teaching methods 

were a decline in understanding science concepts, popularity of science, and the 

choice of science subjects as a specialization (Gunel, 2008; Millar, Osborne, & 

Nott, 1998).  In order to create inquiry-based classrooms teachers must be 

proficient in questioning.  This includes teacher knowledge of students’ 

backgrounds and proper implementation and understanding of questioning 

techniques (Gunel, 2008). 

Although many strategies for inquiry-based instruction are recommended 

for science teaching, teachers must create teaching practices that keep students 

engaged.  These teaching practices will not be the same for all teachers.  Each 

individual teacher must formulate the strategies appropriate to the factors 

pertinent to their classrooms.  These factors include (a) teacher knowledge, (b) 

age of students, (c) knowledge level of students, and (d) student language 

proficiency (Keys & Bryan, 2001). 

Improvements in Staff Development for In-Service Teachers 

 The National Science Standards (1996) advocates professional 

development for science teachers that is equivalent to that of teachers of other 

subjects.  It is stated in the Standards, “Becoming an effective science teacher is 

a continuous process that stretches from preservice experiences in 

undergraduate years to the end of a professional career” (p. 55).  To ensure 

reform changes take place, professional development for science teachers must 
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involve active engagement in learning that increases teacher knowledge, 

understanding, and ability in science education.  Four standards are suggested 

for science teaching professional development which include professional 

development that (a) teaches science through inquiry, (b) integrates knowledge 

and pedagogy, (c) builds understanding for lifelong learning, and (d) is coherent 

and integrated (National Science Standards, 1996). 

Davis, Petish, and Smithey (2006) researched five areas science teachers 

were expected to understand.  These areas included “(1) the content and 

disciplines of science, (2) learners, (3) instruction, (4) learning environments, and 

(5) professionalism” (p. 607).  The authors defined professionalism as the 

teacher becoming a reflective practitioner seeking opportunities for professional 

growth.  These opportunities included understanding the science classroom in 

relation to the larger community, being involved in planning and developing 

science programs in their school, and seeking opportunities for relevant 

professional development.  Professional development can aid science teachers 

to understand content and instruction.  These professional development 

opportunities should be science-specific (Davis et al., 2006). Yager (2005) noted 

the Standards set forth fourteen features deemed vital for the growth and 

development of in-service teachers.  The standards were written in the format of 

more emphasis as opposed to less emphasis in professional development.  

These included less emphasis on courses and workshops and more emphasis 

on a variety of professional development activities and less emphasis on 

individual learning and more emphasis on collegial and collaborative learning. 
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Improvements to Teacher Preparation Programs for Pre-Service Teachers 

 Mulholland and Wallace (2001) stated “Many experiences are shaped 

during preservice field experience.  Unfortunately, preservice teachers are rarely 

exposed to good role models during field placement because many practicing 

teachers have difficulty with science and avoid teaching it” (p. 243). Minger and 

Simpson (2006) suggested that favorable beliefs about science teaching should 

be fostered during pre-service education programs. Many pre-service teachers 

have negative attitudes about science that they bring with them into their teacher 

education program.  Traditional courses reinforce insecurities in science and do 

not promote positive attitudes toward science teaching (Briscoe, Peters, & 

O’Brien, 1993; Stevens & Wenner, 1996; Watters & Ginns, 2000; Minger & 

Simpson, 2006).   Further research in England and Wales has determined that 

few pre-service teachers studied science past the age of sixteen; therefore 

leading to a lack of confidence in science and science teaching.  Liang and 

Gabel (2005) stated “only 4% of grade K-5 teachers … in elementary schools 

had undergraduate or graduate majors in science or science education … fewer 

than three in ten reported feeling well prepared to teach sciences … compared 

with 77% for reading/language arts” (p. 1144).  Liang et al. (2005) suggested this 

information shows the urgency for the promotion of learning to teach science in 

teacher education programs.  Teacher education programs must develop subject 

and pedagogical knowledge in science while at the same time improve 

confidence in teaching science.  Teacher preparation courses should identify 
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weaknesses and offer support in those science teaching areas in which pre-

service teachers are deficient (Heywood, 2007). 

Saka (2009) also suggested that pre-service teacher education programs 

were not preparing students to teach science.  The researcher conducted a study 

which was an attempt to design an approach for pre-service teachers that 

involved cooperative learning and discussion to improve science achievement 

and to improve science teaching skills of pre-service teachers.  Saka found that 

these strategies were effective in improving pre-service teachers’ self-efficacy 

and student science achievement.   

Davis et al. (2006) discussed the importance of positive experiences for 

pre-service science teachers.  Substantial programs can promote improved 

comprehension of science instruction.  The researchers suggested “multiple 

cycles of planning, teaching, and reflection, over the course of a year” (p. 634).  

Pre-service teachers involved in science methods courses elicited better 

understanding of science and improved attitudes in regard to teaching science, 

students in their science classrooms, the science classroom learning 

environment, and self-efficacy. 

In a study conducted in 2004, Bleicher stated “people are motivated to 

perform an action if they believe the action will have a favorable result and they 

are confident that they can perform that action successfully.” (p. 384)  A high 

sense of self-efficacy is important for all teachers; however, it is of utmost 

importance for pre-service and novice teachers.  Teachers new to the classroom 

may be less likely to teach science, and teach it well, if they are not confident in 
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the concepts they are required to present to their students.  Bleicher also noted 

that early identification of low self-efficacy in teaching science was vital to 

teacher education programs (Bleicher, 2004).   

Tekkaya, Cakiroglu, and Ozkan (2004) used the Science Concepts Test 

and Science Teaching Efficacy Belief Instrument to examine Turkish pre-service 

science teachers’ knowledge of science concepts and their self-confidence in 

teaching science.  The researchers found that the pre-service teachers were 

confident in their ability to teach science; however, their knowledge of science 

concepts was generally low.  Moseley, Reinke, and Bookout (2002) conducted a 

study to determine what effect, if any, involvement in a three day program on 

outdoor environmental education had on pre-service teachers’ self-efficacy for 

teaching environmental science.  From the study the researchers found that 

although self-efficacy was high before and during the program, it dropped after a 

period of time once the program had been completed.  Cakiroglu, Cakiroglu, and 

Boone (2005) conducted a study that compared pre-service teachers’ in Turkey 

and the United States science teaching self-efficacy beliefs.  The study found 

differences in Turkish and American pre-service teachers’ beliefs.  The American 

participants were found to have stronger science efficacy beliefs than the Turkish 

participants.  Palmer (2006) attempted to determine the changes in pre-service 

teachers’ self-efficacy beliefs over a period of time as a result of participation in a 

science methods course.  Results showed that positive changes occurred due to 

participation in the course. In 2001, Finson conducted a study to determine if pre-

service teachers who held less stereotypical perceptions of science teaching 
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could develop higher levels of self-efficacy.  The results of the study noted that 

pre-service teachers could develop higher levels of self-efficacy but only if 

preconceived stereotypes were eliminated. 

Student Engagement in the Science Classroom 

 The National Science Education Standards (1996) set forth the desired 

attributes for student involvement in the science classroom.  It was stated 

“Learning science is something students do, not something that is done to them” 

(p. 20).  Teachers are encouraged to teach science actively so that students are 

involved in inquiry-based activities and interacting with their teacher and peers.  

A shift to active science learning means less presentation of information by the 

teacher and more interaction with students.  Hands-on activities are not the only 

aspect of active learning.  Students must have minds-on experiences as well.  

This concept involves teaching students how to think critically and question 

concepts about science.   

 The concept of student engagement in the science classroom is evident in 

this statement from Science for All Americans: 

 In learning science, students need time for exploring, for making 

 observations, for taking wrong turns, for testing ideas, for doing things 

 over again; time for building things, calibrating instruments, collecting 

 things, constructing physical and mathematical models for testing ideas; 

 time for learning whatever mathematics, technology, and science they 

 may need to deal with the questions at hand; time for asking around, 

 reading, and arguing; time for wrestling with unfamiliar and counterintuitive 
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 ideas and for coming to see the advantage in thinking in a different way. 

 Moreover, any topic in science, mathematics, or technology that is taught 

 only in a single lesson or unit is unlikely to leave a trace by the end of 

 schooling. To take hold and mature, concepts must not just be presented 

 to students from time to time but must be offered to them periodically in 

 different contexts and at increasing levels of sophistication. (Chapter 13, 

 para. 33) 

 Researchers have found that motivated students were more engaged in 

the learning process.  Motivation has been found to be directly correlated to 

academic engagement and achievement.  When students are motivated and 

actively involved in the learning process positive cognitive outcomes are likely 

(Banks, McQuater, & Hubbard, 1978; DeCharms, 1984; Dweck, 1986; Ryan, 

Connell & Deci, 1985; Singh, Granville, & Dika, 2002).  Singh et al. (2002) 

defined academic engagement “as active involvement, commitment, and 

attention as opposed to apathy and lack of interest” (p. 324).  The researchers 

further stated “Motivation and academic engagement may have a reciprocal 

relationship.  Motivation affects engagement in academic tasks and engagement 

further enhances interest and motivation.  Both motivation and academic 

engagement further learning” (p. 324). 

Teacher Self-Efficacy 

Riggs and Enochs (1989) stated “though science is required of all 

students in elementary school … elementary teachers do not usually teach 

science as a high priority … in a way that enhances student achievement” (p. 3).  
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Researchers have shown that ineffective teaching practices are a result of low 

levels of teacher self-efficacy.  Monteiro, Carrillo, and Aguaded (2010) stated, 

 beliefs cannot be mapped directly onto practice, but they can provide an 

 understanding of an individual’s performance … if, in a specific context 

 there is a good comprehension of the beliefs, goals and knowledge 

 underlying a teacher’s decisions and actions, then a coherent and detailed 

 explanation of what the teacher did and why can be achieved. (p. 1269) 

 Bandura (1977) defined self- efficacy as “the conviction that one can 

successfully execute the behavior required to produce the outcomes” (p. 193).  

Bandura’s theory was founded on the belief that psychological actions in any 

form shaped and strengthened self-efficacy.  Self-efficacy can be categorized 

into two sub-scales, personal expectations and outcome expectancies.  These 

two sub-scales both influence the confidence teachers have in the classroom. 

When people are able to establish positive self-efficacy beliefs, they will be able 

to generalize to other instances that in which the individual viewed themselves as 

inadequate.  Cognitive processing is also vital to beliefs regarding self-efficacy.  

“The impact of information on efficacy expectations will depend on how it is 

cognitively appraised” (Bandura, 1977, p. 200).   

 Yilmaz (2009) noted that self-efficacy was an important concept of the 

social cognitive theory.  Teachers with a high sense of self-efficacy add to a more 

competent and efficient educational system than teachers with a low sense of 

self-efficacy.  A teacher’s sense of self-efficacy can positively or negatively affect 

the students they teach.  A high sense of self-efficacy can lead to positive 
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student motivation and attitudes.  Teacher self-efficacy can also affect classroom 

management which can lead to highly academic and productive activities, not a 

class period spent managing discipline problems (Yilmaz).   

Nunn and Jantz (2009) noted that teacher efficacy can be affected by 

several factors that in turn have an impact on effectively providing an 

environment for students that is conducive to success. Research has shown an 

overwhelming support for the idea that teacher self-efficacy can empower 

students and provide beneficial educational outcomes.  Teachers that have a 

high sense of self-efficacy can elevate the cognitive performance of students.  

Nunn and Jantz (2009) further stated “as teacher efficacy increases, the 

perception of responsibility for and capacity to affect outcomes also increases, 

thus reinforcing the strength and direction of teacher-student interactions” (p. 

600).  Riggs and Enochs (1989) noted Bandura’s belief that, 

people high on both outcome expectancy and self-efficacy would act in 

 an assured, decided manner.  Low outcome expectancy paired with high 

 self-efficacy might cause individuals to temporarily intensify their efforts, 

 but will eventually lead to frustration.  Persons low on both variables would 

 give up more readily if the desired outcomes were not reached 

 immediately. (p. 5) 

Science Teaching Efficacy 

Saka (2009) noted that pre-service teachers that were not prepared for 

teaching science nor were the programs sufficient to improve self-confidence in 

teaching science.  Riggs and Enochs (1989) stated “Teacher self-efficacy studies 
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have also tended to focus on the investigation of teacher efficacy beliefs in 

general rather than specific subject areas.  For elementary teachers in particular, 

a subject specific instrument would be more informative” (p. 6).  The researchers 

determined the need for subject specific efficacy because efficacy beliefs were 

found to be reliant on particular situations.  This belief led the researchers to 

question if general levels of self-efficacy precisely reflected teacher beliefs about 

their ability to teach subject areas, and more specifically, science.  Riggs and 

Enochs further suggested that the ability to determine teacher efficacy regarding 

science teaching could contribute to the changes needed for improvements in 

science achievement. 

 Researchers have suggested that teacher attitude and confidence in 

science were important factors in the level of science education received by their 

students.  Teaching science can have a tremendous impact on teacher 

confidence and self-efficacy.  This impact can eventually determine whether or 

not the individual continues to teach science.  Research has shown that students 

learn more when teachers have a high level of self-efficacy.  Teachers with low 

levels of self-efficacy exhibited negative characteristics such as (a) little to no 

commitment to their profession, (b) performing in a custodial manner in the 

classroom, and (c) spending less time on academics than other teachers.  

Teachers have been shown to spend less time teaching subjects in which their 

self-efficacy is low; this includes the subject of science.   Research has proven 

that science is one subject in which low levels of self-efficacy negatively impact 

student achievement (Mulholland & Wallace, 2001).  Davis et al. (2006) noted 
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that in order for teachers to become successful science teachers, they must 

become confident and envision themselves as effective contributors in the 

classroom.  The researchers also suggested that teachers with higher levels of 

self-efficacy (a) involved their students actively in the learning process, (b) 

thought the students could learn more through cooperative learning and hands-

on experiences, and (c) became more fully developed and  competent science 

teachers.  In contrast, the researchers stated that teachers with low levels of self-

efficacy (a) tended to lay blame on other people for their failures, (b) engaged 

students in science activities that were fun, rather than educational and which 

promoted cooperative learning, and (c) focused more on student behavior than 

student learning.  

Mississippi State Framework for Science 

 During the 2006-2007 school year, the state of Mississippi implemented 

the first Mississippi Science Test (MST) for fifth and eighth grade students. The 

test was a criterion-referenced assessment which ensured that Mississippi was in 

full compliance with requirements set forth in No Child Left Behind (NCLB).  The 

assessments were developed to be aligned with the Mississippi Curriculum 

Science Framework for 2001, and a committee of Mississippi’s teachers selected 

and approved the items that appeared on the tests.  Beginning in 2010, 

Mississippi implemented a new framework for science accountability.  This 

framework was based on research and was intended to improve the scores on 

the MST and raise Mississippi’s rating with the National Assessment of 

Educational Progress (NAEP).  According to NAEP statistics, Mississippi fourth 
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and eighth grade students’ science scores were the lowest in the United States.  

With this information in hand, the Mississippi Department of Education reformed 

the frameworks for science education in the state with the goal in mind of raising 

test scores and to no longer be ranked last nationwide.  The new framework 

implemented in 2010 set forth new goals for science education in Mississippi.  

These goals included engaging in the national promotion of science and the 

improvement of science education in Mississippi through research-based 

development of science standards and improved guidance and direction for 

planning instruction.  Mississippi educational leaders determined research-based 

foundations for this change in the science framework.  The new standards set 

forth were aligned to the 2009 NAEP science framework and National Science 

Standards and also included Depth of Knowledge (DOK) levels for each objective 

in every grade.  The new framework was more challenging than the previous one 

because each grade and course contained (a) an inquiry strand, (b) a science 

process skill, (c) critical thinking and problem solving skills, (d) allowed for 

conceptual development, and (e) vertically aligned objectives to allow scaffolding 

and spiraling of the framework (Mississippi Department of Education Office of 

Student Assessment, 2010). 

Summary 

 This review of literature has given a basis for the purpose of this study.  

Detailed within the review was the theoretical basis for the study which included 

constructivism and the leading constructivist theorists.  The importance of 

constructivist teaching was reflected through the literature supporting 
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constructivist teaching for science education and the leading theorists.  A 

thorough examination of the history of science education in the United States 

was given as well.  This portion of the review reflected the importance of 

scientifically literate students.  The review of literature furthered the importance of 

science by providing a solid inspection of the push for science education reform 

in the United States.  This reform includes a shift to standards-based and inquiry-

based instructional practices, student engagement in science, professional 

development for in-service teachers, and the need for improved pre-service 

teacher education programs.  The literature review further detailed research 

pertinent to teacher self-efficacy and more specifically, science teaching efficacy 

and the related two sub-scales; personal science teaching efficacy and science 

teaching outcome expectancy.  The final section of the review detailed the 

requirements of the Mississippi State Department of Education regarding science 

education in Mississippi.   
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CHAPTER III 

METHODOLOGY 

Overview 

 Prior to 1960, science education as academia was found only in the 

United States (Fensham, 2004).  After 1960, science education academia 

including research has seen a dramatic increase.  Fensham stated, 

In a number of countries … there are now thousands of published studies, 

 and the total is increasing by several hundred each year … I believe that 

 today’s large body of researchers now recognize each other as a 

 community of colleagues engaged in a common enterprise. (p. 3) 

The purpose of this study was to determine if relationships exist between 

personal science teaching efficacy and science teaching outcome expectancy 

and the identifying variables (a) number of undergraduate science methods 

courses, (b) level of teacher education, (c) number of years as a classroom 

teacher, and (d) number of years as a science teacher.  The study also 

determined if relationships exist between personal science teaching efficacy and 

science teaching outcome expectancy and the variables of (a) self-efficacy 

beliefs about student engagement and (b) self-efficacy beliefs about instruction.  

The study was based on the theories of constructivism founded by Piaget, 

Vygotsky, Dewey, and Bruner.  The beliefs of these theorists include the teaching 

and learning of science in a hands-on, inquiry-based, and social/collaborative 

environment.  Another basis for the study came from requirements set forth by 

the National Science Standards (1996) which were developed in response to 
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reports that students in the United States were scientifically illiterate.  This 

chapter will provide a detailed description of the research design, research 

questions and hypotheses, participants, instrumentation, procedures, limitations, 

and data analysis that were involved with the study. 

Research Design 

 This study was a correlational study.  There were four independent 

variables used which included:  (a) number of undergraduate science methods 

courses taken, (b) level of teacher education, (c) number of years as a classroom 

teacher, and (d) number of years as a science teacher.  These variables were 

treated as nominal or ordinal variables.  Two other independent variables were 

used which included:  (a) self-efficacy beliefs about student engagement and (b) 

self-efficacy beliefs about instruction. These independent variables were 

measured quantitatively with a Likert-type scale. In the study there were two 

dependent variables.  The two dependent variables used were personal science 

teaching efficacy and science teaching outcome expectancy. 

Operational Definitions 

1.  Number of undergraduate science methods courses taken was defined   

     as those courses which related to teaching science.  This did not     

     include courses that would be found as requirements in degrees for 

     science and technology or prerequisite courses normally taken in the 

     first two years of an undergraduate program.  Examples of these 

     courses would be, but are not limited to, biology, anatomy and  

     physiology,  physical science, and environmental biology. 
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2.  Level of teacher education was defined as undergraduate bachelor’s 

     degree or graduate degrees which include (a) master’s degree, (b) 

     master’s degree through the alternative route, (c) specialist’s degree, 

     and (d) doctoral degree. 

3.  The number of years as a classroom teacher was defined as the total 

     number of years the participant has taught in a public or private school. 

4.  The number of years as a science teacher was defined as the total 

     number of years the participant has taught science in a public or 

     private school.  This definition also included the teaching of science 

     only or in conjunction with other subjects. 

5.  Self-efficacy beliefs about student engagement were defined as the 

     beliefs teachers hold regarding engaging students in science lessons 

     and activities. 

6.  Self-efficacy beliefs about instruction were defined as the beliefs 

     teachers hold regarding their ability to design and implement 

     successful science lessons. 

7.  Personal science teaching efficacy was defined as the confidence the 

     science teacher has in his/her ability to successfully teach science. 

8.  Science teaching outcome expectancy was defined as the belief of the 

     science teacher that students in his/her science classroom will be 

     influenced by effective teaching. 
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Research Questions and Hypotheses 

 The purpose of this correlational study was to determine if relationships 

exist between personal science teaching efficacy and science teaching outcome 

expectancy and the identifying variables (a) number of undergraduate science 

methods courses, (b) level of teacher education, (c) number of years as a 

classroom teacher, and (d) number of years as a science teacher.  The 

researcher also determined if relationships exist between personal science 

teaching efficacy and science teaching outcome expectancy and the variables of 

(a) self-efficacy beliefs about student engagement and (b) self-efficacy beliefs 

about instruction.  From these research questions the following specific 

hypotheses emerged that were explored in this study: 

H1:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to personal science teaching 

expectancy. 

H2:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to science teaching outcome 

expectancy. 

H3:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to personal science teaching efficacy. 

H4:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to science teaching outcome expectancy. 
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Participants 

 The participants for this study were chosen through purposive sampling 

and included fifth and eighth grade science teachers in ten school districts.  The 

fifth and eighth grade teachers at the schools in these districts represent a 

population of approximately 140 teachers.  According to a table of recommended 

samples sizes the desired sample for this study will be 108 subjects (Krejcie & 

Morgan, 1970; Patten, 2009).  A smaller sample size will be sufficient for this 

study due to a small amount of variability within the population.  Patten (2009) 

stated “If there is very little variability (i.e., the population is homogeneous), 

researchers can obtain accurate results from a small sample” (p.57). All of the 

members of the proposed population represent a homogeneous group in which 

all members are teachers of science.  The only variabilities that must be noted 

are the differences in grade levels taught and teaching at different schools.    

Participants were solicited during face-to-face meetings in which the 

instruments were explained. Potential subjects were given letters of informed 

consent stating they may refuse to participate or withdraw from the study at any 

time without any penalty.   

Instrumentation 

 Three self-report instruments were used for data collection. 

Demographic Data Sheet 

 The demographic data sheet for this study was developed by the 

researcher.  Data included were the number of undergraduate science methods 

courses taken, level of teacher education, number of years as a classroom 
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teacher, and number of years as a science teacher.  A copy of the demographic 

data sheet can be found in this study as Appendix A. 

Science Teaching Efficacy Belief Instrument (STEBI) 

 The STEBI (Riggs & Enochs, 1989) is an instrument designed to test 

science teaching efficacy beliefs in order to predict science teaching behavior.  

The instrument measures the beliefs through two sub-scales; personal science 

teaching efficacy (PSTE) and science teaching outcome expectancy (STOE).  

The theoretical basis for the STEBI comes from Bandura’s work with 

phobics and self-efficacy.  It was Bandura’s belief that life experiences led to the 

development of action and outcome expectancies, and that specific beliefs 

concerning coping abilities were developed through self-efficacy (Bandura, 

1977).  From research regarding self-efficacy, Riggs and Enochs (1989) 

determined that self-efficacy studies tended to focus on efficacy beliefs in 

general.  A subject specific instrument in science would give teachers more 

information to ensure student success.  The researchers stated “A specific 

measure of science teaching efficacy beliefs should be a more accurate predictor 

of science teaching behavior and thus more beneficial to the change process 

necessary to improve students’ science achievement” (p. 7). 

Criterion and content validity were determined through the use of a panel 

of judges that were deemed experts in the construct being measured.  The 

researchers stated “Each judge was responsible for clarifying the dimension of 

each item, rate each scale, and rate the total instrument’s items and their 

representativeness, thus contributing to the instrument’s content validity” (p. 8).  
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Items were eliminated if inconsistently classified by three of the five judges 

(Riggs & Enochs, 1989). 

Reliability for the STEBI was determined through both a pilot and major 

study.  The pilot study was conducted with seventy-one practicing elementary 

teachers who were enrolled in graduate courses at a mid-western university.  

The purpose of the pilot study was to refine the item pool through item analysis.  

Major flaws were found in the sub-scale of science teaching outcome 

expectancy.  As a result, a factor analysis was completed on each sub-scale 

before selecting further items.  The factor analysis showed further flaws in the 

outcome expectancy scale.  The researchers ultimately decided to select items 

on the basis of factor loading to avoid causing the item-total correlations from 

being meaningless.  Reliability analysis resulted in a Cronbach’s alpha of 0.92 for 

the PSTE sub-scale and 0.74 for the STOE sub-scale (Riggs & Enochs, 1989).  

In this study reliability analysis resulted in a Cronbach’s alpha of .90 for the PSTE 

sub-scale and .78 for the STOE sub-scale. 

The major study included a sample of 331 practicing elementary teachers 

who were located in both rural and urban areas.  No specific geographic location 

for the participants was given.  The researchers conducted a one-tailed t-test to 

determine if there were significant differences between the rural and urban 

samples, of which none were noted.  A factor analysis was conducted to 

determine the number of significant factors, with an additional factor analysis 

completed to eliminate items that were cross loaded or loaded into the wrong 

factor.  Final data analysis of the major study produced a preliminary Cronbach’s 
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alpha of 0.91 for the sub-scale PSTE.  Item-total correlations were 0.53 or higher 

for all but two of the items.  The researchers deleted these items which produced 

a final Cronbach’s alpha of 0.92 for PSTE.  The preliminary Cronbach’s alpha for 

STOE was 0.76.  Item-total correlations were 0.34 or higher for all but two of the 

items.  The researchers deleted these items which produced a final Cronbach’s 

alpha of 0.77 for STOE.  Pearson r correlations were run for all criteria and the 

researchers found all criteria were significantly correlated in a positive direction 

(Riggs & Enochs, 1989).   

The researchers discussed the possible reasons for the lower alpha score 

for STOE.  Past research had shown this as a difficult construct to measure. It 

was noted “The lower alpha of the STOE scale seems consistent with past 

research efforts in which this construct was most difficult to define and measure” 

(Riggs & Enochs, 1989, p.14). Further explanations for the lower score included 

limited science background knowledge of the teachers and students and low 

student motivation.  Ultimately the researchers concluded that test results proved 

the validity and reliability of the STEBI (Riggs & Enochs, 1989).  A copy of the 

author’s permission for use letter can be found in this study as Appendix B. 

Scoring Instructions for STEBI 

 Questions on the instrument are scored as follows: Strongly Agree = 5; 

Agree = 4; Uncertain = 3; Disagree = 2; and Strongly Disagree = 1.  The 

following questions were reverse scored to ensure consistent values between 

positively and negatively worded questions:  questions 3, 6, 8, 10, 13, 17, 19, 20, 

21, 22, 24, and 25.  The following questions measure personal science teaching 
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efficacy belief:  questions 2, 3, 5, 6, 8, 12, 17, 18, 19, 21, 22, 23, and 24.  The 

following questions measure outcome expectancy:  questions 1, 4, 7, 9, 10, 11, 

13, 14, 15, 16, 20, and 25 (Riggs & Enochs 1989). 

Teachers’ Sense of Efficacy Scale (TSES) 

 The TSES (Tschannen-Moran & Hoy, 2001) is an instrument that 

was developed to measure teachers’ sense of self-efficacy in the classroom.  

The instrument measures self-efficacy beliefs through three sub-scales, (a) 

efficacy in student engagement, (b) efficacy in instructional practices, and (c) 

efficacy in classroom management.  For the purposes of this study only the sub-

scales of efficacy in student engagement and efficacy in instructional practices 

were used.  The researcher also received permission from the author to use this 

instrument specifically with science teachers to determine the variables in 

relation to the science classroom. A copy of the permission letters from the 

author to use the instrument and use it specifically for science teachers can be 

found in this instrument as Appendix C. 

The theoretical basis for this instrument was Bandura’s theories regarding 

self-efficacy.  Tschannen-Moran and Hoy (2001) stated “A teacher’s efficacy 

belief is a judgment of his or her capabilities to bring about desired outcomes of 

student engagement and learning, even among those students who may be 

difficult or unmotivated” (p. 783).  Teachers’ sense of self-efficacy can be related 

to student achievement, teacher behavior in the classroom, and teacher 

retention.  When teachers have a greater sense of self-efficacy they are more 

likely to invest more effort in teaching, have greater levels of planning and 
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organization, be less critical of students, and recover more quickly and efficiently 

from setbacks.  The researchers noted the difficulties that had been faced when 

trying to develop a measurement instrument for teacher self-efficacy.  Many of 

the existing instruments lack proper validity and reliability, have confusion 

regarding the meaning of the factors, and lack an appropriate level of specificity.  

For these reasons, the researchers determined there was a need for a new 

instrument to measure teacher self-efficacy that did not have the problems found 

in other instruments (Tschannen-Moran & Hoy, 2001).   

 To begin the development of the new instrument the researchers first 

studied several instruments to determine the deficiencies in each.  The 

researchers then worked with eight graduate students at The Ohio State 

University to develop the instrument.  Participants determined that using a Likert-

type scale related to Bandura’s scale was best; however, the participants 

expanded Bandura’s original list of teacher capabilities.  Each member of the 

group selected items from Bandura’s scale and created eight to 10 new items, all 

of which represented important elements of teaching.  The entire pool of 

questions were discussed and it was determined that 27 of Bandura’s 30 item 

scale would be retained.  Nineteen items created by the group were retained as 

well for a total of 52 items on the instrument to be piloted.  A nine-point Likert-

type scale was created as well (Tschannen-Moran & Hoy, 2001).   

 Tschannen-Moran and Hoy (2001) piloted the new instrument in three 

separate studies.  The final instrument consisted of two forms a long form and a 

short form.  The long form contained 24 items and the short form contained 12 
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items.  For the purpose of this study the long form was utilized.  Final data 

analysis for the instrument revealed a Cronbach’s alpha of 0.94 for the total long 

form instrument.  The sub-scale efficacy of student engagement had a 

Cronbach’s alpha of 0.87 and the sub-scale of efficacy of instructional practices 

had a Cronbach’s alpha of 0.91 both of which prove reliability of this instrument 

and its sub-scales (Tschannen-Moran & Hoy, 2001).  In this study reliability 

analysis resulted in a Cronbach’s alpha of .83 for student engagement and .86 

for instructional strategies. 

The sub-scale scores were determined by computing unweighted means 

of the items loading on each factor.  Construct validity was determined for both 

the long and short forms.  The researchers assessed the validity by correlating 

the new instrument to other existing measures of teacher efficacy.  Total scores 

of the TSES were positively related to Rand measure items and the personal 

teaching efficacy factor and general teacher efficacy factor of the Gibson and 

Dembo measure.  The Rand measure is an instrument consisting of two items to 

measure teacher self-efficacy.  The instrument measures teacher efficacy in 

relation to factors beyond the influence of the teacher.  Because the instrument 

was so short other researchers attempted to design more in-depth instruments.  

However, the Rand measure was the foundation for other instruments, including 

the TSES. The Gibson and Dembo instrument was created to measure teacher 

efficacy as well.  This instrument was created on the basis of the Rand measure 

and Bandura’s self-efficacy instrument.  This instrument measures two sub-

scales, personal teaching efficacy and general teaching efficacy. The strongest 
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correlations were between the TSES and personal teaching efficacy of the other 

scales.  The lower correlations were between the TSES and general teacher 

efficacy.  The researchers noted “this scale is the least successful in capturing 

the essence of efficacy” (Tschannen-Moran & Hoy, 2001, p. 801).  From their 

findings the researchers deemed the TSES a valid and reliable instrument for 

measuring teacher self-efficacy with regard to student engagement, instructional 

practices, and classroom management.   

Scoring Instructions for TSES 

 The long form of the TSES was used for this study with the following sub-

scale measurements:  efficacy in student engagement – questions 1, 2, 4, 6, 9, 

12, 14, and 22; efficacy in instructional strategies – questions 7, 10, 11, 17, 18, 

20, 23, and 24; efficacy in classroom management – questions 3, 5, 8, 13, 15, 

16, 19, and 21.  None of the questions required reverse scoring (Tschannen-

Moran & Hoy, 2001). 

Procedures 

 The following steps were utilized for data collection for this study: 

1.  The researcher obtained permission to conduct the study from the 

     superintendents from ten school districts.  A sample copy of the letter 

     sent to each superintendent and sample permission forms to be signed 

     by the superintendents can be found in this study as Appendices D and 

    E. 

2.  Upon obtaining permission from the district superintendents the study 

     was submitted to the Internal Review Board (IRB) at the University of  
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     Southern Mississippi for approval. No research was conducted until 

     approval from the IRB was received.  A copy of the IRB approval can 

     be found in this study as Appendix F.  

3.  Upon obtaining IRB approval, the principals of each school in the 

     districts were contacted for permission to conduct the study with the 

     fifth and eighth grade science teachers in the school and to designate a 

     convenient meeting time to address the teachers. 

4.  The researcher met with the fifth and eighth grade science teachers at 

     the time agreed upon and asked for voluntary participation in this 

     study.  The researcher explained how to complete the questionnaires 

     and asked if any clarification was needed for any sections.  The 

     questionnaires were in the following order:  (a) demographic data, (b) 

     STEBI, and (c) TSES, but the teachers were not required to complete 

     them in that order.  Those teachers agreeing to participate were given 

     an informed consent letter along with the questionnaires. A copy of the 

     informed consent letter can be found in this study as Appendix G.   

5.  At the end of two weeks, the researcher returned to each school to 

     collect the completed questionnaires.  The teachers had placed the 

     questionnaires in a manila envelope provided by the researcher, 

     sealed them, and placed them in an agreed upon location at the 

     school. Any teachers not turning the questionnaire in were asked if 

     they need an additional copy or additional time to complete it.  The 

     researcher did give additional time to complete the questionnaire and 
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     additional copies that were needed. 

Limitations 

 As with any research study there are limitations that exist that will restrict 

the generalizability of the findings.  Within this proposed study there were several 

possible limitations that must be addressed.  The first limitation was the use of 

purposive sampling.  The sample was limited to only fifth and eighth grade 

science teachers; therefore, the results could not be generalized to the entire 

population of science teachers.  A second limitation was the use of school 

districts located in five Mississippi counties.  This limitation did not allow for 

generalizability to the other districts found in the state of Mississippi.  A third 

limitation was the fact the study was only being conducted with teachers in 

Mississippi, thus limiting generalizability to all fifth and eighth grade science 

teachers in the United States.  The final limitation that must be addressed was 

the short duration period of the study.  The proposed timelines were followed 

which allowed for a two- week turn around between distributing the 

questionnaires and collection for data analysis. 

Data Analysis 

 The SPSS statistical program was used for all data analysis for the study.  

When the researcher collected all questionnaires, the data was entered and 

descriptive statistics were run for each variable to determine means, standard 

deviations, and frequencies.  Categorical variables were re-coded and all 

variables were centered before proceeding with additional statistical tests.  Each 

statistical test conducted was a one-tailed test with alpha set at .05.  The 
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researcher set alpha at this point to avoid making a Type I error in the study. 

Items that were to be reverse scored according to the scoring guidelines were 

corrected as well. Listed below are the hypotheses for this study and a 

description of the statistical tests that were conducted for each.  

Hypotheses One and Two 

H1:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to personal science teaching 

efficacy. 

H2:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to science teaching outcome 

expectancy. 

 For each of these hypotheses the researcher performed a multiple 

regression.  As a part of the multiple regressions for each hypothesis the 

researcher ensured there were no violations of the three assumptions of linearity, 

homoscedasticity, and normality of residuals. 

Hypotheses Three and Four 

H3:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to personal science teaching efficacy. 

H4:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to science teaching outcome expectancy. 
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 For each of these hypotheses the researcher conducted Pearson r 

correlations to determine if a relationship exists between the listed variables.  

Tests to ensure the assumptions of linearity, homoscedasticity, and normality of 

residuals have not been violated were run as well.  

Summary 

According to the 2005 NAEP statistics, fourth and eighth grade students in 

Mississippi rank the lowest of all states in science assessment.  It is for these 

reasons that improvement in science education must take place in classrooms 

across the United States (Mississippi Department of Education Office of Student 

Assessment, 2010). This above listed reason is the basis for the researcher’s 

desire to conduct this study.   

This chapter has detailed the methods that were used to conduct this 

study.  Within this chapter the researcher has given detailed descriptions for the 

following aspects of the study:  (a) an overview with a literature basis for 

conducting the study, (b) the research design which included operational 

definitions, (c) the research questions and hypotheses, (d) participants for the 

study and how they will be chosen, (e) the instruments that will be used in the 

study which included validity and reliability of each instrument, (f) the procedures 

that will be employed to conduct the study, (g) the limitations of the study, and (h) 

how data collected will be analyzed.  The chapters that follow will provide 

discussions of the results and the findings of the study. 
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CHAPTER IV 

RESULTS 

Overview 

The purpose of this study was to determine if relationships exist between 

personal science teaching efficacy and science teaching outcome expectancy 

and the identifying variables (a) number of undergraduate science methods 

courses, (b) level of teacher education, (c) number of years as a classroom 

teacher, and (d) number of years as a science teacher.  The study was also 

designed to determine if relationships exist between personal science teaching 

efficacy and science teaching outcome expectancy and the variables of (a) self-

efficacy beliefs about student engagement and (b) self-efficacy beliefs about 

science instruction.  The study was based on the theories of constructivism as 

well as the requirements set forth by the National Science Standards (1996), The 

United States Department of Education, and the Mississippi State Department of 

Education. 

The researcher obtained IRB approval to conduct the study; as well as 

approval from the superintendent’s in ten school districts.  Surveys were 

distributed to 102 fifth grade science teachers and 38 eighth grade science 

teachers in these districts.  Participants were given two weeks to complete the 

surveys, with additional copies of the survey and additional time for completion 

given if needed.  The participants were also given letters of informed consent at 

the time the surveys were distributed.  A total of 85 surveys were returned by the 

fifth grade science teachers and a total of 32 surveys were returned by the eighth 
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grade science teachers.  In total 117 surveys were returned, giving the 

researcher a return rate of 83.6%.  Once all surveys had been returned, the 

researcher entered the data into the SPSS statistical program. 

  This chapter will provide a detailed description of the data analysis 

procedures and results that were involved with the study. 

Descriptives 

 Descriptive statistical tests were run for the sub-scales (a) personal 

science teaching efficacy, (b) outcome expectancy, (c) self-efficacy beliefs about 

student engagement in science, and (d) self-efficacy beliefs about instruction in 

science.  Test results showed N = 117 for each of the sub-scales.  Means and 

standard deviations for each of the sub-scales were also calculated.  Table 1 

illustrates these results. 

Table 1 

Descriptives (N = 117) 
_________________________________________________________ 
 
Measure     M   SD______ 

Personal efficacy scale   51.77   8.55 

Outcome expectancy scale  41.24   6.48 

Student engagement     7.01       .97 

Instructional strategies     7.50     .85 
_____________________________________________________________ 
Note.  The items for the scales of personal efficacy and outcome expectancy were scored on a five point Likert-type scale. 

Minimum = 26, maximum = 65 for personal efficacy; minimum = 21, maximum = 58 for outcome expectancy.  The items 

for the scales of student engagement and instructional strategies were scored on a nine point Likert-type scale.  Minimum 

= 4.88, maximum = 9.00 for student engagement; minimum = 5.13, maximum = 9.00 for instructional strategies.  
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Frequencies for each independent variable were run as well. Frequencies 

for undergraduate science methods courses resulted in validity for zero to seven 

courses. Table 2 illustrates these results. 

Table 2 

Frequency Table for Undergraduate Methods Courses 
________________________________________________________ 
 
No. of courses Frequency        %      M  SD_____ 

0   27               23.1    

1   47                  40.2 

2   15                  12.8 

3   12                  10.3 

4     6                    5.1 

5     2                    1.7 

6     6                    5.1 

7     2                    1.7 

Cumulative          117                   100    1.68             1.72 
_________________________________________________________ 
Note.  Minimum = 0 courses; maximum = 7 courses 
 

 Frequencies for the variable level of education are listed in Table 3.  

Means and standard deviations for this variable were not calculated.  Table 3 

illustrates these results. 
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Table 3 

Frequency for Teacher Level of Education 
___________________________________________________________ 
 
Level    Frequency    %    

Bachelors         77     65.8 

Masters         38     32.5 

Specialist           2        1.7 

Cumulative       117      100 
______________________________________________________________ 
 
 Frequencies for the variable number of years as a classroom teacher 

ranged from one-half years to 37 years, and the mean and standard deviation 

were computed as well.  Table 4 illustrates these results. 

Table 4 

Frequencies for Number of Years as a Classroom Teacher 
_______________________________________________________________ 
 
Years  Frequency          Percent        M             SD ____ 
 
.5   3   2.6 

1.0   4   3.4 

1.5   1      .9 

2.0   9   7.7 

3.0   6   5.1 

4.0   8   6.8 

4.5   2   1.7 

5.0   8   6.8 

6.0   1      .9 
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Table 4 (continued). 
________________________________________________________________ 
 
Years  Frequency          Percent        M             SD _____ 
 
6.5   1       .9 

7.0   8    6.8 

7.5   2   1.7 

8.0   9   7.7 

9.0   3   2.6 

10.0   5   4.3 

11.0   5   4.3 

11.5   1               .9 

12.0   3   2.6 

13.0   5   4.3 

14.0   5   4.3 

15.0   3   2.6 

16.0   2   1.7 

18.0   1       .9 

19.0   4   3.4 

20.0   2   1.7 

21.0   3   2.6 

22.0   2   1.7 

23.0   1       .9 

25.0   2   1.7 

28.0   2   1.7 



65 

 

Table 4 (continued). 
________________________________________________________________ 
 
Years  Frequency          Percent        M             SD _____ 
 
30.0   1       .9 

31.0   3   2.6 

32.0   1       .9 

37.0   1      .9 

Cumulative        117                      100  10.53          8.27 
________________________________________________________________ 

Note.  Minimum =. 5 years; maximum = 37 years 
 

 Frequencies for the variable number of years as a science teacher were 

run and resulted in a range of one-half years to thirty-seven years of experience.  

The mean and standard deviation were calculated for this variable as well. Table 

5 illustrates these results. 

Table 5 

Frequencies for Number of Years as a Science Teacher 
____________________________________________________________ 
 
Years  Frequency  Percent  M  SD _ 

.5         6       5.1 

1.0       10        8.5 

1.5         1          .9 

2.0         7       6.0 

3.0         9          .9 

4.0       11       9.4 

4.5         1           .9 
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Table 5 (continued). 
________________________________________________________________ 
 
Years  Frequency          Percent        M             SD _____ 
 
5.0         9       7.7 

6.0         4       3.4 

6.5         2       1.7 

7.0         8       6.8 

7.5         1           .9 

8.0         7       6.0 

9.0         6       5.1 

10.0         4       3.4 

10.5         1           .9 

11.0         4       3.4 

12.0         2       1.7 

13.0         3       2.6 

14.0         4       3.4 

15.0         2       1.7 

18.0         2       1.7 

19.0         2       1.7 

19.5         1           .9 

20.0         3       2.6 

21.0         1           .9 

24.0         1           .9 
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Table 5 (continued). 
________________________________________________________________ 
 
Years  Frequency          Percent        M             SD _____ 
 
26.0         1           .9 

28.0         1           .9 

30.0         1           .9 

31.0         1           .9 

37.0         1           .9 

Cumulative    117                         100   8.15  7.23 
_____________________________________________________________ 
Note.  Minimum = .5 years; maximum = 37 years 
 

Ancillary Findings 

Although not included as variables in the study, frequencies were 

calculated for the grade level taught by each participant, number of days per 

week each participant taught science, number of minutes per class period 

participants had to teach science, and the grade level in which science as a part 

of the daily curriculum begins.  Table 6 illustrates these findings. 

 Table 6 

Frequencies for Participant Grade Level Taught 
________________________________________________________________ 
 
Grade Level    Frequency    Percent  

Fifth           85        72.6 

Eighth           32        27.4 

Cumulative        117 
________________________________________________________________ 
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Table 7 illustrates the number of days per week that the participants taught 

science. 

Table 7 

Frequencies for Number of Days per Week Science is Taught 
________________________________________________________________ 
 
Days per Week   Frequency    Percent  

2            2         1.7 

3            1           .9 

4            8         6.8 

5        106       90.6 

Cumulative       117 
________________________________________________________________ 
 
Table 8 illustrates the number of minutes per class that the participants taught 

science. 

Table 8 

Frequencies for Number of Minutes per Science Class Period 
_____________________________________________________________ 
 
 Minutes  Frequency  Percent  M  SD 

20           6      5.1  

25         3      2.6    

30       18    15.4 

35         1        .9 

40       10      8.5 

43         1        .9 
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Table 8 (continued). 
_____________________________________________________________ 
 
Minutes  Frequency  Percent  M  SD 

45       14    12.0 

50       21              17.9 

53         3      2.6 

55       10      8.5 

60       26    22.2 

70         1        .9 

90         3      2.6      
     
Cumulative    117             47.03     14.12 
_______________________________________________________________ 
 
Each participant reported the grade level in which science begins as a part of the 

daily curriculum.  Table 9 illustrates these findings. 

Table 9 

Frequencies for Grade Level in Which Science Begins 
________________________________________________________________ 
 
Grade Level    Frequency          Percent   

Kindergarten           22            18.8 

1            10    8.5 

2              4              3.4 

3            22            18.8 

4            18            15.4 

5            37            31.6 

6              3    2.6 
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Table 9 (continued). 
_______________________________________________________________ 
 
Grade Level    Frequency          Percent   

7              1      .9 

Cumulative         117 
________________________________________________________________ 
 
 In summary, descriptive tests were run for all demographic variables and 

sub-scales.  Frequencies, means, and standard deviations were calculated for 

each variable and sub-scale as well.  The researcher also reported frequencies 

for the grade level taught by participants, the number of days per week the 

participants taught science, the number of minutes per class period the 

participant taught science, and the grade level in which science begins as a part 

of the daily curriculum in his or her district. 

Statistical 

Each statistical test conducted was a multiple regression with alpha set at 

.05. Items that were to be reverse scored according to the scoring guidelines 

were corrected as well.   

Hypotheses One and Two 

H1:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to personal science teaching 

efficacy. 

 The researcher failed to reject this hypothesis.  Test results showed a 

significant relationship between personal science teaching efficacy and the 



71 

 

variables of undergraduate science methods courses, level of teacher education, 

number of years as a classroom teacher, and number of years as a science 

teacher.   The overall statistics were F (5, 111) = 3.328, p = .008, R2 = .130.  This 

explains the model was significant because p was less than .05.  The model 

explained 13.0% of the variability in the dependent variable.  The independent 

variable bachelor’s degree was absorbed in the constant with the constant being 

47.53.  The interpretations of the unstandardized coefficient b were as follows: 

 1.  Teachers with a master’s degree resulted in a 2.47 increase in   

      personal science teaching efficacy beliefs, controlling for all other  

      variables. 

 2.  Teachers with a specialist’s degree resulted in a 1.88 decrease in  

      personal science teaching efficacy beliefs, controlling for all other  

      variables. 

 3.  Undergraduate methods courses resulted in a .75 increase in personal  

      science teaching efficacy beliefs, controlling for all other variables. 

 4.  Number of years as a classroom teacher resulted in a .15 decrease in  

      personal science teaching efficacy beliefs, controlling for all other  

      variables. 

 5.  Number of years as a science teacher resulted in a .47 increase in  

      personal science teaching efficacy beliefs, controlling for all other  

      variables.   
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The variable with the greatest significance to personal science teaching efficacy 

beliefs was number of years as a science teacher due to the results of a .39 Beta 

and a significance of .02. Table 10 illustrates these findings. 

Table 10 

Multiple Regression for Hypothesis 1 
________________________________________________________________ 
 
Standardized 
Coefficients  
Model    Beta    t   Sig  
 
(Constant)           32.97   .00 

Masters   .13          1.49   .13 

Specialist                     -.02                     -.32             .74 

Undergraduate methods .15                    1.68              .09 

Classroom teacher            -.15           -.87             .38 

Science teacher            .39          2.33             .02 
________________________________________________________________ 
  
H2:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to science teaching outcome 

expectancy. 

 The results of the multiple regression caused the researcher to reject this 

hypothesis.  The overall statistics were F (5, 111) = 2.26, p = .053, R2 = .092.  

The model explained only 9.2% of the variability in the dependent variable.  The 

hypothesis was rejected because p was greater than .05. 
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 Hypotheses Three and Four 

H3:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to personal science teaching efficacy. 

 The researcher failed to reject this hypothesis.  The overall statistics were 

F (2, 114) = 13.678, p < .001, R2 = .194.  The model explained 19.4% of the 

variability in the dependent variable.  The interpretations of the unstandardized 

coefficient b were as follows: 

 1.  Beliefs regarding student engagement in science resulted in a 2.09  

      decrease in personal science teaching efficacy beliefs, controlling for  

      all other variables. 

 2.  Beliefs regarding instructional strategies in science resulted in a 5.26 

      increase in personal science teaching efficacy beliefs, controlling for all 

      other variables.   

The variable with the greatest significance to personal science teaching efficacy 

was beliefs regarding instructional strategies in science with a .52 Beta and a 

significance of .00.  Table 11 illustrates the results of this test. 

Table 11 

Multiple Regression and Pearson r Correlation for Hypothesis 3 
________________________________________________________________ 
 
Standardized 
Coefficients 
Model    Beta    t   Sig__ 
 
(Constant)       4.05   .00 

Student engagement    -.23             -2.35   .02 
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Table 11 (continued). 
________________________________________________________________ 
 
Standardized 
Coefficients 
Model    Beta    t   Sig__ 
 
Instructional strategies     .52    5.18   .00 
________________________________________________________________ 
 
H4:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to science teaching outcome expectancy. 

 The researcher failed to reject this hypothesis.  The overall statistics were 

F (2, 114) = 25.041, p < .001, R2 = .305.  The model explained 30.5% of the 

variability in the dependent variable.  The interpretations of the unstandardized 

coefficient b were as follows: 

 1.  Beliefs regarding student engagement in science resulted in a 4.21  

      increase in science teaching outcome expectancy, controlling for all  

      other variables. 

 2.  Beliefs regarding instructional strategies in science resulted in a 1.42  

      decrease in science teaching outcome expectancy, controlling for all  

      other variables. 

The variable with the greatest significance to science teaching outcome 

expectancy was beliefs about student engagement in science due to a Beta of 

.63 and significance of .00.  Table 12 illustrates the results of this test. 
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Table 12 

Multiple Regression and Pearson r Correlation for Hypothesis 4 
________________________________________________________________ 
 
Standardized 
Coefficients 
Model    Beta    t   Sig__ 
 
(Constant)       4.79   .00 

Student engagement .63    6.73   .00 

Instructional Strategies      -.18             -1.99   .04 
________________________________________________________________ 
 

Summary 

 This chapter has detailed the descriptive and statistical tests run for this 

study.  Descriptive statistics were run for the sub-scales (a) personal science 

teaching efficacy, (b) outcome expectancy, (c) self-efficacy beliefs about student 

engagement in science, and (d) self-efficacy beliefs about instruction in science.  

Means and standard deviations for each sub-scale were calculated as well.  

Frequencies, means, and standard deviations were calculated for the 

independent variables (a) number of undergraduate methods courses, (b) 

teacher level of education, (c) number of years as a classroom teacher, and (d) 

number of years as a science teacher.  Multiple regressions with alpha set at .05 

were run for the following hypotheses:   

H1:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to personal science teaching 

efficacy. 
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H2:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to science teaching outcome 

expectancy. 

H3:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to personal science teaching efficacy. 

H4:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to science teaching outcome expectancy. 

The researcher failed to reject hypotheses 1, 3, and 4, and rejected hypothesis 2.   

 Although not included as variables in the study, frequencies were 

calculated for the grade level taught by each participant, number of days per 

week each participant taught science, number of minutes per class period 

participants had to teach science, and the grade level in which science as a part 

of the daily curriculum begins.   

 This chapter has served to detail the statistical tests run for this study.  

Further detailed discussion of these results will follow in the next chapter of this 

study.   
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CHAPTER V 

DISCUSSION 

Summary of Study 

 With the October 4, 1957 launch of the Russian satellite Sputnik, came the 

proverbial race to space.  At this time President John F. Kennedy set a goal; by 

the end of the decade to have an American travel to the moon and return safely.  

The goal of the President and the launch of Sputnik enabled supporters of reform 

in science and mathematics education to see their long awaited efforts for reform 

come to the forefront (Bybee, 2007).  Bybee (2007) stated “Sputnik has come to 

symbolize – an era of significant reform of science, technology, engineering, and 

mathematics (STEM) education” (p. 1).  With the reauthorization of NCLB to 

ESEA comes a blueprint for improvements in STEM education.  The proposed 

reform stresses the need to improve literacy in STEM education with standards 

that will foster college and career readiness (U.S. Department of Education, 

2010). 

 One important area in science education is teacher self-efficacy.  Bandura 

(1997) defined self-efficacy as “beliefs in one’s capabilities to organize and 

execute the courses of action required to produce given attainments” (p. 3).  

Bandura (1997) further noted “Unless people believe they can produce desired 

effects by their actions, they have little incentive to act” (p. 3).  The theory of self-

efficacy was one of the underlying reasons the researcher endeavored to 

conduct this study.  With the decline of science test scores in Mississippi, the 
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researcher was determined to find out if any relationships existed between 

science teaching efficacy and different factors in the classroom. 

 The researcher first obtained IRB permission and permission from the 

superintendents of ten school districts to conduct this study.  Upon receiving IRB 

approval, the researcher contacted the principals at the schools in each district to 

meet with the fifth and eighth grade science teachers.  At each meeting the 

researcher asked for voluntary participants to complete the surveys which 

included a demographic survey, STEBI, and TSES.  The researcher also 

explained that the TSES survey should be answered in relation to science 

teaching beliefs and instruction.  The participants were also given letters of 

informed consent at this time.  After two weeks the researcher returned to collect 

the completed surveys.  It was at this time the researcher also gave additional 

copies and time to complete the surveys requested by some participants.  A total 

of 117 surveys were returned of the original 140 distributed.  This resulted in a 

return rate of 83.6%.  Once all surveys had been collected, the researcher 

entered all data into SPSS and statistical programs were completed.  The next 

section of this chapter will give a detailed discussion of these findings. 

Conclusions and Discussions 

 The researcher first conducted descriptive statistical tests for the sub-

scales (a) personal science teaching efficacy, (b) outcome expectancy, (c) self-

efficacy beliefs about student engagement in science, and (d) self-efficacy beliefs 

about instruction in science; as well as the independent variables (a) number of 

undergraduate science methods courses taken, (b) teacher level of education, (c) 
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number of years as a classroom teacher, and (d) number of years as a science 

teacher.  Frequencies, means, and standard deviations were calculated for each 

of the sub-scales and independent variables. 

 The demographic data survey also included questions regarding (a) grade 

level currently teaching, (b) number of days per week the participant taught 

science, (c) number of minutes per class period allotted for science instruction, 

and (d) the grade level in which science becomes a part of the daily curriculum in 

the participant’s school district.  Frequencies were calculated for each of these 

responses; however, this data was not included in the final multiple regressions 

completed by the researcher.  Of the 117 participants, 85 were fifth grade 

science teachers and 32 were eighth grade science teachers.  The number of 

days per week the participants taught science ranged from two days per week to 

five days per week with 90.6% of the respondents teaching science five days per 

week.  The number of minutes per class period for science instruction ranged 

from 20 minutes to 90 minutes with a majority of 22.2% of the respondents 

having class periods of 60 minutes.  The grade in which science begins as a part 

of the daily curriculum ranged from Kindergarten to seventh grade with a majority 

of 31.6% of the respondents noting that science becomes a part of the daily 

curriculum in fifth grade. 

 The researcher ran multiple regressions with alpha set at .05 for the 

following hypotheses: 

H1:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 
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science teacher had a significant relationship to personal science teaching 

efficacy. 

H2:  The number of undergraduate science methods courses, level of teacher 

education, number of years as a classroom teacher, and number of years as a 

science teacher had a significant relationship to science teaching outcome 

expectancy. 

H3:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to personal science teaching efficacy. 

H4:  Self-efficacy beliefs about student engagement and instruction were 

significantly related to science teaching outcome expectancy. 

Hypothesis One and Two 

 The researcher failed to reject hypothesis one and rejected hypothesis 

two.  Overall statistics for hypothesis one showed a significant relationship 

between personal science teaching efficacy and each of the independent 

variables (a) number of undergraduate science methods courses, (b) level of 

teacher education, (c) number of years as a classroom teacher, and (d) number 

of years as a science teacher.  The variable bachelor’s degree was absorbed in 

the constant.  Interpretations of the unstandardized coefficient b showed the 

variables of teachers with a master’s degree, number of undergraduate methods 

courses, and number of years as a science teacher each resulted in increases in 

personal science teaching efficacy beliefs.  The number of years as a science 

teacher was shown to be the most significant variable with a significance of .021.  

Interpretations of the unstandardized coefficient b showed the variables of 
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teachers with a specialist’s degree and number of years as a classroom teacher 

each resulted in decreases in personal science teaching efficacy belief. 

 These results support the existing literature regarding preparation of pre-

service science teachers who will become qualified science teachers in the 

classroom and the importance of science teaching efficacy. 

 The ESEA Blueprint for Reform (2010) purports to strengthen teacher 

preparation programs and professional development for STEM teachers.  The 

ESEA (2010) will “ensure that more prospective teachers, including STEM 

teachers, have access to high-quality preparation programs … funding for 

districts to implement professional development that is relevant to student, 

teacher, and school needs … including developing content knowledge in STEM 

fields” (p. 3).  Minger and Simpson (2006) noted, 

 the importance of cultivating student and teacher attitudes remains vital to 

 the basic framework of science curricula and pedagogy … preservice 

 teacher education programs may be the best time for students to gain 

 experiences that develop favorable beliefs about  the nature of science 

 teaching. (p. 49) 

Teacher preparation programs for pre-service science teachers must ensure the 

candidates are aware of what is expected in the science classroom.  Davis, 

Petish, and Smithey (2006) argue the standards set forth by the Interstate New 

Teacher Assessment and Support Consortium (INTASC) and NSES form the 

basis for what is expected of pre-service and new science teachers.  By adhering 

to these standards pre-service teacher programs can provide a map for what 
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new science teachers are expected to know and to do in the science classroom.  

Research results showed that most pre-service science teachers did not have 

sufficient knowledge of science content.  The researchers found this to be most 

prevalent at the elementary teaching level (Davis, Petish, & Smithey).  Among 

several recommended changes in programs for pre-service elementary science 

teachers is an emphasis to improve pre-service teacher attitudes regarding 

science and science teaching (Cox & Carpenter, 1989; Minger & Simpson, 

2006).  Research has shown that the beliefs held by pre-service teachers can 

have an impact on what is learned (Richardson, 1996; Minger & Simpson, 2006).  

Liang and Gabel (2005) also note, 

 the inadequacy of the preparation of science teachers in the United States 

 has remained an issue for past decades … only 4% of K-5 teachers 

 assigned to teach science in elementary schools had undergraduate or 

 graduate majors in science or science education … fewer than 10% of 

 these felt very well qualified to teach life sciences. (pp. 1144-1145) 

 Finson (2001) stated “When teachers have a low self-efficacy, their 

teaching tends to be characterized by authoritative, teacher-centered roles with a 

less clear understanding of the various developmental levels of their students” (p. 

31).  Finson further noted that science teachers with weak content knowledge 

backgrounds had lower personal efficacy (Rubeck & Enochs, 1991; Finson, 

2001).  Wheatley (2002) argued that some aspects of low self-efficacy in science 

teachers are essential for educational reform; most significantly reform of teacher 

learning.  Tschannen-Moran and Hoy (2001) defined teacher efficacy as “a 
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judgment of his or her capabilities to bring about desired outcomes of student 

engagement and learning … sense of efficacy has been related to student 

outcomes such as achievement” (p. 783).  Teacher efficacy also has an effect on 

teacher behavior in the classroom related to goals, aspirations, and effort put 

forth.  A strong sense of efficacy leads to higher levels of planning, organization, 

persistence, and patience (Tschannen-Moran & Hoy, 2001). 

 Riggs and Enochs (1989) noted that much attention has been placed on 

teacher attitudes regarding science, but not teacher beliefs.  “Teacher belief 

systems, however, have been neglected as a possible contributor to behavior 

patterns of elementary teachers with regard to science” (p. 3).  In order to better 

understand teacher behavior teacher beliefs must be examined as well as 

teacher attitudes (Riggs & Enochs).   

Hypotheses Three and Four 

 The researcher failed to reject both hypothesis three and four.  Overall 

statistics for hypothesis three showed a significant relationship between personal 

science teaching efficacy and the variables student engagement in science and 

instructional strategies in science.  The variable with the greatest significance 

was instructional strategies in science which had a significance of .00.  

Interpretations of the unstandardized coefficient b showed an increase in 

personal science teaching efficacy in regard to beliefs regarding instructional 

strategies in science and a decrease in personal science teaching efficacy with 

regard to beliefs about student engagement in science.  Overall statistics for 

hypothesis four showed a significant relationship between science teaching 
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outcome expectancy and the variables student engagement in science and 

instructional strategies in science.  The variable with the greatest significance 

was beliefs about student engagement in science which had a significance of 

.00.  Interpretations of the unstandardized coefficient b showed an increase in 

science teaching outcome expectancy with regard to beliefs about student 

engagement in science and a decrease in science teaching outcome expectancy 

with regard to beliefs about instructional strategies in science. 

 These findings complement the existing literature regarding the need for 

improved science instructional strategies which foster student engagement in the 

science classroom, primarily through constructivist methods of which inquiry-

based teaching is a tenet. 

 The theories of Piaget, Vygotsky, Dewey, and Bruner are most notable 

regarding the theory of constructivism.  Mooney (2000) noted “these are the 

major contributors to the body of knowledge upon which our best practices … are 

based” (p. xvi).  Kamii and Ewing (1996) suggested, 

 There are three main reasons for basing teaching on Piaget’s 

 constructivism: (1) it is a scientific theory that explains the nature of 

 human knowledge, (2) it is the only theory in existence that explains 

 children’s construction of knowledge from birth to adolescence, and (3) it 

 informs educators of how Piaget’s distinction among the three kinds of 

 knowledge changes the way we should teach many subjects. (p. 260) 

The researchers further noted that although education should not be solely 

based on scientific knowledge, teaching should be based on this knowledge 
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since science does not revert back to archaic theories (Kamii & Ewing).  

Jaramillo (1996) noted Vygotsky’s sociocultural theory contributed to 

constructivism as evidenced by the connection of his theoretical framework to the 

tenets of constructivist curricula and pedagogy.  Jaramillo (1996) stated, 

Conceptual parallels between Vygotsky’s theory and constructivism were 

evident in the following components:  networking, socially negotiated 

meaning making, experimentalism, collectivism, adults and more 

competent peers as learning facilitators, the social and historical 

dimensions of learning, problem solving, and active learning participation. 

(p. 133) 

Tobin, Briscoe, and Holman (as cited in Erdogan & Campbell, 2008) defined 

constructivism as “the construction of knowledge by individuals as sensory data 

are given meaning in terms of prior knowledge.  Learning is an interpretive 

process, involving construction of individuals and social collaborations” (p. 1891).  

Constructivist methods have been the basis for reform in science education.  

Through constructivist methods students are able to formulate learning via social 

interactions and the testing of ideas in context through application of 

understandings (Tobin, Briscoe, & Holman, 1990; Erdogan & Campbell, 2008).  

The shift to a constructivist framework requires teachers to teach in ways that are 

dissimilar to how they were personally taught (Gieryn, 1999; Erdogan & 

Campbell, 2008).  Keys and Bryan (2001) stated,  

 From a cognitive constructivist perspective, knowledge is not independent 

 of the knower; knowledge is understanding physical and abstract objects 
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 in our experience.  For children, knowledge about science will be an 

 individual construction through participation in the social and physical 

 environment of the classroom. (p. 633) 

 As noted in the Standards (1996), inquiry is fundamental for learning in the 

science classroom.  Olson and Loucks-Horsley (2000) suggested that inquiry can 

take many forms; however, “It encompasses not only an ability to engage in 

inquiry but an understanding of inquiry and of how inquiry results in scientific 

knowledge” (p. 13).  One of the foundations for reforms regarding inquiry came 

from John Dewey’s belief that science was more than an accumulation of 

information.  Dewey argued that more emphasis needed to be placed on science 

as a way of thinking along with a method to be learned (Dewey, 1910; Olson & 

Loucks-Horsley, 2000).  In 1999, the National Research Council published six 

general findings regarding inquiry in science.  These findings were: 

 1.  Understanding science is more than knowing facts. 

 2.  Students build new knowledge and understanding on what they already 

      know. 

 3.  Students formulate new knowledge by modifying and refining their  

      current concepts and by adding new concepts to what they already  

      know. 

 4.  Learning is mediated by the social environment in which learners  

      interact with others. 

 5.  Effective learning requires that students take control of their own  

      learning. 
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 6.  The ability to apply knowledge to novel situations, that is, transfer of  

      learning, is affected by the degree to which students learn with   

      understanding.  (Bransford, Brown, & Cocking, 1999; Olson & Loucks- 

      Horsley, 2000, pp. 116-119) 

 Other researchers have suggested that science instruction must be 

designed so that students are engaged in both hands-on and minds-on activities 

(van Driel, Beijaard, & Verloop, 2001; Gunel, 2008). 

Limitations 

 As with any research study, limitations existed that restricted the 

generalizability of the findings.  Within this study there were several possible 

limitations that must be addressed.  The first limitation was the use of purposive 

sampling.  The sample was limited to only fifth and eighth grade science 

teachers; therefore, the results could not be generalized to the entire population 

of science teachers.  A second limitation was the use of school districts located in 

five Mississippi counties.  This limitation does not allow for generalizability to the 

other districts found in the state of Mississippi.  A third limitation was the fact the 

study was only being conducted with teachers in Mississippi, thus limiting 

generalizability to all fifth and eighth grade science teachers in the United States.  

The final limitation that must be addressed was the short duration period of the 

study.  The proposed timelines were followed which allowed for a two week turn 

around between distributing the questionnaires and collecting them for data 

analysis. 
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Recommendations for Policy and Practice 

 The results of the analysis provide substantiation for recommendations for 

current policy and practice.  The knowledge obtained from the study clearly 

shows a need for diligence in (a) the preparation of pre-service science teachers, 

(b) the need for retention of qualified science teachers, and (c) the 

implementation of instructional strategies in the classroom which foster student 

engagement. 

Preparation of Pre-Service Science Teachers 

 Results of the statistical tests for this study showed a mean of 1.68 for the 

number of undergraduate methods courses taken by the participants.  This result 

gives clear evidence that pre-service teachers are not being prepared to enter 

the classroom and teach science effectively; therefore, impacting science 

teaching efficacy beliefs.  With reform efforts in science at a zenith, programs 

need to be enacted that will give pre-service teachers the opportunity to focus on 

science specific methods courses.  University program leaders must ensure that 

all pre-service teachers are prepared to enter the classroom.  Pre-service 

teachers should be given the opportunity to have true concentrations in a content 

subject that consist of more than one methods course.  University program 

leaders need to reevaluate current teacher education programs to ensure pre-

service teachers, both elementary and secondary, are prepared to teach science 

at any grade level.  It would even be prudent to require that secondary science 

teachers have a minor in an area of science in order to receive a teaching 

license. 
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 At the same time, it is the responsibility of administrators in elementary 

and secondary schools to ensure new teachers are provided with ample support 

to increase confidence in science teaching efficacy.  Mentor programs are in 

place in most schools, but these programs need to focus as much attention on 

supporting science teaching as is given to teaching language arts and 

mathematics.  Administrators, especially those in elementary schools, need to 

stress the importance of science in the lower grades.  According to the ancillary 

findings in this study, the average grade in which science begins as a part of the 

daily curriculum was fifth grade.  With the importance of the Mississippi State 

Science Test due to AYP requirements, it is obvious that more emphasis on 

science education in K-4 is needed. 

 The best solution to this problem would be if university program leaders, 

administrators, and teachers, both pre-service and in-service, could foster better 

collaborative efforts.  Clear lines of communication between universities and 

elementary and secondary schools would give a better picture of what pre-

service teachers needed to be better prepared in the science classroom.  Using 

the standards from INTASC and the NSES and input from administrators and 

teachers, a solid foundation could be provided for pre-service science teachers. 

Retention of Qualified Science Teachers 

 Because number of years as a science teacher had the most significant 

impact on personal science teaching efficacy, it is imperative that science 

teachers feel confident in their teaching abilities so they remain in the science 

classroom.  Having confident science teachers will lead to longer terms of 
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retention and a superior quality of instruction, thus benefiting the students in the 

science classroom. 

 The ultimate responsibility for this should be given to administrators in 

elementary and secondary schools.  Administrators, just like classroom teachers, 

need to be held accountable for the deficiencies in science education, especially 

in K-4 classrooms.  When schedules are made for the school year, ample time 

must be given for the teaching of science.  It is quite possible that lower 

elementary teachers feel frustrated because they are given so little time to teach 

science.  Science teachers in upper elementary grades may possibly feel the 

same way.  These feelings of frustration could lead to burn out and a sense of 

apathy in the science classroom, thus resulting in lower beliefs in science 

teaching efficacy.  Tschannen-Moran and Hoy (2001) stated “teachers’ efficacy 

beliefs also relate to their behavior in the classroom.  Efficacy affects the effort 

they invest in teaching, the goals they set, and their level of aspiration” (p. 783). 

 The possible results of lower science teaching efficacy could also be 

shorter tenure time in the science classroom.  If teachers do not feel confident in 

the teaching of science, it is only normal to presuppose they will not remain in the 

science classroom for an extended period of time.  It is vital that schools retain 

qualified science teachers because the consistency, reliability, and expertise of 

these well qualified science teachers in the classroom will in due course result in 

student success. 
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Science Instructional Strategies Which Foster Student Engagement 

 Statistical results for this study showed that instructional strategies in 

science had the most significant relationship to personal science teaching 

efficacy and student engagement in science had the most significant relationship 

to outcome expectancy.  The researcher chose to address these two results 

together due to the belief that the two are interrelated.  Instructional strategies in 

science should foster active student engagement.  The Standards (1996) clearly 

state the need for all students to achieve scientific literacy.  This goal can be 

reached by giving all students the chance to learn science.  Specific principles 

guided the creation of the Standards.  These principles included the thought that 

science learning is an active process; science is something students do through 

active process.  Active process is defined as “physical and mental activity.  

Hands-on activities are not enough – students must also have “minds-on” 

experiences” (p. 20).  Teachers and administrators should work collaboratively 

using the Standards and the guidelines set forth by the Mississippi State 

Department of Education to ensure that quality lessons are being presented in 

the science classroom.  Through collaborative efforts, curricula and assessments 

could truly be aligned with the standards for effective science instruction. 

 Science instruction should also occur on a daily basis at all grade levels.  

Administrators in K-4 should ensure that students in these grades are taught the 

basic principles of science in an interesting and engaging manner.  These grade 

levels set the foundation for success of failure in upper grade level science 

classes.  Without a firm foundation, students in upper grades will continue to 
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struggle in science.  Science instruction should be a combination of methods that 

compliment the desired goals and objectives.  Science education reform 

proponents support a constructivist method of teaching science.  Teaching in a 

constructivist manner allows students to construct their own meaning from 

information that is presented.  Instructional strategies in science should 

encompass the spectrum from the use of the textbook as a guide and teacher 

lecture to critical thinking activities in which students are physically and mentally 

engaged in the learning process.  The ultimate goal of the science teacher 

should be to engage students in actively learning science while fostering an 

appreciation and respect for the subject.  An atmosphere like this in the science 

classroom would be conducive to encouraging students to choose a field of 

science in which to study or work in future years. 

Recommendations for Future Research 

 In education, research must be ongoing to ensure teaching practices do 

not become stagnant.  From the results of this study and from the literature 

reviewed, several recommendations for future research can be identified.   

 1. Because a more solid foundation in science education is needed in  

      lower grades, the researcher would recommend this study be   

      replicated with the use of teachers in grades K-4 as the participants.   

      Special attention should be paid to how confident these teachers feel in 

      their content knowledge of science and how much time is spent daily  

      teaching science.   
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 2.  Because administrators have the ultimate responsibility of ensuring  

      best practices are being followed in the classroom, the researcher  

      would recommend a study be conducted to determine collaboration  

      methods used by administrators with science teachers.  This study  

      should also focus on administrator knowledge of science standards  

      and current trends in science education.   

 3.  Because Mississippi mandates a yearly science test in fifth and eighth  

      grades, the researcher would recommend a study be conducted to  

      determine which factors such as; race, gender, socioeconomic status,  

      and critical needs school districts, has the most impact on yearly test  

      scores.   

 4.  Because data analysis in this study showed a significant relationship  

      between personal science teaching efficacy and instructional strategies 

      and a significant relationship between outcome expectancy and   

      student engagement, this study could be replicated as a qualitative  

      study in which interview, artifacts, and surveys could be used to obtain  

      more specific information regarding current practices in science   

      classrooms.  This study should cover a range of grade levels. 

 5.  Because of the increase in science-related occupations, the researcher 

      would recommend a study be conducted to determine student attitudes 

      and beliefs regarding science.  The results of such a study could be  

      used to develop programs which would enhance the science   
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      curriculum for those students who express a desire to study science in  

      a post-secondary setting. 

Conclusion 

 The motivation of the researcher to conduct this study was not only the 

low science test scores in Mississippi, but a personal desire to see more effective 

methods of science being used in the classroom.  The basis for this study came 

from a qualitative project conducted by the researcher in which it became 

apparent through classroom observations that many teachers did not exhibit 

strength in their knowledge of science.  A heavy reliance on the textbook for 

class instruction with no use of activities which engaged the students, prompted 

the researcher to conduct a literature review.  This review of the literature 

ultimately resulted in the decision to study science teaching efficacy beliefs.  

In this study, the researcher attempted to determine if significant 

relationships exist between different independent variables and the dependent 

variables personal science teaching efficacy and outcome expectancy.  From the 

results obtained through data analysis of the STEBI and TSES, the researcher 

determined that the number of years as a science teacher and beliefs regarding 

instructional strategies in science had the most significant relationship to 

personal science teaching efficacy.  The researcher further determined through 

data analysis of the STEBI and TSES that student engagement in the science 

classroom had the most significant relationship to outcome expectancy. 

It is the hope of the researcher that this study will prompt future research 

into science teaching efficacy beliefs and the need for improved science 
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education in not only Mississippi classrooms, but across the United States as 

well.     

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



96 

 

APPENDIX A 

DEMOGRAPHIC DATA SHEET 

Please provide an answer to each question. 

1. Please indicate the number of undergraduate science methods courses you 
took.  These are courses that were specifically designed for teaching science.  
This will not include courses that would be found as requirements in degrees for 
science and technology or prerequisite courses normally taken in the first two 
years of an undergraduate program.  Examples of these courses would be, but 
are not limited to, biology, anatomy and physiology, physical science, and 
environmental biology. 
 
_________________________________________ 

2.  Please indicate your current level of education.  Do not include any degrees 

that you are in the process of completing. 

_________________________________________ 

3.  Please indicate the total number of years you have been a classroom teacher. 

_________________________________________ 

4.  Please indicate the total number of years you have been a science teacher.  

Please include all years, even if you taught science in conjunction with other 

subjects. 

_________________________________________ 

5.  Please indicate the grade level you currently teach. 

_________________________________________ 

6.  Please indicate the number of days per week you teach science. 

_________________________________________ 

7.  Please indicate the total number of minutes you engage in science instruction 

during the science class period. 

________________________________________ 

8.  In your school district, at what grade level is science content initiated as a part 

of the daily curriculum? 

________________________________________ 
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APPENDIX D 
 

DISTRICT SUPERINTENDENTS’ LETTER FOR PERMISSION TO CONDUCT STUDY 
 

Susan Melony Hanson, M.Ed. 
6803 Cumberland Trail 
Moss Point, MS  39562 

May 18, 2010 
(Insert address for district here) 
Dear (Insert superintendent’s name here), 
 
My name is Susan Melony Hanson and I am a doctoral student at The University of Southern 

Mississippi.  I am beginning my dissertation and would like permission to conduct my study in 

the schools in your district.  My dissertation topic is science teaching self-efficacy and my 

targeted population is 5
th
 and 8

th
 grade science teachers.  Your teachers would be asked to 

complete a short survey that should take no longer than twenty minutes to complete.  Each 

teacher would have two weeks to complete the survey and return it to a designated box in the 

teacher workroom/lounge at their school.  The teachers will be informed that they are not required 

to participate in the study and can withdraw from the study at anytime with no penalty.  Due to 

deadline commitments I am required to get district approval before the proposal of my 

dissertation in July.  Please be aware that the actual study will not take place until the first weeks 

of the 2010-2011 school year.   

 

Through research required for my doctoral classes, I became very interested in the scores for our 

5
th
 and 8

th
 grade science students.  Through data analysis I determined the mean average for 5

th
 

graders was basic.  It was from this research that I decided to choose this topic for my 

dissertation.  I will use the Science Teaching Efficacy Belief Instrument to determine the level of 

confidence our science teachers have, and what factors such as; undergraduate science methods 

courses, years teaching, and level of education, have on science teaching self-efficacy. 

 

All participants, school names, and results will remain anonymous.  Participant numbers and 

letters representing all schools will be used to ensure this anonymity.   The only persons that will 

have access to these results will be me and the members of my dissertation committee.  These 

members include:  Dr. Rose Jones, chairman, Dr. J.T. Johnson, statistician, Dr. Hani Morgan, Dr. 

Stacy Reeves, Dr. Barbara Stanford, and Dr. Mary Beth Evans.   

 

This project will be reviewed by the Human Subjects Protection Review Committee, which 

ensures that research projects involving human subjects follow federal regulations, before the 

study is conducted.  Any questions or concerns about rights as a research subject should be 

directed to the chair of the Institutional Review Board, The University of Southern Mississippi, 

118 College Drive #5147, Hattiesburg, MS 39406-0001, (601-266-6820). 

 

If you have any further questions or would like to meet with me in person, please feel free to 

contact me at 228-990-1058 or susan.hanson@eagles.usm.edu.  If you are willing to allow your 

teachers to participate in this study please sign the attached form and return it to me in the self-

addressed stamped envelope provided.  Upon receiving your approval, as a courtesy I will contact 

the principals at each of the schools to obtain their permission as well. 

 

Sincerely, 

Susan Melony Hanson, M.Ed. 
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APPENDIX E 

SUPERINTENDENTS’ PERMISSION FORM TO CONDUCT STUDY 

(Insert school address here) 
 
 

Permission to Conduct Dissertation Study 
Susan Melony Hanson, M.Ed. 

 
I, ____________(Superintendent’s Name)_____________________, give Susan 
Melony Hanson permission to conduct her dissertation survey- Science Teaching 
Efficacy Belief – with the 5th and 8th grade science teachers in my district.  I 
understand the study will not be conducted until approval has been granted from 
the Institutional Review Board at The University of Southern Mississippi, and that 
the teachers are in no way obligated to participate in the study.  I further 
understand that teachers may withdraw from participation in the study at anytime 
with no fear of penalty.   
 
 
___________________________________________ 
Signature 
 
___________________________________________ 
Date 
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APPENDIX F 

IRB APPROVAL 
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APPENDIX G 
 

TEACHER INFORMED CONSENT LETTER 
 

November 29, 2010 
 
Dear Teacher, 

My name is Melony Hanson and I am a doctoral student at The University of Southern 
Mississippi.  I am conducting my dissertation study regarding science teaching efficacy 
and science teaching beliefs of 5th and 8th grade science teachers.  The attached 
questionnaires will help me to measure these attitudes and should take you 
approximately twenty minutes to complete.  Once you have completed the questionnaire 
please place it in the manila envelope I have provided, seal it, and then return it to the 
designated box in the teacher’s lounge.  As a former teacher I am well aware of the 
demands on your time and would greatly appreciate your participation.   
 
Participation in this study is completely voluntary and you may decline to participate or 
discontinue participation at any time.  All information and data collected during this study 
will be completely anonymous, and any identifying information inadvertently obtained will 
remain confidential.  Upon completion of the study all information, data, and 
questionnaires will be destroyed. 
 
Your participation in this study will help me to better understand how science teaching 
efficacy and science teaching beliefs are possibly related.  It is hoped the results of this 
study will aid in developing more effective curriculum planning and alignment through 
teacher collaboration, thus having a positive effect on the state science test scores.  I will 
be presenting the results of my findings to my dissertation committee; however, neither 
you nor your school will be identified in the results. 
 
By completing the attached questionnaire you are granting permission for this 
confidential data to be used for the purposes described above. 
 
This project has been reviewed by the Human Subjects Protection Review Committee, 
which ensures that research projects involving human subjects follow federal 
regulations.  Any questions or concerns about rights as a research subject should be 
directed to the chair of the Institutional Review Board, The University of Southern 
Mississippi, 118 College Drive #5147, Hattiesburg, MS  39406-0001, (601) 266-6820. 
 
If you should have any questions are concerns please feel free to contact me at 228-
990-1058 or susan.hanson@usm.edu.  Thank you so much for your participation in this 
study. 
 
Sincerely, 
 

Susan Melony Hanson 
Susan Melony Hanson 
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