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The focus of this study was to discover what impact a museum-based science 

methods course would have on 14 early childhood/elementary pre-service teachers' self

efficacy and ability to develop curriculum using a constructivist approach. Data were 

gathered using the STEBI-B, modified by Bleicher (2004). A paired-samples t test 

indicated there was significant change in the pre-service teachers ' self-efficacy pre-and 

post-museum course participation. 

The investigation also analyzed student-created learning centers intended for use 

in the students' future classrooms. Students created two learning centers, one before 

interaction with exhibits in the museum and one at the end of the course. At the 

conclusion of the semester, both sets of learning centers were analyzed using the 
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Framework for Assessing Excellence instrument (Serrell, 2006). A paired-samples t test 

showed increased ability to create constructivist-based materials. 

The third area of study involved a focus group comprised of the pre-service 

teachers. Researcher-designed questions focused on the change in self-efficacy beliefs of 

the pre-service teachers, from pre-to post-museum experience. Questions were designed 

to add depth to information gained from the quantitative data gained from the STEBI-B 

and the Framework for Assessing Excellence. Qualitative procedures were conducted to 

determine common themes and beliefs derived from written reflections and audiotaped 

focus group discussion. Students reported the museum context did increase their 

confidence, excitement, and ability to develop and use resources for science instruction. 
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Chapter 1 

Introduction 

Preface 

The focus of this study was to discover what impact a museum-based science 

methods course would have on early childhood/elementary pre-service teachers' self

efficacy and ability to develop curriculum using a constructivist approach. 

The investigation first explored pre-service teachers' pre- and post-museum visit 

self-efficacy as it related to teaching science. It was measured by the STEBI-B, the 

Science Teaching Efficacy Beliefs Instrument (Appendix B), a recognized instrument for 

use with pre-service science teachers. Using a 5-point Likert scale, the survey is designed 

to provide a measure of science teaching self-efficacy and outcome expectancy in pre

service elementary teachers. A paired-samples t test was conducted to determine if there 

was significant change in the pre-service teachers' self-efficacy pre-and post-museum 

course participation. 

The investigation also analyzed student-created learning centers intended for use 

in the students' future classrooms. Students created two learning centers, one before 

interaction with exhibits in the museum and one at the end of the course. At the 

conclusion of the semester, both sets of learning centers were blindly evaluated by four 

elementary methods course professors, none of whom had interaction with the subject 

class. The centers were analyzed using the Framework for Assessing Excellence 

instrument (Appendix C), a new assessment tool developed and tested by accepted 



museum experts. The Framework is designed to assess exhibits as they relate to levels of 

achievement on four specific criteria, Comfortable, Engaging, Reinforcing, and 

Meaningful. Due to one judge removing herself during the pilot study, inter-rater 

reliability was established during the actual study, rather than the pilot study. 

The third area of study involved a focus group comprised of the pre-service 

teachers. Researcher-designed questions (Appendix D) explored the change in self

efficacy beliefs of the pre-service teachers, from pre-to post-museum experience. 

Questions were designed to add depth to information gained from the quantitative data 

gained from the STEBI-B and the Framework for Assessing ExceiJence. Qualitative 

procedures were conducted to determine common themes and beliefs derived from 

written reflections and audiotaped focus group discussion. 

This chapter contains the background for the study, an introduction to the 

problem, statement of the problem, background for the study, significance and purpose 

for the study, operational definition of terms, theoretical framework undergirding the 

research, research hypotheses, statistical operations to test the hypotheses, and limitations 

of the study. Chapter 2 discusses relevant theory and studies in early childhood, adult 

learning, and museum learning. Chapter 3 describes the research design and methodology 

used to explore the study. Chapter 4 discusses the results of the study. Chapter 5 contains 

conclusions and implications for research, practice, teacher education, and museum 

education as welJ as questions for further study. 

2 



Introduction to the Problem 

The Problem of Poor Science Achievement in Elementary School 

Concern for the poor performance of American public school children is not new. 

With the launch of Sputnik II in 1957, the United States began a comparison race with 

the world. Presidents have commissioned reports that resulted in legislation aimed at 

improving the test scores of students in science, math, and reading: President Reagan, A 

Nation At Risk; President Clinton, Goals 2000, Educate American Act; and the current 

President Bush, the No Child Left Behind Act. Each sought to strengthen students' 

understanding of content and improve rankings within the states and ultimately the world. 

Unfortunately, America has not found the magic formula to cure low science 

achievement. In 2003, the last year data was reported, the Trends in International Math 

and Science Study (TIMSS), conducted by the Institute of Education Sciences at the 

National Center for Education Statistics, reported that the mathematics and science 

achievement of U.S. fourth graders between 1995 and 2003 showed no measurable 

change in the average mathematics and science scores. In addition, the data suggest that 

the performance of U.S. fourth graders was lower in 2003 than in 1995, relative to the 

other 14 countries that took part in the study (National Center for Education Statistics 

[NCES], 2003). When we examine the following chart, we see some alarming trends with 

respect to progress. In spite of all the legislation and focus, when compared to the world, 

the U.S. elementary science students are losing ground, not gaining. 
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Table 1 

Differences in Average Science Scaled Scores of Fourth-Grade Students, by 

Country: 1995 and 2003 

Country 1995 2003 Difference 1 

Singapore 523 565 42& 
Japan 553 543 -1 o ... 
Hong Kong SAR2 ·3 508 542 35& 
England3 528 540 13& 

United States3 542 536 -6 
(Hungary) 508 530 22& 
(Latvia-LS 8)4 486 530 43& 

(NetherlandsP 530 525 -5 
New Zealand5 505 523 18& 

(Australia)3 521 521 -1 
Scotland2 514 502 -12" 
(Slovenia) 464 490 26& 
Cyprus 450 480 30& 
Norway 504 466 -38'1' 
Iran, Islamic Republic of 380 414 34& 
.o.p<.05, denotes a significant increase . 
-..p< .05, denotes a significant decrease. 

(NCES, 2003) 

Individual states, in attempting to comply with the No Child Left Behind Act, have 

initiated testing at designated grade levels to determine the success of various 

interventions. For example, Florida's elementary children are tested on their science 

knowledge in the fifth grade with the Florida Comprehensive Achievement Test (FCAT). 

Individual, school, and district scores are compiled, analyzed, compared, and then used to 

"inform instruction" for the next testing year. Many schools have hired specialized 

science teachers and emphasis is placed on making science meaningful. Even so, the 

basic content areas, Physical and Chemical, Earth and Space, Life and Environment, and 

Scientific Thinking prove to be elusive. In spite of all the emphasis, Florida results are 

disappointing. The Florida Department of Education in the 2005 District and School 
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Reports confirmed that in 2003, Florida's fifth graders correctly answered 28 out of 49 

points (57%) and in 2005, 30 out of 51 (59%). Clearly, intervention strategies are not 

making significant differences (Florida Comprehensive Assessment Test [FCA T], 2005). 

In Palm Beach County, the setting for this study, the fifth-grade students scored at the 

state average, just 30 out of 51. 

In 2007, the first year science scores were to count in the point totals toward 

Florida school assessments, fifth-grade students did improve, but only slightly. Only 49% 

met the passing score, which is defined by the Florida Department of Education as having 

"partial success with challenging content of the Sunshine State Standards but the 

performance is inconsistent. A student scoring in Level 3 answers many of the test 

questions correct, but is generally less successful with questions that are most 

challenging" (FCAT, 2005). This meant that 51% of the fifth-grade students had "little 

success" or "limited success" with the science portion of the state test. In contrast, 

students scored 64% for reading, 72% for math, and 89% for writing (FCA T, 2005). 

Clearly, there is a need for improvement. 
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Table 2 

FCAT Science Scores- Grades 5, 8, and 11 

Science Scores- Grades 5, 8, and 11 * 
Statewide Results for 2003 to 2005 

Florida (:Mnprej,ensi>le AHHtme~l len 

Number of 
Students 

Grade Year 

Average 
Mean Scale 

Score 

5 

5 

5 

8 

8 

8 

2003 191,470 285 
Number of Po1nts Possible 

Percent of Possible Points 

2004 195,700 286 
Number of Po1nts Possible 

Percent of Possible Points 

2005 180,453 296 
Number of Po1nts Possible 

Percent of Possible Points 

2003 189,425 287 
Number of Po1nts Possible 

Percent of Possible Po1nts 

2004 195,351 286 
Number of Points Possible 

Percent of Possible Points 

2005 198,670 291 
Number of Po1nts Possible 

Percent of Possible Points 

(FCAT, 2005) 
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The Recommendations From the Standards for Science Teacher Preparation 

In the introduction to the revised Standards for Science Teacher Preparation 

(National Science Teachers Association [NSTA], 2003), the vision for public school 

science education is articulated. It operates with the assumption that scientific literacy 

should be a primary goal of science education at the pre-college level. The standards 

define scientifically literate citizens as ones who not only understand the subject matter 

of science, but also "know and understand the evidence behind the major concepts of 

science, how such evidence was obtained, and why it has been accepted" (NST A, p. 1 ). 

These standards recommend that pre-service teachers develop classroom techniques and 

strategies that focus on discovery learning, a strategy where the teacher sets up the 

problems and processes, allows for inquiry, and facilitates the activity but allows the 

students to make sense of the outcomes on their own. In his provocative book, The World 

is Flat, Thomas Friedman (2006) quotes Doc Searls, senior editor of the Linux Journal, 

I live by the equation CQ + PQ > IQ (curiosity quotient +passion quotient is 

greater than IQ). Give me a kid with a passion to learn and a curiosity to discover 

and I will take him or her over a less passionate kid with a high IQ every day of 

the week. Because curious, passionate kids are self-educators and self-motivators. 

(p. 304) 

The question is how to create those curious, passionate kids. 

The Influence of Science Teacher Methodology 

Research has studied teacher behaviors that influence student understanding and 

learning. Fifth-grade students do not suddenly Jearn all there is to know about science in 

fifth grade. It is a cumulative process that begins in early childhood, one skill and concept 
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building on another. If fourth graders and fifth graders, or even twelfth graders are to be 

scientifically literate, they must be taught in a manner where they can integrate new 

information to old, internalize the concepts, and use the knowledge to solve problems. 

Constructivist approaches to hands-on science allow children time to manipulate objects, 

engage in questioning, and plan investigations about how and why things work. Wolfe 

(200 1) and Bransford, Brown, and Cocking (2000) among others, describe how current 

brain research confirms that concrete, constructivist experiences in young children 

provide the basis for later science learning. 

In the attempt to improve science learning in children, attention has turned to pre

service teacher preparation. Unfortunately, as John Goodlad articulates, teachers, no 

matter what theory they believe, tend to teach the way they were taught (McDermott, 

1990). Students' prior experiences are powerful. McDermott found that if the goal of 

science instruction is for teachers to use hands-on techniques, then teachers need to work 

through a substantial amount of content in a way that reflects this spirit because teachers 

often try to use methods and even instructional materials in their classrooms that are very 

similar to those which they have used in their college courses (p. 138). Research studies 

(Taylor & Lucas, 2001; Watters & Ginns, 2000) showed that pre-service teachers being 

taught with the constructivist methods of inquiry and discovery improved their own 

learning and confidence in teaching science. In Watters and Ginns' study, using 161 pre

service teachers, a learning environment using social constructivist perspectives increased 

not only conceptual and pedagogical knowledge but students' self-efficacy as well. 

Taylor and Lucas compared the learning outcomes of two teachers' college classes, one 

taught with strategies derived from a constructivist perspective while the other taught in 
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the usual transmissive style found that the constructivist-based pedagogy class generally 

developed deeper conceptual understanding of the topics. However, Kelly (2000) 

articulates the dilemma, if teachers have never experienced this type of science 

themselves, how will they be able to re-create it accurately in their own classrooms? If 

elementary school students are to become scientifically literate they must have teachers 

who in their science methods preparation are provided with multiple opportunities to 

solve open-ended problems, and use constructivist teaching methodologies and learning 

cycles (NST A, 2003, p. 19). In addition, the Standards for Science Teacher Preparation 

recommend that pre-service teachers be able to relate their discipline to the local and 

regional communities and be able to "identify, locate and use those community resources 

outside the school." Involving students in informal educational opportunities, such as 

local museums, is identified as a possible way of fulfilling this standard (NST A, p. 25). 

The Influence of Teacher Self-Efficacy Attitudes About Teaching Science 

Indicators, other than science teaching methodologies, have been identified as 

factors influencing the classroom performance of pre-service teachers. While a lack of 

scientific content "depth and breath" knowledge obviously created negative classroom 

success, Ediger (2002) emphasized that the development of positive teacher attitudes 

toward science in teacher education courses created improvement of teacher practices. 

Work by Bandura defines self-efficacy as "the beliefs in one's capabilities to organize 

and execute the courses of action required to produce given attainments" (Bandura, 1997, 

p. 3). He believed self-efficacy is composed of two critical components, efficacy 

expectations (how well one can execute the task) and response-outcome expectancies 

(how well the execution of the task will produce the desired result). Pre-service teachers' 
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personal beliefs about their science knowledge and their ability to actually communicate 

that content have been shown to positively or negatively influence their self-efficacy. 

Research by Watters, Ginns, Enochs, and Asoko ( 1995) found that it was how the pre

service teachers felt toward science that affected not only what methodologies they used, 

but even the amount of time they spent in teaching science. Those teachers who felt they 

could explain science concepts to children and felt more positive toward the subject had 

more confidence in their ability to teach it. 

The Influence of Context on Teaching Science 

Another, less studied factor influencing the success of pre-service teachers, is the 

context of the science methods course. In 1997 and 1998, science methods students at the 

University of Technology in Sydney, Australia, participated in a museum-based course 

where they were paired with museum mentors to create learning materials that would be 

used with children visiting the museum. Results demonstrated that 63% of students 

agreed that their understanding of working with groups was improved, 73% felt the 

course helped them to develop the ability to plan their own activities, and 79% felt the 

experience extended their ability to work creatively (Griffin & Pressick-Kilborn, 2006). 

Jung (2004), in an ethnographic study, found that teachers participating in museum and 

nature center contexts training self-reported improved presentation skills, classroom 

management and improved confidence to teach science. 

Statement of the Problem 

Studies have found that elementary school students' science scores are not 

meeting expectations. Nationally recognized organizations, legislatures, test scores, and 

teachers themselves admit that science is often not being taught effectively in elementary 
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school. In addition, pre-service teachers' self-efficacy toward teaching science is often 

negative due to prior experiences with science teaching and content. These experiences 

have often created a lack of confidence in being able to communicate science concepts in 

an effective manner that in turn influences the amount of time and type of instruction 

used in the early childhood/elementary classroom. To address these negative attitudes, it 

is necessary to investigate pre-service teachers' self-efficacy toward teaching science and 

then their ability to design appropriate curriculum in their science methods course. 

The development of the research question, "How does a museum-based science 

methods course affect early childhood/elementary pre-service teachers' self-efficacy and 

ability to develop curriculum using a constructivist approach?" was based on three 

important findings about science teaching and learning: (a) standardized testing indicates 

the science knowledge of K-12 students to be below expectations at all levels, beginning 

in fifth grade; (b) pre-service science teachers' attitudes toward teaching science range 

from fear and apprehension to excitement, but help determine the time and quality of 

experiences given to science in their classrooms (Watters et al., 1995); and (c) the 

research relating to pre-service teachers has found that inexperienced teachers model 

their actual teaching methods on the way they were taught, no matter what learning 

theory they believe to be true (Good! ad, 1984 ). 

This study focused on one variable, the context of the science methods course. 

Would having pre-service teachers learn about constructivist methods in a hands-on 

science environment make a difference in their self-efficacy about teaching science and 

their creation of curriculum for their students to use? Specifically, would the pre-service 

teachers be able to create a learning center that mirrored constructivist-based science 
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museum exhibits where the learning emphasis was on manipulation of objects and 

questions to foster inquiry rather than simply matching definitions or concepts? 

Therefore, the research question for this study was, "How does a museum-based science 

methods course affect early childhood/elementary pre-service teachers' self-efficacy and 

ability to develop curriculum using a constructivist approach?" 

Background for the Study 

In looking at the broad state of the education field, we can see the merging of two 

entities that formerly stood alone- the school environment (formal education) and the 

museum environment (informal education, often identified as "free choice"). One such 

blending program is the Center for Informal Learning and Schools (CILS), a partnership 

between the San Francisco Exploratorium, King's College London, and the University of 

California Santa Cruz. Funded by the National Science Foundation, CILS's purpose is to 

"strengthen the learning of K-12 science, mathematics, and technology through 

undertaking research. It focuses on the national science infrastructure and is concerned 

with making science accessible for all children. It seeks to build bridges between out-of

school and in-school science learning. The CILS intends to use its research about 

informal learning to strengthen the ties to formal institutions as well as better 

understanding the complex nature of learning (Exploratorium, 2006). 

Today, formal and informal learning centers, or "free choice" institutions, are 

collaborating to provide constructivist-based learning activities for children, in-service, 

teachers, and pre-service teachers. Museums are clearly coordinating efforts with school 

representatives to provide constructivist activities using materials that would be 

financially out of reach for an individual teacher or school (Koch, personal 
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communication, April 2005). Blending of both the school and museum worlds is taking 

place in charter schools such as the newly opened primary school at the Miami Children's 

Museum. 

Since 1990, the concept of the museum school has been evolving both in theory 

and practice. In 1998, the Museum Schools and Student Success: A National Discussion 

conference was sponsored by the Institute of Museum and Library Services, the 

Smithsonian Institution, and the Science Museum of Minnesota. Plans for assessing long

term impact of museum schools on student achievement were considered (Klein, Course, 

Grigsby, Hardin, & Ward, 2001 ). In a museum/school partnership between the St. Louis 

Science Center and the Compton-Drew Investigative Learning Center Middle School, 

teachers and museum officials collaborate to develop units in various content areas and 

provide graduated levels of engagement between the school and the science center. In 

addition, Howard Gardner advocates the use of informal learning contexts because they 

allow for use of multiple modalities of learning and permit the learner to be in charge of 

his/her own learning (Gardner, 1993). As a discussant at the 2000 American Educational 

Research Association symposium, he challenged participants to "document the genius of 

the museum as a unique learning environment" (Leinhardt & Crowley, 2001, p. 303). 

Dr. Maritza MacDonald, Director of Professional Development for the American 

Museum of Natural History, instructs teachers in the museum setting during summers and 

on Saturdays. Working in New York City at both Lehman College and Teacher's 

College, her courses are "designed to prepare science teachers to use museums and other 

free choice science settings and resources for curriculum and instruction" (MacDonald, 

personal communication, 2005). Her courses focus on using the museum to explore 
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different instructional models, addressing literature on cognitive changes, and learning in 

informal settings through the use of authentic objects and processes to change minds and 

deepen understanding (MacDonald). 

Further evidence of the blending of the formal and informal/free choice learning 

worlds can be seen in positions held by such educators as Dr. Elee Wood, Public Scholar 

of Museums, Families, and Learning. Dr. Wood currently holds appointments at Indiana 

University/ Purdue University at Indianapolis, where she works with pre-service teachers 

and the Children's Museum of Indianapolis. Viewing the museum as much a classroom 

as the university, she believes it can be used as an invitational activity to set the stage or 

be the primary teaching tool - from looking at pedagogy and content areas to talking 

about integrated learning. Exhibit objects are used to reinforce ideas in the classroom and 

provide opportunities to talk about different ways of learning and teaching. In addition, 

other area universities, such as Butler University, use the museum to help pre-service 

teachers understand ways to teach experientially (Wood, personal communication, 2006). 

The Exploratorium partners with and trains teachers to take advantage of effective 

learning experiences for students, while attending the museum, as well as providing 

hands-on activities and materials for use in the classroom. Identified in the Exploratorium 

literature as "Snacks," these high-interest explorations can be completed with minimal 

teacher direction and often relate or extend concepts developed in the museum exhibits. 

Teachers may use these constructivist activities for learning centers, whole-group 

instruction, or small-group investigations (Exploratorium, 2006). 
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Significance and Purpose of the Study 

This study is an attempt to discover whether a museum-based science methods 

course can make a positive difference in pre-service teachers' self-efficacy about 

teaching constructivist-based science and their ability to develop constructivist-based 

learning centers for use with their future students. 

The research question, "How does a museum-based science methods course affect 

early childhood/elementary pre-service teachers' self-efficacy and ability to develop 

curriculum using a constructivist approach?" is important for pre-service teachers, 

teacher education, museum officials, and ultimately university-museum partnerships. 

Teacher education programs are searching for ways to be more effective. Guest speakers, 

field trips, field experience components as well as theory, demonstrations, and videos are 

the typical instructional activities in a traditional university-based methods course. 

However, the science scores of these future teachers' students are not improving even 

though under the current system of instruction, Tobias ( 1992), in Kelly (2000), reports, 

that billions of dollars have been spent on science reform. Clearly, changes are needed. 

The National Science Teachers Association in their Standards for Science Teacher 

Preparation (NSTA, 2003) calls for reform in teacher education, away from lecture and 

toward inquiry and discovery-based science methods courses. 

In order for early childhood/elementary pre-service teachers to create 

constructivist-based activities and developmentally appropriate materials for their future 

students, they first must be able to recognize what high quality activities look like. 

Research has shown that in order for student teachers to plan with constructivism in 

mind, they must be involved with constructivist activities, not just read about them. The 
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hands-on science museum is the logical place for constructivist theory immersion. 

Engaging exhibits are being designed to have multiple entry points, stimulate curiosity, 

and enhance understanding (AHen, 2004a). On-going conversations between exhibit 

designers and learning researchers provide a stimulating context in which to place early 

childhood/elementary pre-service teachers. The museum also provides a rich environment 

where children can become comfortable with constructivist thought because of the unique 

experiences it can provide. Pre-service teachers can shadow exhibit "explainers" and then 

become volunteer docents, observe museum classroom demonstrations and hands-on 

activities, evaluate the effectiveness and appropriateness of exhibit activities, and 

eventually create similar learning centers and activities for themselves and other teachers. 

This study held significance for the museum community as we]] as colleges of 

education. As students used the Framework for Assessing ExceHence tool and 

approached learning center design from a pre-school or elementary school educators' 

perspective, they were able to discuss and reflect on the quality and effectiveness of 

museum exhibits with the class and museum docents. 

One of the course requirements, although not involved in the study, was for the 

early childhood/elementary pre-service teachers to create packets of activities for teachers 

to use when bringing a class to the museum. To provide useful, high quality constructivist 

materials for various grade levels, the students opened dialogue between the university 

and the museum docents and scientists. 

However, perhaps the most valuable benefit of this specific study was not on the 

pre-service teachers, the college of education, or the museum separately. The true impact 

was in the coHaboration and partnership that has developed and will last longer than this 
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research project. Cooperative decisions will be made about which current exhibits are 

useful for the teacher candidates to study and quite possibly, what exhibits will be needed 

to demonstrate concepts more appropriately. As a result, preschool/elementary students 

will have teachers who are comfortable with the museum exhibits, programs, and 

personnel and see the benefits of the constructivist-based environment. The ultimate goal 

is to inspire passion and curiosity in not only the pre-service teachers who were involved 

in the study, but also in future pre-service teachers. 

This study was significant because it explored the relationship between pre

service teachers' experiences in a methods course set in a museum with their self-efficacy 

about teaching science and their creation of constructivist activities. Would the alternate 

setting provide a context for deeper learning which is evidenced by output, or does the 

museum merely provide a "fun" diversion from the traditional university classroom? If 

colleges of education can positively influence the self-efficacy and curriculum design 

capabilities of pre-service teachers, they will be able to potentially influence thousands of 

children toward science literacy. 

Operational Definition (~{Terms 

Constructivism is the theory that describes learning as taking place in contexts; learners 

form or construct much of what they learn and understand as a function of their 

experiences in situations (Schunk, 2004 ). 

Developmentally Appropriate Activities (DAP) are experiences that are age, culturally, 

and developmentally appropriate (National Association for the Education of 

Young Children [NAEYC], 1996). 
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Informal education is defined by the Center for Informal Learning and Schools 

(Exploratorium, 2006) to be situations where learners choose, control, and 

collaborate in their own learning. It is sometimes identified in the literature as 

"free choice." 

Learning is a "change, small or large, that happens in a person's cognitive structure 

because of a new integration - new information attitudes, feelings, or skills; new 

connections between prior knowledge and new information, and/or a new 

reflection of something already known" adapted from Serrell (2006) in Judging 

Exhibitions: A Framework for Assessing Excellence 

Learning Centers are places in a classroom where children are free to explore, 

manipulate, create, and work where their interests take them (Morrison, 2007). 

Branscombe, Castle, Dorsey, Surbeck and Taylor (2003) describe constructivist 

work spaces as places where problem solving engages children in observing, 

describing, comparing, questioning, gathering data, verifying, interpreting, 

evaluating and performing other investigations. In this study, pre-service teachers 

will design activities and gather materials for use in science centers. A criteria 

sheet, developed from the pilot study, for evaluating the learning center is 

included at the end of the EDU 4083 Syllabus (Appendix H). 

Museum in this study is an interactive, hands-on science museum that services the public 

and school groups, K-12. Russell (1994) believes the constructivist museum 

contains planned exhibits and experiences which "assume that humans are 

intrinsically motivated to attempt to make sense of things and bring their own 

'nai've' theories about why things happened the way they do" (p. 3). Both science 

18 



museums and children's museums that either entirely, or in specific sections, 

which are designed for the pre-k to primary-aged child (ages 3-8) are included. 

Pre-service teachers are those students who have not yet graduated from the College of 

Education and are typically juniors and seniors. 

Science methods course is defined in this study as 'Teaching Science in the Elementary 

School." It is the contact point where university students apply science knowledge 

and the Sunshine State Standards to exams and products as they Jearn 

methodology for teaching science concepts. It includes a 16-hour field placement 

where students facilitate and teach in either a private or public school setting. 

Sunshine State Standards are the criteria for science concept knowledge in Palm Beach 

County Schools and the state of Florida. 

University classroom is the traditional setting for methods course work. 

Theoretical Framework for the Study 

The theoretical framework for this study looks first at early childhood/elementary 

pre-service teachers' self-efficacy toward effectively teaching science concepts to 

children. It draws on the work of Bandura ( 1994 ), who established how a strong sense of 

efficacy fosters accomplishment and reduces stress. Bandura believed that the most 

effective way of creating a strong sense of efficacy is through mastery experiences that 

build a "robust" belief in one's ability to perform at a high level and to exercise control 

over events that affect their lives. Experience in successfully overcoming obstacles and 

setbacks develops persistence, which helps to create resiliency. 

Self-efficacy allows people to approach new and difficult tasks as challenges to be 

overcome and to set challenging goals. People with high self-efficacy tend to be resilient 

19 



when failure does occur. In contrast, people with low self-efficacy have weak 

commitment and view difficult situations as a threat. When presented with challenges, 

they tend to dwell on possible adverse outcomes rather than concentrating on how to 

perform successfully. 

To raise self-efficacy, we must look at how adults (pre-service teachers) learn 

best. Adult learning theory, pioneered by Knowles ( 1986), recognizes that adults learn 

differently from children, and thus should be taught differently. Andragogy, the theory 

and practice of adult learning, identifies characteristics of adult learners that are different 

from that of children and should be addressed when planning effective teaching 

experiences for pre-service learning. Speck ( 1996) explores these issues from an 

instructor's perspective when planning activities for educators. Some tenets of adult 

learning are: (a) adults tend to be goal-oriented. They will commit to learning when the 

goals and objectives are realistic and important to them. Courses should help students 

meet those needs; (b) adult learners have a wide range of previous experience and 

knowledge. Therefore, theories and concepts should be related to experiences the adults 

have had; (c) ego is involved in adult learning. The learning process must provide support 

from peers and reduce the fear of judgment. Teachers should facilitate rather than lecture; 

(d) adult learners need to see that professional development and their day-to-day 

activities are related and relevant. New material needs to be applicable to situations that 

adults see as having meaning for them personally. 

The second theoretical area draws on ideas about learning from the perspective of 

both early childhood and museum studies. While seemingly two distinct areas of thought, 

these two arenas provide the backdrop for the blending of philosophies that undergird this 
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investigation. The belief in constructivist learning, that it is the child who makes meaning 

of his experiences, is at the heart of both fields. This investigation seeks to discover the 

best way to explore this "meaning making" from the writings of Dewey ( 1944 ), Gardner 

(1993), Kamii and DeVires (1993), Piaget (1977), and Vygotsky (1978). 

In addition to brain researchers Caine and Caine, Table 3 presents constructivist theorists 

and their premises, which are relevant to this study. 

Table 3 

Theoretical Framework for the Study: Contributing Theorists and Constructivism 

Theorist Learning Learning Learning Learning Reference 
Concept Concept Concept Concept 

Dewey Freedom to Democracy in Authentic Active Dewey, 1944 
choose the classroom Learning Learning 

Activities All parties Classroom "An ounce of 
should be play a part in activities are expenence1s 
meaningful to learning and real-world worth a ton of 
the learner have input situations/ theory. " 

into group learning is in 
decisions and a meaningful 
negotiations context-

"educative" 

Pia get Active Disequilibriu 3 types of Cognitive 
learning ml learning Stages Kamii and 

equilibrium De Vires, 
Students must Physical Children's 1993 
interact with Resolving (categories) beliefs are 
the discrepant Logico- different from 
environment events mathematical adults 

through (inferences) 
activity Social (rules 

and norms) 
(table continues) 
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Table 3 (continued) 

Theorist Learning Learning Learning Learning Reference 

Concept Concept Concept Concept 

Vygotsky Scaffolding Significance Zone of Sociocultural/ Vygotsky, 
of Language Proximal Historical 1978 

"Creator of Development Learning 
the natural Through ties 
moment" -role and The Children 's 
of the teacher experience provocateur learning 
is to scaffold with others must know should be in 
children's children come the child well context of the 
learning to internalize to be able to family and 

concepts keep him the child's 
challenged, background 
but not 
frustrated 

Gardner Multiple Instructional Assessments Gardner, 
Intelligences Design 1993 

Evaluation 
Students have Activities must be 
vanous should not be authentic and 
modalities simply whole performance 
where they group, one based 
are size fits all 
considered instruction 
"smart" 

Caine & Importance of Importance of Importance of Caine 
Caine the Learning Connections Learning 

Environment Conditions Institute, 
The brain 2006 

The brain The brain works best 
works best in learns best when learning 
enriched when there is is tied to 
environments I ittle stress preVIOUS 

ideas 
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Research Hypotheses 

The null hypotheses state that: 

1. There will be no significant difference in early childhood/elementary pre

service teachers' self-efficacy about teaching science before and after the museum 

context. 

2. There will be no significant difference in the assessment scores from early 

childhood/elementary pre-service teachers' learning centers created before and after the 

museum context. 

The quasi-experimental study assumes that the museum context will have no 

effect on the perceived benefit of the science methods course being taught at the museum. 

Statement (~f Limitations 

The university used in this study is a small, private, liberal arts site at which the 

project investigator is employed as an Associate Professor of Education and is the 

professor of the class where the study was conducted. Hence generalization of the finding 

to other schools is limited. In addition, as this is not her first contact with some of the 

students, the professor-student relationship may have affected the study. 

The composition of the university class was based on student registration. Only 

one section of the course runs each semester so there was no randomization or control 

group. The philosophy of the university requires the size of methods classes to be 

purposefully small, no more than 25, but usually 8 to IS students, also limiting the 

generalizability of the study. 

A further limitation of the study was that the director of education at the science 

museum graduated from the university as did several docents and other science 
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educators. Finally, geography plays a part in limiting the study. The specific science 

museum was selected because of its three-mile proximity to the university. Even so, 

travel time to and from the museum was extended because of traffic and could have had a 

bearing on students' opinions about the course. 

A delimitation of the study was the content, schedule, and philosophy of the 

museum exhibits and its personnel. University students could only participate only with 

children whose parents or teachers brought them to the science museum for specific 

reasons. Activities at the museum sometimes forced rescheduling of experiences and 

provided conflicts not present in the agenda for the traditional university setting. 
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Chapter 2 

Review of the Literature 

Preface 

Serrell's (2006) ideas about learning, a "change, small or large, that happens in a 

person's cognitive structure as a result of a new integration-new information attitudes, 

feelings , or skills; new connections between prior knowledge and new information, 

and/or a new reflection of something already known" (p. Ill) provides the lens for 

viewing research on learning in the child, the museum, and the college of education. 

Due to the consistently disappointing results on assessments such as the Florida 

Comprehensive Assessment Test (FCA T, 2005) and the Trends in International Math and 

Science Study (TIMSS, 2003), research is beginning to focus on ways colleges of 

education can effectively introduce science concepts in a manner that will have a lasting 

impact on children's ability to make sense of their worlds. Complementary research has 

been conducted on how young children learn and best practices for helping them learn in 

a developmentally appropriate way (Hyson, Hirsch-Pasek, & Rescorla, 1990; Marcon, 

2002; Stipek, Feiler, Daniels, & Milburn, 1995). Likewise, in support of the partnering of 

informal/free choice museum education and formal education, studying the elements of 

learning in the context of the museum has been a subject gaining a considerable research 

base (Falk & Storksdieck, 2005b; Hedge, 1995; Hein, 1995). As a result of these 

developments, colleges of education are altering traditional university-based methods 

courses to respond to changes in thinking about how best to facilitate pre-service 
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teachers' experiences. These facets of learning form the basis of this literature review. 

Therefore, this literature review focuses on research from the following areas: (a) the 

effects of pre-service teachers' attitudes toward teaching science; (b) how young children 

learn and the best practices for teachers of young children; (c) how the context of place 

affects learning; (d) how constructivist learning in museums is identified; (e) how 

learning in museums is assessed; (f) how innovative colleges and universities offer 

informal learning as a way to immerse teachers and pre-service teachers in constructivist 

experiences; and (g) how museum researchers are investigating adult learning in 

museums. Studies discussing the physical construction of exhibits, budgets, and funding 

involved with museum exhibits, specific curriculum content, museum learning in family 

groups as well as teaching specific science concepts are beyond the scope of this review. 

The Effects of Pre-Service Teachers' Attitudes Toward Teaching Science 

The research question, "How does a museum-based science methods course affect 

early childhood/elementary pre-service teachers' self-efficacy and ability to develop 

curriculum using a constructivist approach?" combines what researchers are investigating 

in both formal and informal/free choice educational settings. In light of current research 

about how young children learn, or make meaning of their worlds, this study provides a 

basis for looking at an "out-of-the-box" way for teacher education programs to 

effectively present methods courses and involve early childhood/elementary pre-service 

teachers in discovery learning experiences. 

When studying teacher education, Darling-Hammond (2006) found that 

exemplary programs shared many areas in common. One was the way in which these 

programs, such as Bank Street, Alverno, and Wheelock, partnered with schools to 
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provide quality experiences for their pre-service teachers. She found that exemplary 

teacher education programs connected courses on teaching methods to theory and 

experience. Students did not study theory and then some months later engage in practice, 

but combined the two. These schools provided pre-service teachers with experiences that 

were theoretically rich but practical. "Clinical experiences are tied to simultaneous 

coursework and seminars that pose tasks and problems to be explored in the clinical 

setting that support analysis and further learning about practice" (p. 154 ). She reported 

that students from these colleges and universities felt "empowered" by their ability to 

reflect productively and by having a knowledge base to inform their practice. This self

efficacy, learned from direct experience and tied to theory, became the basis for quality 

teaching. 

Research has shown that many pre-service teachers have negative attitudes toward 

teaching science, have poor science knowledge, and lack confidence in their ability to 

teach science (Enochs & Riggs, 1990; Palmer, 2001 ). Schoon and Boone ( 1998) 

discussed how Feistritzer and Boyer ( 1983) found that many elementary teachers dislike 

science. Other studies have shown that a teacher's conceptions and poor attitudes have 

been shown to have a strong influence on science teaching (e.g., Lumpe, Haney, & 

Czerniak, 2000). Harlen and Holroyd ( 1997) investigated how teachers ' low self

confidence led them to coping strategies such as teaching as little of the subject as they 

can get away with; placing heavy reliance on kits, prescriptive texts and pupil work 

cards; underplaying questioning and discussion; and avoiding all but the simplest 

practical work and any apparatus that could go wrong, such as keeping to hand lenses, 

rather than using microscopes. Appleton and Kindt ( 1999) found that this lack of 
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confidence translated to poor science teaching, usually in the form of didactic approaches 

rather than discovery or inquiry methods. In addition, they reported how beginning 

teachers often avoided teaching science and their lack of confidence in science made it 

harder for them to try anything different from what they were doing in other subjects 

such as reading or math. Koballa and Crawley ( 1985) in Tosun (2000) explained how 

elementary school teachers, who believed their ability to teach science was low, disliked 

science teaching, and thus avoided teaching science. Schoon and Boone, working with 

619 pre-service teachers, found that students with higher self-efficacy had higher scores 

on tests of science knowledge. Ramey-Gassert and Shroyer ( 1992) recommend that 

colleges of education provide different approaches for their science methods courses to 

increase pre-service teachers' self-efficacy. 

Palmer (2001) applied Bandura's self-efficacy theory to teaching science. In 

reviewing current literature about pre-service teachers, he found that their efficacy 

expectations, the pre-service teachers' confidence in their ability to teach science, and 

their response-outcome expectancies, the belief that their teaching strategies would be 

effective, influenced their science behaviors in the classroom. He concluded that one of 

the main aims of pre-service training should be to "cultivate a more positive self-efficacy 

by developing the pre-service teachers' confidence to teach science effectively" (p. 123). 

In a review of the literature surrounding self-efficacy, Palmer reported that Jarrett ( 1999) 

and Bohning and Hale ( 1998) found that engaging pre-service teachers in inquiry and 

hands-on experiences resulted in an improvement in self-confidence in teaching science. 
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How Young Children Learn and the Best Practices for Teachers (<f Young Children 

In recent years, emphasis has focused on three aspects of research about early 

learning. Bonk and Cunningham (1998) explore a model (Cunningham, 1996) that guides 

the conceptions of learning and cognition. The first aspect approaches the young mind 

from an experiential growth or cognitive-constructivist approach, the second addresses 

learning from a socio-cultural approach, and the third looks at learning from an 

information processing or cognitive skills approach. It is this holistic approach that 

should drive instruction. 

In the early childhood community, the term "developmentally appropriate 

practice" (DAP) has become the generally accepted guiding philosophy for facilitating 

young children's learning and even the basis for assessing quality early childhood 

programs (McMullen, 2003). Drawing from the philosophies of Dewey ( 1997), Piaget 

( 1977), and Vygotsky ( 1978), constructivist ideas are generally described as 

"developmentally appropriate practices." These practices include the belief that the child 

constructs his or her own knowledge through social interactions with peers and adults, 

and through interactions or play with a concrete, hands-on environment where children 

can develop the capacity for self regulation, abstract thought, imagination and creativity 

(Novick, 1996). Novick further explains that effective teaching capitalizes on the child's 

natural inclination to explore, experiment, and to make sense of his or her experience. 

The teacher is seen as a facilitator rather than an instructor, a creator of the environment 

where children can solve problems and increase their knowledge by thinking critically 

and working in cooperation with others. 
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It has been almost 20 years since the term "developmentally appropriate" was 

coined by the National Association for the Education of Young Children (NAEYC), the 

largest early childhood professional organization in the United States. It has come to 

exemplify what is currently considered "best practices" when working with young 

children. Guidelines, first identified in 1987 and later updated in 2005, seek to enhance 

the quality of educational experiences for young children by tying child development 

knowledge to early childhood practices (Bredekamp, 1987). This belief system and 

practical philosophy has been widely accepted in the early childhood community and has 

guided not only content of curricula recommendations for early childhood, but also 

structure (group size, resources available, staff characteristics, ratios, etc.) and process 

factors (quality of child-staff-parent relationships) (McMullen, 2003). 

Bredekamp and Copple ( 1997) have defined three general ways of looking at 

programming to decide if it is a developmentally appropriate practice (DAP): does it 

follow child development and learning theory, does it allow for individual differences 

(the strengths and weaknesses of each child), and does it allow for the social and cultural 

contexts in which the children live? In general, DAP activities center around cognitive, 

social, and physical areas. Curricula focus on "learning to Jearn" (Van Horn, Karlin, 

Ramey, Aldridge, & Snyder, 2005). On the flip side of DAP is "developmentally 

inappropriate practice" (DIP), which would be activities characterized by a high emphasis 

on basic skills and would be considered teacher controlled or "academically" directed as 

opposed to "child-initiated" (Van Hornet al.). 

Child development educators contend that a formal, academic preschool 

environment where children are drilled on sounds and numbers may actually hinder the 
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development of the child and therefore is considered developmentally inappropriate 

(Elkind, 1986). Lillian Katz, in proposing her Project Approach as a mechanism for early 

childhood concept delivery, stresses that children should be engaged in active and 

meaningful activities (Helm & Gronlund, 2000). She also confirms the belief in DAP 

when discussing evaluation of young children. Katz ( 1997) stressed that even assessment 

of young children should be done when they are informally working and playing, not by 

traditional, academic methods. Constructivist learning strategies include the use of 

activity/learning centers, thematic units, experiential learning projects, and mind-maps or 

graphic organizers (Novick, 1996). Appropriate activities are those which actively engage 

the child in tasks he/she values and is committed to completing. Using Schlechty' s (2001) 

evidences of engagement as attentiveness, enthusiasm and diligence, Jablon and 

Wilkinson (2006) present ideas for direct involvement with concepts in the early 

childhood classroom. 

Researchers from fields other than early childhood, such as Howard Gardner, also 

corroborate the importance of developmentally appropriate practices. At the heart of his 

widely used theory of Multiple Intelligences (MI) is belief that the learner should be at 

the center of the educational process, and that the different ways he/she learns at various 

stages of his/her life as well as his/her individual differences need to be taken into 

account when constructing programs and even schools (Project Zero, 2007). 

Numerous studies have been implemented that examine these developmentally 

appropriate experiences and how they positively contribute to increased cognitive 

outcomes and social outcomes. Jambunathan, Burts, and Pierce ( 1 999) investigated DAP 

as it relates to the perception of self competence among preschoolers. Using the Checklist 
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for Rating Developmentally Appropriate Practices in the Early Childhood Classroom, 

regression analysis showed that DAP activities appear to promote opportunities for social 

development of children. Frede and Steve ( 1992) found that a developmentally 

appropriate based program had positive effects not only on skills but also on attendance 

for disadvantaged young children. 

Several researchers have conducted reviews of the literature about the 

effectiveness of using developmentally appropriate practices in the early childhood 

classroom. Dunn and Kontos ( 1998) examined research from a social-emotional and 

cognitive development standpoint and found that the DAP child-initiated environments 

are associated with higher levels of cognitive functioning, lower stress and higher 

motivation, especially for low-income children. However, the debate about which 

instructional model is most effective for academic performance has not been 

substantiated by empirical evidence (Stipek, Feiler, Daniels, & Milburn, 1995). Stipek et 

al. provides evidence of this debate from a series of articles in Rescorla, Hyson & Hirsch

Pasek (1991) about the controversy over early academic instructional models. While 

studies from the 1980s point to successful didactic models, such as DISTAR, for low

income children, longitudinal studies have suggested that these programs do not produce 

long-term gains while suggesting more child-centered approaches do produce long-term 

advantages (Miller & Bizzell, 1983; Stallings & Stipek, 1986). Perhaps the most famous 

of these child-initiated learning models is the High/Scope Preschool Curriculum 

Comparison Study, based on Weikert's Perry Preschool Project. Data collected over 40 

years found that when compared to the Direct Instruction approach, the child-initiated

activities model had fewer members treated for emotions impairment or disturbance, had 
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more members who engage in volunteer work, had fewer members arrested for felonies 

or property crimes, and surpassed the Direct Instruction members on 10 early adult 

outcomes (Schweinhart & Weikert, 1997). 

How the Context of Place Affects Learning 

Contexts for learning are categorized as formal or informal , sometimes identified 

as "free choice." Formal environments for learning are those which take place within the 

walls of the classroom. Informal environments are those which take place out of school 

and include investigations about the natural world. These free-choice contexts can be 

virtually anywhere- the playground, grocery store, nature preserves, gardens, lakes, 

zoos, or museums. Out-of-school environments provide a context for pre-service teachers 

and children to encounter unique, engaging, learning opportunities and resources 

(Ramey-Gassert, 1997). As early as 1987, Resnick contrasted the advantages of out-of

school learning which include connections to actual objects and real events with those 

experiences of typical formal instruction which focus on symbols and abstractions that 

have little connection to the daily lives of children. Typically, the informal learning 

environment offers more direct, nonverbal experiences while the formal environment 

relies on direct teacher discourse to relay information (Beer, 1987, cited in Ramey

Gassei1). At science centers and museums, children are encouraged to observe, 

investigate, and interact with objects in ways not possible in schools. 

The idea of schools using the context of place in learning was actively promoted 

in the late 19th and early 20th centuries. This was the era when Dewey ushered in 

Progressive Education, which stressed experiential- and inquiry-based activities as the 

most beneficial methods for learning. At his now famous Chicago Laboratory School, 
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children left the traditional classroom and visited the Columbian Field Museum for an 

hour and a half every week where they created their own exhibit-style projects (Pumpian, 

Fisher, & Wachowiak, 2006). Hein (2004) discusses the power of the museum through 

Dewey's eyes as he relates the history of the Chicago Laboratory School. In advocating 

experiential education, Dewey ( 1900) described the benefit of the context of the museum 

as being a link between the mere doing of experience and reflecting on it. 

Today, opportunities to involve students in education outside the school are 

gaining acceptance and popularity. However, in her introduction to an annotated 

bibliography on place-based education, Gretchen Kehrberg discusses the "frustrating 

endeavor" of trying to define place-based education because it is a not only a "growing 

movement to redefine schooling, but also a theory about how we should ultimately view 

education" (Kehrberg, n.d.). 

Educators from many disciplines are using the context of place to absorb their 

students in cross-curricular learning in an attempt to provide deep learning through 

meaningful experiences. Learning in a real context provides a vehicle for students to 

transfer learning beyond the classroom. In June 2006, the 12th Annual Summer 

Conference for Place-based Teaching was held in Butte, Montana. Teachers from across 

the country learned about engaging young people in community settings, whether by 

going on trail rides, visiting historic sites, or even attending town meetings. In the 

conference promotion, educators were encouraged to provide experiences beyond the 

classroom in order to convert the curriculum from mere information into genuine 

knowledge (Umphrey, 2005). 
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However, some educators are reluctant to change the context of the classroom. 

Gibbs and Howley (2000) present the concepts involved in what some educators would 

see as the conflict between place-based learning and national standards. They compare 

the aims of education, governance and curriculum from both points of view. While a high 

quality of education is seen as the goal of both camps, the authors present ways to 

overcome differences in pedagogy normally associated with high-stakes testing and out 

of school experiences. 

One of the largest direct partnerships that provide these contextual learning 

experiences is found at the School in the Park in San Diego. Funded in I 999 by 

entrepreneur Sol Price, the project includes I 0 museums and over 800 children from Rosa 

Parks Elementary, an inner-city school that uses the context of area museums as its 

classrooms for 20-25% of the school year. Students are exposed to structured learning 

objectives where they use rich museum experiences to establish experiential knowledge, 

which can then be built upon to influence the students' future learning in and out of 

school environments. Educators and researchers believe that "the sophistication of prior 

knowledge these students are gaining and using will not only positively impact their test 

scores but also their future opportunities, career decisions and performance" (Pumpian, 

Fisher, & Wachowiak, 2006, p. 5). When describing the optimal conditions for learning 

at the School in the Park project, educators point to the interdisciplinary connections of a 

single exhibit, the "flow" (enjoyment producing enhanced creativity and performance) of 

internal motivation made possible by opportunities in environments that pique the 

interests and talents of the learners, and complementary benefits from the blending of the 

formal and informal/free choice environments. 
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Learning in the context of the museum provides valuable experiences, which are 

difficult if not impossible to duplicate in the traditional classroom. Not only do museums 

provide a variety of hands-on, purposefully planned experiences that address scientific 

principles, historical objects, or famous artwork, but each museum experience reflects the 

culture of the city in which each is set. An exhibit 's physical set-up or coloring, the way 

the labels are worded, or even decisions to include or exclude experiences, are often 

based on the setting of the museum. Sally Duensing, coordinator of the San Francisco's 

Exploratorium's international outreach, helps museums across the globe set up 

exhibitions and displays that reflect the context of the culture where the museum is 

located. For example, an Exploratorium's dissection of a cow's eye fascinates American 

children, but is not present in the United Kingdom science centers because of strong 

animal rights feelings (Beckerman, Burbules, & Silberman-Keller, 2006). 

What does the context of the museum have to offer that the formal classroom does 

not? It provides for materials for manipulation, freedom to choose areas of interest, and 

social learning. Most importantly, the visits allow for time to foster deep understandings 

that focus on meaningful patterns and powerful connections to prior knowledge, which 

are then able to be recalled. 

How Constructivist Learning in Museums is Identified 

Previously, museums were thought of as passive, quiet, and "no-touch" zones 

reflecting a positivist view of the world (Russell, 1994 ). Information about exhibits was 

simply read from a plaque or a stand. While some artifacts were amazing and astounding 

(such as Woolly Mammoths in Chicago's Field Museum or the Giant Tyrannosaurus Rex 

skeleton in the Indianapolis Children's Museum), they tended to be for observation only. 
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Hein ( 1995) views museums experiences on a continuum from the past, the traditional, 

systematic, and orderly museum of Lock's tabula rasa of incremental learning and what 

he calls a "passive mind," to the discovery museum of the present and the future, where 

the learner constructs knowledge from experiences, either individually or socially. Since 

the late 1980s museums, especially children's museums, have been designing exhibits 

with exploration and discovery in mind. "Exhibits are designed to isolate a piece of 

nature or a concept from the complex world so that a visitor has a chance to poke at, 

fiddle with, and thereby begin to comprehend it" (Semper, 1990, p. 50). 

Learning in museums has been and is a rapidly developing area of research 

funded by major grants from the National Science Foundation and other national 

endowers such as the Institute for Museum and Library Services. One such study, The 

Museum Learning Collaborative project, was a national, three-year study whose research 

focus was to gather a body of knowledge on learning and on museums in order to create a 

clearer understanding of how learning occurs in museum environments (Museum 

Learning CoJiaborative, 2002). 

Using constructivist-based ideas inherent in hands-on museums, museums such as 

the Norton Art Museum and the South Florida Science Museum in West Palm Beach, 

Florida, present discovery programs that are based on the Sunshine State Standards, 

Florida's system of content accountability for schools. The Association of Science and 

Technology Centers (ASTC), the national organization of science and hands-on 

museums, holds regular conferences and roundtables that explore learning topics. A 

roundtable discussion for museum educators, "Flexible Spaces Make Dynamic Places" at 

the Buffalo Museum of Science, promises constructivist-based discovery learning 
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through interactivity and hands-on experiences, processes for developing flexible spaces 

that encourage whole systems thinking and user-directed learning experiences, as well as 

an exploration of educational theories that influenced the design of the galleries (ASTC, 

2006). 

Successful museums allow the visitors to draw their own conclusion about the 

meaning of the exhibitions and present no single best way for the visitor to learn. 

Museum designers use multiple learning modalities (Gardner, 1991) building on previous 

knowledge and focusing on the children not the content when creating exhibits. 

Opportunities for children to access prior knowledge are provided by the use of familiar 

concepts and objects. Information from the past is used to connect unfamiliar activities. 

Constructivist museums attempt to accommodate all ages of learning and have no fixed 

entry and exit points (He in, 1995 ). 

Studies have been undertaken to discover what "successful" learning exhibits 

include. Unlike Hein's views of constructivism, which would advocate total freedom 

from structured meaning for the child, Falk ( 1997) quantitatively studied the aspect of 

explicit labeling in terms of explanation, theme, and purpose of the exhibit. He found that 

there was a statistically significant improvement in participants being able to "get" the 

intended message of the exhibit when such labeling was present. Lucas (2000), in a 

qualitative study focusing on the interactions between 12-year-old boys, exhibits, and 

their teacher, found that sometimes students were unable to comprehend the science 

exhibits because although the exhibit signs provided clear direction, they did not go far 

enough in actually explaining concepts. Similarly, Johnston and Rennie (1994) found that 

when museums placed facilitators or "explainers" at exhibits the children often received 
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them better than their actual teachers. The docents were seen as a helpful part of the 

exhibit, rather than their teacher who often attempted to instruct rather than let the 

students explore on their own. In addition, Kisiel (2006) discusses several studies (e.g., 

Anderson & Lucas, 1997; Gennaro, 1981) which indicated that learning in informal 

science settings can be enhanced by appropriate pre-visit instruction. Price and Hein 

( 1991) found that effective sessions began with a flexible structure and interactive 

learning experiences followed with time for vocabulary and the introduction of scientific 

concepts. 

From this we can see that there is some dilemma when attempting to design an 

exhibit that is true to the constructivist belief of freedom, personal interest, and inquiry 

while embedding science principles within the learner (Allen, 2004a). It was with this 

idea that Allen addressed exhibits in the Exploratorium, a well-known museum of 

science, art, and human perception in San Francisco. Based on physicist Frank 

Oppenheimer's vision, the Exploratorium has become the "standard model" of learning in 

science museums by using a process of highlighting the aspects of science most easily 

and pleasurably learned in a museum environment. Oppenheimer's designs down-played 

detailed vocabulary or tasks containing "effortful thinking," and used curiosity as the 

motivator through the use of questions for label headings to help scaffold visitors' 

exploration. He believed constructivist learning experiences should be planned 

incorporating four aspects: immediate "apprehendability," physical interactivity, 

conceptual coherence, and diverse learning modes (Allen, 2004a). 

However, even when the constructivist ideas are desired, museums sometimes fail 

in carrying them out. Cox-Peterson , Marsh , Kisiel. and Melber (2003) investigated 30 
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school groups as they visited museums. The researchers found that when students visited 

the museum in tour groups, knowledge was imparted in a didactic way, rather than 

exploration. Through interviews with students, the data confirmed that the students had a 

good time but exhibited low levels of science learning. The study, which included 

interview questions for both teachers and students, contained results often found when 

researchers look at how museums are used as places to "tour." The authors recommend 

that museums rethink their methods of content presentation to include exploration and 

inquiry (Cox-Petersen et al., 2003). 

At the Bank Street College of Education, Jensen ( 1994) studied children's 

learning in museums by asking their opinions of "fun" museums when developing a 

mixed methods study of 9- and I 0-year-old children in Manhattan. His work focused on 

their museum experiences in contrast to the other places they go such as Disneyland. 

Although the young children did not know the term "constructivism," they voiced its 

defining points in the results of his study. Jensen's initial finding was autonomy. Children 

wanted control over the content and pacing of their museum visits. Second, children 

valued their independence from adult supervision. They did not enjoy being regimented 

by a teacher. Third, children valued sharing their experiences with small groups of peers. 

Finally, they wanted variety in content and activities. All are important considerations 

when museums design constructivist learning exhibits. 

Another museum researcher, Siach-Bar ( 1998), studied four questions relating to 

how museums plan for constructivist learning: (a) How does the hands-on approach 

enhance participants' spontaneous learning? (b) What constitutes the school-museum 

collaboration? (c) What are the salient shared attributes of participants' experiences in the 
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museum? and (d) How do play-inspired activities constitute a micro-culture of learning? 

Siach-Bar describes his methodology as a "naturalistic paradigm." Using qualitative 

methods of data collection, he describes educators' ideas concerning the school-museum 

phenomena and the way young students construct their experiences as they interact with 

hands-on exhibits. Observations were conducted in four phases over 12 months. Primary 

data sources were focused observations, staff questionnaires, participant observations, 

and teacher evaluations of field trip experiences. Secondary data sources were museum 

documents on school programs and their usage. Siach-Bar proposed that photographs, 

detailed field notes, and rechecking data with adults participating ensured reliability 

while internal validity was strengthened through the continuous search for negative or 

disconfirming evidence. Coding charts presented findings. Siach-Bar's seven conclusions 

support a constructivist view of learning in the museum setting. The high interest, hands

on activities such as "At the Bugs and Other Insects" exhibit, "Deep Sea Doodle," and 

"The Tower" exhibits provided by the Staten Island Children's Museum created 

experiences that allowed children to create their own learning through uninhibited play. 

Art became an important medium for expression. "Shushing" and stern looks were not 

part of the philosophy. Adults were present to help children with prior knowledge 

connections and were available for questioning and scaffolding as children explored with 

each other. Clearly, Siach-Bar' s findings mirror Falk's research. 

Building on the ideas of Falk and crediting Siach-Bar as a resource, designers 

from one of the oldest and largest children's museums in the United States, the 

Indianapolis Children's Museum, constructed their Science Works Gallery using 

constructivist principles. Schauble, from the University of Wisconsin-Madison, and 
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Bartlett from the Children's Museum of Indianapolis ( 1997), describe how theory is put 

into practice in their review of the role research played in designing this innovative 

gallery. The driving questions for the design of the gallery were (a) What do children 

need to learn? and (b) How do they learn it? The gallery's purpose, to foster children' s 

understanding about science, is unique in that it was developed to provide deeper levels 

of learning and engagement than usually takes place in children's museums. 

Following the direction of Bruner' s work with his spiral curriculum (1960), each 

activity in the gallery is designed so that children can work at the surface level on 

activities, but trained mediators are available to help students delve deeper into science 

concepts. Like Vygotsky (1978), they believe that mediation (the facilitator) is the heart 

and soul of the museum. 

Science Works was a culmination of a research partnership involving science 

educators, cognitive developmental psychologists, exhibit designers, and others who 

collaborated for five years to develop the layout and content of the exhibits. The authors, 

Schauble and Bartlett ( 1997), provide a detailed explanation of how these stakeholders 

worked together philosophically and in the nuts and bolts of exhibit production to create 

the constructivist learning activities contained in the gallery. Contents include 

explorations with water play, boat making, sailing, arch making and habitats, to name a 

few. When entering the gallery there is no beginning order, nor is there a definite ending. 

There are no plaques with instructions. Wide spaces allow for interaction with facilitators 

and other children. Recommendations for collaborations between universities, schools, 

and museums are encouraged. 
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Rarely have museum learning studies focused on the needs of special learners. 

However, funded by the Welcome Trust, Brooke and Solomon of the Centre for Science 

Education, The Open University, United Kingdom, presented a qualitative study that 

looked at successful learning that took place by mainstreamed children at an interactive 

science center. This study focused on MLD (moderately learning disabled) children and 

their apparent gains in concentration and curiosity and possible valuable learning when 

taken out of their school settings. Because the exhibits were structured so that literacy 

skills were not needed, the researchers concluded that special needs children felt more 

comfortable and more involved than in usual school activities (Brooke & Solomon, 

2001). 

As a follow-up study to their 1998 project, Brooke and Solomon presented one of 

the most exciting evidences of learning in museums with their study of severely learning

disabled children (SLD). Using groups of SLD children from special schools and special 

classes at Colleges of Further Education (post 16 years), they gathered data on children 

ages 8-18. Disabilities ranged from sign language communication to beginning reading 

and writing skills. Using a discourse analysis, they constructed and evaluated a model for 

autonomous investigation without prior instruction. Data were collected by videotaping 

interactions with materials, the facilitators, and other children. Although the center was 

small and the student sample focused on videotapes of only 2-3 children per group, the 

assessment of learning was impressive. The two specific learning elements that Brooke 

and Solomon were examining in this population were: (a) play, defined as humorous and 

make-believe behavior, which included a lack of concern for success or failure and (b) 

indicators of practical learning process, the use of repetition and tool use. The researchers 
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found that, given time, the students did move from unfocused play and practice to 

curiosity and then to understanding cause and effect. A few students showed they could 

transfer learning to a slightly different context. Freedom of choice, reduced verbal 

instruction, and limited adult interference were found to be as motivating as the trip away 

from school. Teachers reported seeing the students in a different light after watching 

them take initiatives and carry out investigations by themselves. 

Even though museum exhibits are not necessarily constructed with special needs 

children in mind, many aspects of constructivist philosophy fit with the types of learning 

experiences to which children with varying exceptionalities respond. The researchers 

believe that it is the way museums are designed with the very nature of play, no right or 

wrong answers, open-ended activities, facilitators, return visits, and no time constraints 

that lead to curiosity and motivation not only for the "average" museum learner, but 

especially for children with special needs. 

How do museums structure opportunities for constructivist learning to be 

identified? They provide the vehicle for children to participate in developmentally 

appropriate, high-interest, interactive, open-ended activities with friends or adult 

facilitators who allow children to interact with the exhibits in their own time and in their 

own way. The question itself reminds us that schools do not educate children in a 

vacuum. It is through collaboration with all stakeholders- museum educators, parents, 

teachers, sociologists, and the business community, etc. that children are provided 

significant tools to truly be able to understand their world. However, in today's high

stakes testing environment, proof that learning is actually taking place must be 

documented. 
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How Constructivist Learning in Museums is Assessed 

Any plan to assess learning in museums is fraught with difficulties due to the 

variability of the visitor's background, prior knowledge, motivations, expectations, and 

experiences. In any one group of participants, one might find a three-year-old and an 

expert on the exhibit. Falk and Adelman (2003) state that learning in free-choice 

(museum) settings follows constructivist theory because it is (a) a generative process 

requiring effort for participants to create their own meaning, (b) mediated by socio

cultural interactions with others, and (c) successful to the extent that there is integration 

with the learner's prior experiences. 

The museum's challenge is how to assess when learning (meaning making) has 

taken place for all visitors. Falk and Adelman (2003) propose that learning must be 

understood not just from one visit, but as a concept that is developed over time. In a 

unique qualitative study, he grouped visitor conservation-related understanding and 

attitudes into three groups: minimal, moderate and extensive. Data were collected from 

395 visitors at National Aquarium in Baltimore with 100 individuals included in the 

secondary analysis (visitors who completed face-to-face pre- and post-visit interviews). 

Tracking data gathered during the visit reported which exhibits captured and sustained 

interest. Interestingly, the sample was composed of predominantly American Caucasian 

adults, all identified as well educated, who were visiting with at least one other adult and 

were first-time visitors to the aquarium. Using rubrics to ascertain proficiency levels pre

and post-visit, Falk reported a complex pattern of change. While all groups showed gains 

in conservation knowledge and interest, the gains were not even across the seemingly 

homogeneous groups. When factoring for prior knowledge and interest, only two-fifths of 
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the visitors detailed significant cognitive change. Approximately two-thirds of the 

visitors showed positive affective gains, but one-third did not. He challenges future 

researchers to look at knowledge and interest groups when assessing learning in 

museums. 

Pre/post-test was the method used for gathering data by museum professionals 

researching within the framework of the Museum Learning Collaborative. Leinhardt and 

Crowley (200 l) used the technique to document the effect of "powerful objects," exhibit 

items that carry with them emotional impact. They found pre-service teachers made 

concept changes after group interactions with the such exhibits and describe the "genius 

of the museum" to be in the conversations (with small clusters of individuals) that evolve 

around the analysis of the unique and powerful collections of objects they contain. Four 

attributes of objects (density of information contained in real items, scale, authenticity, 

and uniqueness and value) allow for conversations assessing learning that could not take 

place in school settings. Leinhardt and Crowley provide a striking example of this 

outcome in a study with 50 pre-service social studies teachers and the Birmingham Civil 

Rights Institute. The Institute, which is across the street from the 16th Street Baptist 

Church, presents the story of the death of four young girls who were killed when the 

church was bombed. The museum experience focused on the Freedom Riders and 

contained a life-sized replica of a Greyhound bus that had been bombed and burned in the 

riots. Before the visit, the pre-service teachers created concept webs about the Civil 

Rights movement and only 2 of the 50 mentioned the events surrounding the Freedom 

Riders. After the visit, all but eight included the topic in their discussion and webs of the 

era. The researchers felt that the experience with the object (bus) was powerful because 
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of its authenticity, detail, and the mental constructs of prior knowledge about safety as 

they had ridden busses. This could not have been provided by a book or film (Leinhart & 

Crowley, 2001). 

One research team comprised of professors Puchner and Gaskins, and a cultural 

anthropologist, Rapoport (200 I) used prose observations to gather assessment data. Their 

study examined what children learn while interacting with exhibits as well as the 

conditions that facilitate learning at a children's museum. Learning was defined as taking 

place in two ways: (a) when a child solved a problem incorrectly, was given feedback 

from the environment, and then made fewer errors or solved the initial problem or one 

similar to it, and (b) when a child changed behavior in response to verbal or nonverbal 

information provided by another person. One indication that a child was attempting to 

gain understanding was if he asked questions, was provided 'scaffolding' (adult 

encouraged further inquiry), and continued in the activity by using the information. The 

researchers assumed he went from disequilibrium to equilibrium and had learned. 

Puchner, Rapoport, and Gaskin's (2001) participants, 101 four- and five-year-olds 

at the Please Touch Museum in Philadelphia, were not a random sample, but did 

represent socioeconomic, ethnic, and gender diversity. This museum was chosen for their 

study because of its constructivist, hands-on activities that are designed specifically for 

young children who would be visiting with an adult or older companion. Eight exhibits 

were targeted from which to gather data. The qualitative study found that learning took 

place on many levels, but that the majority of the gains were "cause and effect." Findings 

indicated that more learning took place in exhibits where the activity required child-adult 

interaction and discovered that some contexts were more conducive to adult participation 

47 



than others. It was this factor that led to more scaffolding for children's learning. Two 

criteria were found to be necessary for the adults to become highly involved: (a) they 

were interested in the topic, and (b) they perceived that the children needed more help 

understanding the activities in that particular exhibit. 

Still other researchers have attempted to measure learning in museums by 

constructing comparison studies. Using worksheets, McManus ( 1985) from Chelsea 

College in London, studied the impact of worksheets on learning specific concepts. 

Funded by a grant from the Economic and Social Research Council and the British 

Museum of Natural History, McManus surveyed how worksheets are used by groups of 

children in the British Museum of Natural History. She found that teachers of children 

under 10 years of age and teachers of students over I 0 use the worksheets in different 

ways. In addition, groups using worksheets and non-worksheet groups go through a 

qualitatively and quantitatively different experience in what they see, how much they see, 

and the amount of time they spend at an exhibit. She compared 3 groups who used 

carefully prepared worksheets with 26 groups who did not. Her findings, which are in 

contrast to the constructivist museum, add weight to the idea that children learn more 

from museum experiences when a well-constructed worksheet is used. 

Chin and Tuan (2000) also addressed the worksheet issue when working with 

student teachers. Their findings stressed that the worksheets, although structured 

themselves, could be used to aid learning in an open-ended environment if accompanied 

by inquiry. The structure of the worksheet was combined with constructivist practice 

when the student teachers were allowed freedom in setting their own pace and developing 

their own strategies to attain common learning objectives. 
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Perhaps the most systematic approach to assessing learning in museums comes 

from the work of Falk and Dierking ( 1992). In their seminal work, they describe the use 

of their Interactive Experience Model for investigating learning within a free-choice 

setting. Building on that earlier work, The Contextural Model provides the now accepted 

large-scale framework from which information on learning in informal settings is 

organized (Falk & Storksdieck, 2005a). Grouped under three categories the 12 factors 

are: 

Personal context: 

1. Visit motivation and expectations 

2. Prior knowledge 

3. Prior experiences 

4. Prior interests 

5. Choice and control 

Socio-cultural context: 

6. Within group social mediation 

7. Mediation by others outside the immediate social group 

Physical context: 

8. Advance organizers 

9. Orientation to the physical space 

10. Architecture and large-scale environment 

11. Design and exposure to exhibits and programs 

12. Subsequent reinforcing events and experiences outside the museum. (Falk 

& Storksdieck, 2005a) 
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Using a repeated measure design, Falk and Storksdieck (2005a) sought to identify 

how specific independent variables individually contributed to learning outcomes when 

studied in isolation rather than in a group. A second objective was to find if their model 

actually provided a useful tool for understanding museum learning. Using 217 adult 

visitors they confirmed that their model's 12 indicators worked together to adequately 

explain visitor learning but single factors did not. Using three different measures with 

pre- and post-tests, visitors shared their knowledge by answering three multiple-choice 

questions, two open-ended questions, and personal meaning mapping. The tool was found 

to be effective. However, they cautioned that even though the tool is a work in progress, 

it is an effective framework for quantifying a difficult topic- how to actually measure 

learning in museums. 

How Innovative Colleges and Universities Offer Informal Learning as a Way to Immerse 

Teachers and Pre-service Teachers in Constructivist Experiences 

Much research has been conducted describing learning practices in both the 

school and also the museum setting. However, a new field of research which explores the 

benefits of pre-service teachers partnering with museums is emerging. The purpose of 

this new arena is to immerse the future teachers in a hands-on, constructivist learning 

environment. One such partnership is described in a graduate teacher education course, 

Integrating Museum Resources into Classroom Instruction, at Southern Illinois 

University at Carbondale. Here, students are introduced to integrated active discovery, 

problem solving, and post-modern learning experiences as well as being required to 

reflect upon their implications for teacher education (Copenhaver, 1994 ). 
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Methods courses for pre-K, primary, and elementary school teachers stress 

developmentally appropriate, "hands-on," and constructivist learning activities as the 

"correct" way to teach young children, ages 3-8 (Kostelnic, Soderman, & Whiren, 1999). 

Typically, these courses require students to observe in pre-school and elementary 

classrooms, complete field experience, and to develop units of instruction based on 

observations of videos, early childhood texts, professors' modeling, and commercial 

products or curricula. Students often leave college classrooms knowing about 

constructivist and developmentally appropriate practices but with little experience 

actually applying these concepts in work with children. 

The hands-on museum embodies constructivist concepts. Through the use of 

interactive exhibits, concrete, hands-on learning has changed the museum model 

(Russell, 1994). However, the idea of constructivist-based learning in the museum goes 

further than just exhibit design. It encourages the participant to be socially active. This 

viewpoint, that learning is culturally mediated though participation with others, follows 

Vygotsky's ideas of social learning through activities with docents or teachers who 

scaffold children's ideas (Puchner, Rapoport, & Gaskin, 200 I) and work within their 

"zone" (Vygotsky, 1978). Such socio-cultural ideas, which address the processes of 

learning, not simply the outcomes, influence construction of interactive environments in 

the museum (Schauble & Bartlett, 1997). By incorporating Dewey's ideas about the child 

having the freedom to direct his own learning (Dewey, 1997) and Bruner's ideas of 

revisiting curriculum with deeper levels of meaning (Bruner, 1960), the emerging 

constructivist museum is a perfect example of theory in action, and thus an appropriate 

place for pre-service teachers to learn. 
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Traditionally, museums have been involved with public and private K-12 schools 

in that they have offered teacher workshops or institutes (83%), provided pre- and post

visit materials in the way of kits and even software (66% ), developed tours based on 

topics teachers were required to address at certain grade levels, and offered workshops 

for students (St. John, 1990). Examples of professional development courses in which 

teachers are prepared to teach and learn in the museum settings are many. In an attempt 

to make the information more readily available, collections, research, and even live 

scientists have gone on-line. In addition, museum programs are routinely offered to 

colleges and universities (MacDonald, Sloan, & Miele, 2002). 

Because of efforts such as these, museums have attempted to discover to what 

extent their efforts have impacted teachers' attitudes and behaviors. David and Matthews 

( 1995) describe the results of a four-year Teacher Internship Program for Science (TIPS) 

between the Museum of History and Science and 40 elementary and middle school 

teachers who divided their classroom teaching time and training between the classroom 

and the museum in Jefferson County in Louisville, Kentucky. For a follow-up, the 

researchers used a 17-item questionnaire developed with the Planning, Research, and 

Evaluation Unit in Jefferson County. Originally designed in 1985, it was mailed to all 

middle and high school teachers in the JCPS and then refined for use in a doctoral 

dissertation by one of the researchers. This questionnaire was used to compare beliefs and 

practices of the TIPS teachers and Non-TIPS teachers. Data were gathered by finding 

Chi-Square relationships about types of classroom science activities both groups enacted. 

T tests comparing lengths of time spent "doing" science and time teachers spent 

"teaching" science were also conducted. Results indicated that the trained teachers 
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engaged in science longer and with more satisfaction than did the control group. Finally, 

a one-way ANOV A showed that the TIPS teachers ranked their students' interest and 

understanding of science significantly higher (p<.OO 1) than did the Non-TIPS teachers 

(David & Matthews, 1995). 

Chin and Tuan (1999) found similar results with teachers in Taiwan. After 

completing a museum course, the teachers were able to critically compare formal and 

informal science learning environments and indicated that they planned to use aspects of 

the museum learning in their own teaching. Smith, McLaughlin, and Tunnicliffe (1998) 

report the results of their study with "museum trained" and "non-trained" teachers to 

show positive effects for not only the instructional practices of the trained teachers but 

more importantly for the educational outcomes for the students. 

The interest in such partnerships can be attested to by the grant money that is 

awarded to encourage such initiatives. The Connecticut Museum Collaborative, with a 

grant of almost two million dollars, constructed a partnership with four museums, 850 

middle school students, and 40 teachers from nine different school districts to provide 

"rich and meaningful" opportunities for informal science education over a three-year 

span. Additional objectives met were improved levels of teachers' and school 

administrators' commitment and initiative taking, and increased parent pat1icipation 

(Bruckerhoff & Bruckerhoff, 1996). 

Instead of waiting for in-service teachers to take professional development 

workshops, several colleges of education are now looking at the museum as a valuable 

resource for their pre-service students. The National Research Council's (1996) National 

Science Education Standards (NSES) mandate that schools revisit science teaching and 
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learning. The guiding principle from that document, "the current reform effort in science 

education requires a substantive change in how science is taught and implicit in this 

reform is an equally substantive change in professional development practices at all 

levels" (p. 56), encourages colleges of education to address the nature of the science 

methods course. Further direction to address constructivist theory is outlined in the 

document's three-pronged approach for attacking science presentation in the classroom: 

(a) Scientific Inquiry- how scientists study the natural world and propose explanations 

based on the evidence derived from their work, (b) Inquiry Learning- the activities of 

students in which they develop knowledge and understanding of scientific ideas, and (c) 

Inquiry Teaching- providing a classroom where learners can engage in scientific 

oriented questions to formulate explanations based on evidence. 

Because of these mandates, colleges of education are searching for meaningful 

ways to implement this "substantive change" when challenging students in science 

methods courses. The University of Michigan-Dearborn has reformed its teacher 

education program to include inquiry as the centerpiece of not only methods courses, but 

science content courses as well. Using misconceptions in science understandings at the 

end of the 17-credit science requirements, the professors have placed a "capstone" 

course, which requires that pre-service teachers engage in specific action research and 

"deep discovery explorations" (Luera & Otto, 2005). Likewise, the University of 

Wisconsin-Milwaukee has used these misconceptions as a basis for developing teacher 

efficacy in an attempt to strengthen their students' ability to teach science (Huinker & 

Madison, 1997). 
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A leading example of the concept of marrying the informal and formal learning 

settings takes place with the City University of New York School System. The American 

Museum of Natural History, a New York City institution rich in artifacts and ongoing 

scientific research, partners with many city universities to form various models and levels 

of collaboration. The professional development school for Teachers College, Columbia 

University, places student teachers in museum partner schools, designates museum 

classroom space, and provides museum educators to teach and serve as liaisons 

(MacDonald, Sloan, & Miele, 2002). In addition, the City University of New York and 

the museum have developed a collaboration to develop initiatives that complement their 

existing teacher education programs along with the implementation of summer institutes 

(MacDonald, Sloan, & Miele, 2002). 

One such summer institute took place with Brooklyn College's primary and 

secondary science methods courses as it sought to qualitatively assess the impact of the 

partnership on the thinking and practice of pre-service teachers, professors, and museum 

participants. Open-ended questionnaires were provided that gave opportunities for 

positive and negative feedback. In the final review, the participants responded to the 

hands-on approaches, tools, technologies, and experiences that they would like to use 

with their future students. Data showed that 29% would use the museum for teaching 

science themselves and 19% would use more models and interactions with real objects in 

their teaching. Participants reported on the richness of resources that would never be 

available to individual classroom teachers in a school setting. Pointing specifically to 

interacting with artifacts and "real" scientists doing real "science things," teachers 

stressed the importance of the partnerships. Reflections from teachers' journals indicated 
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improved content knowledge and learning strategies after their museum experiences 

(Dhingra, Miele, MacDonald, & Powell, 2001). Likewise, the reflections of pre-service 

teachers in Taiwan showed that when their regular methods course was enriched with 

museum resources, students understood and acted on the discrepancies between theory 

and practice in teaching science. Further studies have shown that pre-service teachers, 

especially those working in high poverty areas, take great pride in their connection to 

museums and have an improved morale and self-image (Macdonald, Sloan, & Miele, 

2002). 

In looking at pre-service teachers and learning, a 1991 study by Ault and Herrick 

found that the science learning and teaching of pre-service teachers were improved when 

their methods course was accompanied with evaluation studies of science museum 

exhibits. Evaluations concluded that the informal/free choice format of the museum led to 

greater ability in practice for teaching as a social activity. 

Museums and teacher education colleges are structuring these teacher experiences 

in varied ways. Some university methods classes are taught by museum officials during 

the school year totally at the museum, some are team-taught by professors and museum 

officials, some are half a semester at the museums and half a semester at the university, 

and some are run in the summer as institutes. No matter what the delivery system, the 

unifying purpose is to bring together students, universities, and museums for the 

development of content and pedagogical skills (Dhingra et al., 2001). 

This outcome is al so recognized as beneficial for graduate and post-graduate 

students. At the Center for Informal Learning and Schools in San Francisco, a 

collaboration between the Exploratorium, Kings College London, and the University of 
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California Santa Cruz, supp01ts research and scholarships aimed at improving K-12 

science education by enrolling over 24 graduate students and appointing eight post

doctoral fellows. According to the Exploratorium Director, Goery Delacote, the center's 

success is rooted in the extensive collaborations among academic, school, and science 

institutions (Institute of Museum and Library Services, Charting the Landscape, 2004). 

As a final example, in Baylor University's teacher education program, pre-service 

students not only participate themselves in the museum's activities, but are required to 

work with the educational programs at the Ollie Mae Moen Discovery Center. They 

provide assistance in over-night camps, work at exhibits, and serve as docents for 

elementary school children. This field-based methods practicum "challenges students to 

consider methods and materials beyond the lecture and the textbook" (Cox & Barrow, 

2000, p. 364 ). The pre-service teachers at Baylor must vary instructional strategies and 

lesson plans based on the past experiences and developmental level of the students with 

which they are working. 

How Museum Researchers are Investigating Adult Learning in Museums 

Learning in museums has been studied from many aspects. Understandably, much 

research has focused on school and family groupings. However, other researchers have 

studied learning from the perspective of the adult learner. Variables such as long-term 

memory, grouping for assessing changes in visitors' beliefs about conservation, science 

knowledge and attitudes, socio-cultural aspects, as well as prior knowledge, solitary and 

peer grouping have all been explored to see how adults make meaning from exhibits and 

activities in museums. Tables 4 and 5 jJFesent a FepFesen!alion of/hose studies. 
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Table 4 

Peer-Reviewed Research Studies Involving Adult Learning in Museums 

Study 

I. Visitors' Long-term 
Memories of World 
Expositions 

2. Investigating the 
Impact of Prior 
Knowledge and 
Interest on Aquarium 
Visitor Learning 

3. Learning Science 
from Museums 

Authors/Date 

Anderson (2003) 

Falk and 
Adelman (2003) 

Falk and 
Storksdicck 
(2005a) 

Participants Setting 

50 visitors who Vancouver (Expo 
attended either 1986); Brisbane 
the 1986 or 1988 (Expo 1988) 
Expo 

I 00 visitors National Aquarium 
grouped into 3 in Baltimore 
groups: minimal, 
moderate, and 
extensive 
conservation 
knowledge, and 
attitude categories 

217 adults who California Science 
visited alone or as Center, Los Angeles 
part of a family 
group (only adults 
included in the 
study) 
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Purpose 

To study long term 
memories associated 
with large-scale 
exhibitions 

To determine whether 
grouping makes it 
possible to discern 
more readily the 
nature of changes in 
aquarium visitors' 
conservation 
knowledge and 
attitudes 

To use the contextual 
model of learning as a 
framework for better 
understanding the 11 
key factors that 
influence science 
learning in a museum 

Design 

Qualitative, 
interview 

Quasi-
experimentation 
design 

Qualitative, 
Quantitative 

Instrumentation 

Face-to-face 
interviews 

Face-to-face, 
pre/post semi-
structured 
interviews. 
Personal Meaning 
Mapping, 
tracking, follow-up 
interviews 

Pre/post interviews 
(closed and open
ended questions. 
self-report items 
and multiple 
choice questions) 
observational and 
behavioral 
measures gathered 
through 
unobtrusive 
tracking at 
museum 

(table continues) 



Table 4 (continued) 

Study 

4. Solitary vs. Shared 
Learning: 
Exploring the Social 
Dimension of 
Museum Learning 

5. Adults' Learning 
about Science in Free
choice Settings 

Authors/Date 

Packer and 
Ballantyne 
(2005) 

Rennie and 
Williams (2006) 

Participants 

40 solitary adults 
and 40 adults 
visiting in pairs 

I 02 different 
visitors to the 
Centre and the 
Museum; 
72 attendees to 
the lecture 

Setting 

Queensland 
Museum 

3 venues in the 
same Australian 
city: 
I. The Centre: an 
interac tive science 
centre 
2. The Museum: a 
traditional history 
museum 
3. Attendees at a 
series of public 
lectures given by an 
expert scientist 
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Purpose 

To explore 
differences in sol itary 
and shared museum 
learning experiences 

Do experiences with 
different types of 
sc1ence venues 
produce changes in 
how people think 
about science in their 
daily 

Design 

Qualitative and 
quantitative; 

Quantitative; 
qualitative; quasi
experimental 

Instrumentation 

Observation record 
sheets; social 
interaction and 
engagement 
recoding sheets; 
structured 
interviews after 
visit; phone 
interviews 4 weeks 
after the visit. 

Pre/post test data 
using paralle l 
questionnaires 



Table 5 

Findings and Comments From Peer-Reviewed Research Studies Involving Adult Learning in Museums 

Study 

I. Visitors' Long-term 
Memories of World 
Expositions 

2. Investigating the Impact 
of Prior Knowledge and 
Interest on Aquarium 
Visitor Learning 

Authors 

Anderson 
(2003) 

Falk and 
Adelman 
(2003) 

Findings 

I. Key themes in memories ( 15-17 years after the event) 
centered on the social dimensions of visitors' experiences, 
visitors' interests at the time of the visit, and the socio-cultural 
identities of visitors at the time of the experience. 

I. Significant conservation knowledge and attitude change 
(entry/exit) appeared to have occurred. 

2. When broken down into categories: knowledge (low. 
moderate. high), interest (low, moderate, high) and concern 
(low, moderate high) researchers found high knowledge and 
high interest groups were least likely to show gains. Limited 
knowledge and high interest showed the most dramatic gains. 

3. Grouping allowed for "fine grained" study of learning gains. 
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Implications for Adult Learning in 
Museums 
I. Visitors' social context and agenda needs 

to be recognized and capitalized on 
2. Links that enable audiences to connect 

and relate to exhibits need to be explored 
3. There seemed to be no correlation 

between the number of visits and the 
quality and quantity of their long-term 
memories 

I. The heterogeneity (prior knowledge) of 
the audience presents challenges for 
researchers and practitioners. 

2. Prior knowledge, prior experiences. 
motivations, expectations, and interest 
need to be explored when studying 
learning. 

3. People construct understandings not from 
a single experience or source but from 
multiple sources over a period of time. 

(table continues) 



Table 5 (continued) 

Study 

3. Learning Science 
from Museums 

4. Solitary vs. 
Shared 
Learning : 
Exploring the Social 
Dimension of 
Museum Learning 

5. Adults' Learning 
about Science in 
Free-choice Settings 

Authors 

Falk and 
Storksdiech 
(2005a) 

Packer and 
Ballantyne 
(2005) 

Rennie and 
Williams 
(2006) 

Findings 

I. The least-knowledgeable people learned the most, but those visitors 
who entered with the most knowledge left with the highest scores. 
Significant improvement was achieved only in the low to average 
prior knowledge categories for understanding of life sciences. 

2 . It took three different types of measurement to capture the learning 
of all the different visitors (Multiple choice, interview questions, 
personal meaning mapping) 

3. All factors (motivation, prior knowledge, prior interests. choice and 
control, within-group social mediation, facilitated medi ation, 
advance organizers, orientation to the physical space, architecture 
and large-scale environment, design and labeling, subsequent 
reinforcing events) intertwined to affect learning-no one aspect 
dominated 

I. Solitary and shared learning experiences approach learning in 
equally beneficiaL but different ways. 

2. Solitary: more importance on thinking about personal values, 
challenging their abilities, and feeling good about themselves 

3. Shared: more importance on sharing experiences and discussing 
ideas with others doing something exciting and getting away from 
responsi hi I ities. 

l. Participants in the 3 venues became more positive about the value of 
science and the work done by scientists and their ability to 
communicate with the public . 

2. Participants became less scientific in their thinking about the nature 
of scientific knowledge, becoming more likely to believe it to be 
infallible. 
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Implications for Adult Learning in 
Museums 

I. The nature of learning in museums 
(interacting with exhibits in a free-choice 
environment) is an effective method for 
enhancing learning when there is low 
prior knowledge. 

2. Measurement tools must be varied in 
order to evaluate if learning has taken 
place. 

3. All I 0 factors must be considered 
together when attempting to understand 
learning in museums 

I. Solitary and shared learning experiences 
are conducive to learning and it is 
important for exhibition designers and 
educators to provide opportunities for 
both types of learning approaches 

I . Consistency of findings was surprising 
and the changed view about the nature of 
scientitic knowledge becoming infallible 
was unexpected . 

2. Care must be taken in how science is 
presented and structured (non
controversial manner) 



Research Design Methodology 

Rationalefor Design Choice 

The research design of the study is mixed methods in that data will be gathered 

both quantitatively and qualitatively. It is also quasi-experimental in that it does not use 

random sampling and the researcher is unable to control all relevant variables. Isaac and 

Michael (1990) discuss the quasi-experimental design as one that approximates true 

experimental design because the setting does not allow for complete control or 

manipulation of all variables that may influence the investigation. The study employs 

methodological triangulation (Denzin & Lincoln, 1998) with the use of written reflections 

to researcher-designed questions, a post study focus group interview, pre- and post

efficacy and beliefs survey, and document analysis of learning center evaluations. 

Focus Group Interviews 

McMillan (2000) describes the focus group technique as being most useful for 

encouraging subjects, through interaction with one another, to voice opinions, concerns, 

and insights into beliefs, concepts, or ideas, about which they are knowledgeable. Usually 

consisting of 10-12 individuals, a one- to two-hour interview is designed to promote 

richer understanding of the questions due to the interaction between the subjects. Focus 

groups draw on three of the fundamental strengths that are shared by all qualitative 

methods: exploration and discovery, context and depth, and interpretation (Morgan, 1998, 

p. 12). 
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Document Analysis 

A second method for collecting data for the study is that of reviewing documents. 

Documents are written records that can be "virtually anything." In this case the materials 

would be considered primary sources as they are to be written by "someone who has had 

direct experience with the phenomena being studied" (McMillan, 2000). The documents 

in this study fit McMillan's definition that the documents are written or created as a 

natural outgrowth of the situation. 

Self-Report Measures 

Ericsson and Simon (1993) identify attitude and opinion questionnaires, in which 

participants are asked to reflect and then to "think aloud" as examples of self-report tools 

used by researchers. Many researchers use self-report as a way to gather data on feelings 

or attitudes that no one else can claim to know (Stone, Turkkan, Bachrach, Hobe, 

Kurtzman, & Cain, 2000). Baldwin (2000) reports that the value of self-report is that 

some information is known only to the participant. 

Current Study 

In explaining their rationale, competencies, and requirements for the Baylor 

college methods course, the authors Cox and Barrow (2000), articulate the justification 

for further research in the area of pre-service teachers and museums. They recommend 

thinking of museums as having the potential for "sustained relationships with significant 

learning impact" and that colleges of education should provide pre-service teachers with 

at least some experience teaching in a museum setting. 
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Like Cox and Barrow (2000), this researcher is concerned that many young 

teachers abandon active or experimental teaching methods once they leave the university. 

She also sees the museum as an exciting venue for allowing pre-service teachers to be 

able to deliver instruction, and thus gain confidence using artifacts and directing hands

on activities with elementary school students. Therefore, this study began with a 

collaborative partnership between the college of education and the science museum. Only 

then did the study investigate how a museum-based science methods course influenced 

early childhood/elementary pre-service teachers' self-efficacy toward teaching 

constructivist-based science and their development of curriculum, specifically learning 

centers. 
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Chapter 3 

Design and Methodology 

Preface 

The focus of this study was to determine if 14 early childhood/elementary pre

service teachers' experiences in a methods course conducted at a local science museum 

would impact their self-efficacy toward teaching constructivist-based science and their 

development of early childhood/elementary science curriculum, specifically learning 

centers. The research question was "How does a museum-based science methods course 

affect early childhood/elementary pre-service teachers' self-efficacy and ability to 

develop curriculum using a constructivist approach?" 

The investigation explored the pre- and post-museum visit self-efficacy of early 

childhood/elementary pre-service teachers, as measured by the Science Teaching 

Efficacy Belief Instrument-Pre-service (STEBI-8). Developed by Enochs and Riggs 

(1990) and modified by Bleicher (2004), the STEBI-B is a recognized two-scaled 

instrument for identifying change in the beliefs of pre-service teachers (See Appendix B 

for entire scale). It uses a 23-item, 5-point Likert Scale to provide a quantitative measure 

of personal science teaching efficacy (PSTE) and science teaching outcome expectancy 

(STOE) in pre-service elementary teachers. Scores on the I 3 item PSTE subscale indicate 

the strength of the pre-service teachers' own self-efficacy related to being a science 

teacher while scores on the I 0-item STOE indicate the strength of their expectations as to 

the results of science teaching. 
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The investigation also analyzed pre-service teachers' created learning centers, 

which were intended for use in the students' future classrooms. Learning centers were 

chosen as an assignment because they allow for tactile and hands-on activities which 

benefit student achievement (Cawley & Foley, 2002), use problem solving and higher 

order thinking skills to support discovery methodology (Ball, 1990), make connections to 

familiar concepts through cooperative learning and allow for generalization (Wilcox, 

Schram, Lappan, & Lanier, 1990), and put theory into practice (Wall & Posamentier, 

2007) by encouraging the development of engaged learning (Jones, Valdez, 

Nowakowski, & Rasmussen, 1994). 

These learning centers, containing directions and materials for constructivist

designed activities, provided hands-on explorations to extend early childhood/elementary 

students' understanding of science concepts based on the Florida Sunshine State 

Standards (Appendix J). Using a science fair format, students created two learning 

centers, one before interaction with exhibits in the museum and one at the end of the 

course. At the conclusion of the semester, both sets of learning centers were blindly 

evaluated by four elementary methods course professors, none of whom had interaction 

with the subject class. The centers were analyzed by the professors with the Framework 

for Assessing Excellence instrument (Appendix C), a new assessment tool developed and 

tested by accepted museum experts (Serrell, 2006). The Framework is designed to assess 

exhibits as they relate to levels of achievement on four different criteria, Comfortable, 

Engaging, Reinforcing, and Meaningful. Inter-rater reliability was established for the 

study based on the judges' evaluations in each of the four separate categories and an 

overall learning center assessment. 

66 



The third area of study involved pre-service teachers' written reflections and a 

focus group discussion of the perceived impact of the museum context. The researcher

designed questions (Appendix D) centered on the self-efficacy and beliefs of the pre

service teachers after they completed the museum experience. Questions were designed 

to add depth to information gained from the quantitative data derived from the STEBI-B 

and the Framework for Assessing Excellence. Qualitative procedures were conducted to 

determine common themes and beliefs from the written answers and transcription of the 

audio recording of the focus group. 

This chapter describes the pilot study, the actual study, the participants, the two 

course settings, procedures, data collection, instrumentation, statistical analysis methods, 

and the description and content of the science methods course, EDU 4083 (Syllabi, 

Appendixes H and I). 

Pilot Study 

The pilot study was conducted during the 2006 fall semester with six class 

members. Institutional Review Board permission from the researcher's university as well 

as a letter of agreement from the museum were obtained before the beginning of the 

semester (Appendix E). All students and judges signed the required consent forms 

(Appendixes F & G). Through the design of the researcher and the director of education 

at the museum, the college of education and the science museum entered into an 

innovative partnership established with the purpose of promoting the museum as a place 

for constructivist learning for not only children, but pre-service teachers as well. 

For the Fall 2006 semester, there was no traditional delivery method of this 

course, EDU 4083 Teaching Science in the Elementary School (Appendix H). No 
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mention of the museum component was in the course catalog or printed materials. 

Students, therefore did not elect to take the course because of the museum component, 

but were following their degree plan. 

Table 6 represents course structure differences between the traditional university 

methods course and the museum-based methods course. 

Table 6 

Differences in the Traditional University Methods Course and the 

Museum-Based Course 

Hands-on 

Activities 

Powerful 

Objects 

Sunshine State 

Standards 

Evaluation 

Strategies 

Traditional Course 

Teacher Designed or 

Student Presented; 

Usually a single activity 

per concept 

None 

Developed though text; 

Student Presented or 

Teacher Designed 

Teacher/student 

created rubric; Traditional 

tests; Teaching Module 
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Museum Course 

Expert designed; Multiple examples of 

a single concept 

(Teacher-designed, Student-created) 

Interaction with meaningful objects too 

expensive or too large for the 

classroom (ex. dinosaur bones) 

Developed though 

exhibits, museum facilitators, museum 

demonstrations; (ex. student 

presentations, teacher demonstrations) 

Framework for Assessing Excellence 

Instrument; Teacher/student -created 

rubrics; traditional tests; Teaching 

Module 

(table continues) 



Table 6 (continued) 

Traditional Course 

Social 

Context 

Learning 

Centers 

University classroom+ 

elementary classroom ( 16 hours 

of field experience in a context 

where science may or may not 

be taught) 

Created from prior experiences 

in methods classes or school 

memories 

Museum Course 

Museum classroom/ museum exhibit 

hall (where parents, teachers, and 

students interact and have 

conversations about exhibits)+ 

elementary classroom 

(8 hours of field experience in a 

context where science may or may not 

be taught) 

Created after interactions with 

professionally designed exhibits 

The first four class periods of the semester were conducted in the "science room" 

at the host university with no special adaptations from the usual syllabus. The purpose of 

this location for four class periods was to allow for "drop-add" and any late registrations 

to join the class before the museum orientation and to allow time for the initial learning 

center to be created, without museum context influence. 

To establish pre-museum visit attitudes about teaching science, the Science 

Teaching Efficacy Belief Instrument (Appendix B) was given the first class period, 

before any science concepts or ideas were introduced. All students were present. 

Likewise, students presented a learning center the fourth class period, before participating 

in museum exhibit evaluations. These learning centers were held at the university until 
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the post-museum experience learning centers were completed and assessed by the trained 

evaluators using the Framework for Assessing Excellence instrument (Appendix C). 

Beginning with the fifth class of the semester, the students met at the museum to 

have class and use the exhibits in the museum to see how constructivist theory was 

applied to practice. All class assignments other than the mid-term were presented at the 

museum. On class period 29, the students met back at the university and the post-museum 

experience learning centers were presented to the class and then held for the expert 

judges' assessment. 

In order for final grades to have no bearing on the study, the final was given and 

grades were recorded in the dean's office before the focus group was held. After the final, 

the researcher-designed questions were distributed and written answers were requested to 

be completed before the focus group discussion, which was held during the last class 

period, Class 31. During this final class period, the Science Teaching Efficacy Beliefs 

Instrument (Appendix B) was repeated. At the end of class 31, the researcher convened 

the focus group to determine if the pre-service teachers viewed the museum experience as 

beneficial for learning science teaching methods and enhancing their ability to create 

more hands-on constructivist-based science materials. Participation in the focus group 

was voluntary and in no way impacted the students' grades. Written answers to the 

questions were collected and the session was audiotaped for triangulation with the 

STEBI-B and the Framework for Assessing Excellence. 

Using instructions and video included in the author's text, Judging Exhibitions: A 

Framework for Assessing Excellence (Serrell, 2006), the researcher provided the four 

methods course professors training on the use of the assessment instrument, the 
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Framework. Two, same-student-created centers, one that had been created at the 

beginning of the pilot study and one center that had been created at the end of the 

semester, were evaluated as a group. Judges offered opinions and rankings from "an 

excellent example," to "not quite there." Which center was created before and which 

center was created after the museum experience was identified. After the training, the 

judges were given a week to individually rate the remaining 10 centers. The professors 

independently rated the museum experience learning centers without knowledge of the 

center's designer or at which time (pre- or post-) the center was created. The expert 

judges then came together for reporting, discussion, and consensus as to how well each 

center developed the four categories identified in the Framework for Assessing 

Excellence: Comfortable, Engaging, Reinforcing, and Meaningful. After three hours, a 

consensus assessment score was arrived at for each of the four categories for the 10 

learning centers. Judges then identified which centers were created before and after the 

semester's experience. Consensus was gained on each of the four aspects with a range of 

+or- 1 on the ratings: Level 1, excellent; Level 2, very good; Level 3, good; Level 4, 

acceptable; Level 5, misses opportunities; or Level 6, counterproductive. Judges were 

able to identify with 100% accuracy which of the I 0 centers were created before and after 

the museum experience 

The pilot group's results on the STEBI-B, the written answers to the researcher

designed questions and the focus group discussion all revealed that the students did feel 

that they all felt more confident in their ability to teach science effectively and create 

constructivist learning materials for their classrooms at the end of the semester. Although 

they enjoyed the museum and felt it was a positive influence, three of the students 
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mentioned in some form that "there were times when we didn't use the museum and it 

would have been better to have had those classes at the university." Because of this 

dissatisfaction, the syllabus for the actual study was amended. The class periods for the 

mid-term exam, the final learning centers, and resource unit lesson presentations were 

held on campus. In addition, the researcher made stronger connections to the museum 

and had an element of each lesson where the students were required to either participate 

or observe on the museum floor. Students also expressed concern that they did not have 

enough field experience in early childhood/elementary classrooms when over half of their 

independent participation for the university required field experience was at the museum. 

Because of these concerns, the field experience hours for the museum were cut from 10 

to 8 for the actual study. This left 10 hours for public school classroom field experience. 

The syllabus for the fall semester is attached (Appendix H). Note that although 

the context for the class changed, the content, the Florida Sunshine State Standards 

(Appendix J), remained the same as if the course were taught at the university. Additional 

requirements of the course are contained in a later section, Requirements of the Course. 

The Actual Study 

Description of the Participants 

The participants of the study were the 14 members of the EDU 4083 Teaching 

Science in the Elementary School class who had selected to take the course for the 

Spring, 2007 semester. The class was composed of 13 females and 1 male. All were 

Caucasian. Ages ranged from 19 to 23. Initially, there were 15 members, but one member 

withdrew before mid-term, citing an overloaded course schedule and financial reasons. 
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Students may take the elementary science methods course anytime during their 

sophomore, junior, or senior year. The only requirement is that they have completed all 

required admission criteria (General Knowledge exam, fingerprinting, GPA of 2.5, and 

have successfully passed an interview process with College of Education faculty) to 

officially be a candidate for graduation from the College of Education. No mention of the 

museum component was in the course catalog or printed materials. There was no 

traditional delivery method of this course for the Spring 2007 semester. Therefore, 

students did not select the course because of the museum component, but because it 

followed the sequence of their degree plan. 

The students were all pursing Florida state K-6 teacher certification. Twelve 

members of the class requested field experience placement in K-2, with one requesting 

third grade and one requesting fifth. All students chose to be included in the study and 

completed the informed consent document. 

Description of the Settings 

The setting for the study was a private, independent university dedicated to the 

integration of Christian principles in scholarly studies. Only 30 years old, it is a growing 

university in southern Florida. The student body contains approximately 3,300 students. 

The university's published mission is to develop leadership, learning, and service by 

offering undergraduate, graduate, and professional programs of study in the arts, 

humanities, business, education, selected sciences, and professional schools such as 

pharmacy and nursing. 

The focus of this study, the College of Education and Behavioral Sciences, serves 

approximately 300 education undergraduate males and females. Pre-service teachers 
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typically take between 21-30 credit hours of methods courses, depending on their area of 

specialization. The EDU 4083 Teaching Science in the Elementary School course usually 

enrolls between 8 and 20 students per semester. The catalog description states that "the 

purpose of this course is to provide practice in the selection and use of methods and 

materials related to the teaching of science in the elementary school." Opportunities to 

investigate concepts, strategies, and resources are highlighted through experimentation 

and investigations while the Sunshine State Standards are featured in all classroom 

demonstrations. Participation in a field experience is required. Upon completion of the 

course, the students are expected to understand the basic concepts associated with 

teaching science at the elementary level. 

The science museum used in the study is an interactive venue that houses six 

galleries, each containing exhibits that are geared for adults and children of all ages. The 

permanent galleries include: Egypt, Worlds of Wonder, Space, the McGinty Aquariums, 

Galaxy Golf, and the Buzz Aldrin Planetarium. Collections such as minerals and shells 

from the oceans of the world are displayed for study. Docents, such as a former NASA 

employee who worked on the Apollo moon landing, are available on the museum floor to 

help visitor understandings. Over I 00 different science-based activities are designed for 

hands-on participation. An interactive outdoor science trail features explorations with not 

only large exhibits, but the fauna and flora of south Florida. The museum participates 

with other museums in large, theme-based, traveling exhibits that are designed to stay for 

several months and then be replaced. In addition, the museum is presently in a growth 

phase. It has plans to begin building a futuristic building with expanded facilities in the 

spring of 2008. The current museum taught over 64,000 students in formal science 
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classes in fiscal year 2003-2004. Over 12,000 of these students participated in outreach 

classes brought to their school. This museum was chosen due to its proximity to the 

university. 

The museum previously partnered with a few elementary schools, but the 

collaboration with a university was new. This study was a first step in a partnership that 

is continuing. The university class participated in in-house museum programs, exhibit 

explorations, docent training, and provided volunteer hours in working with individuals 

and small groups of students who attended the museum during school hours, evenings, 

and on Saturdays. 

Sampling 

The power for the study was low due to the small, available sample. This was a 

result of the size of the elementary pre-service teacher pool, which met the prerequisites 

and elected to take this methods course for the spring semester. No other traditional 

science methods class section was being offered at this time; therefore, all science 

methods course students who elected to take a science methods course this semester were 

involved. The course selection is solely based on course sequence, not a predisposition to 

self selecting in order to take the museum component. Study participants could be 

sophomores, juniors or seniors, depending on their degree plans. 

Even though the power is low, the researcher, the college of education, and the 

museum are interested in the results to ascertain the value of the continued partnership as 

measured by opinions of the participants. 
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Procedures 

At the first class meeting, university students followed the syllabus (Appendix I) 

for topics addressed and requirements of the course. In order to arrange transportation, 

students were informed of the change of venue to the museum, beginning with class 

number 6. Students were informed that the results from their attitudinal surveys, written 

reflections, focus group discussion, and their learning center materials would be used in a 

doctoral study. The first three class periods of the semester were conducted in the 

"science room" at the host university with no special adaptations from the usual syllabus. 

The purpose of this location for three class periods was to allow for any late registrations 

to join the class before the museum orientation and for students to complete the initial 

learning center. However, no one was added to the course after the first class period. 

To establish pre-museum visit attitudes about teaching science, the Science 

Teaching Efficacy Belief Instrument (Appendix B) was given the first class period, 

before any science concepts or ideas were introduced. At the third class meeting, students 

presented their initial learning centers. Based on one of the eight science strands 

contained in Florida's Sunshine State Standards (Appendix J), these portable discovery 

centers provided students' pre-class understandings of hands-on, constructivist-based 

activities. The learning centers were held at the university until the post-museum 

experience learning centers were presented to be assessed using the Framework for 

Assessing Excellence instrument (Appendix C). Beginning with the sixth meeting, 

classes were held at the museum, unless otherwise indicated on the syllabus (Appendix 

1). 
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To meet school district requirements, the pre-service teachers were allowed the 

fourth and fifth class periods to arrange and begin their 10 hours of field experiences in 

elementary public school classrooms. Beginning with the sixth class of the semester, the 

students met at the museum to have class and use the exhibits in the museum to see how 

constructivist theory is applied to practice. Other than days when non-museum 

assignments were due, observations in the schools, and the mid-term exam, the classes 

were held in various parts of the museum. On class period 29, the students met back at 

the university and the post-museum experience learning centers were presented. 

Researcher-designed questions were distributed to be discussed at the 31st class period. 

The final was given during class 30, and grades were assigned before the focus group 

convened. During the final class period, the Science Teaching Efficacy Beliefs 

Instrument (STEBI-B) was repeated to determine if the student teachers' self-efficacy 

about teaching constructivist-based science had changed over the course of the semester. 

Then, the researcher convened the focus group. Using the distributed questions from 

week 29, data were gathered about changes in pre-service teachers' self-efficacy and their 

perceptions of their ability to develop science materials using a constructivist approach. 

During the last week of the semester, the researcher met with the learning center 

judges, who were four methods course professors, for a refresher class on using the 

Framework, the instrument for assessing the learning centers. Using instructions and 

video included in the author's text, Judging Exhibitions: A Framework for Assessing 

Excellence (Serrell, 2006), the researcher provided refresher training on the use of the 

instrument. An initial learning center from a student who had elected to drop the course 

before midterm was used as the example. The expert judges individually assessed the 
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center on the Framework's four aspects, Comfortable, Engaging, Reinforcing and 

Meaningful and came together to discuss their results, before beginning their actual 

evaluations for the study. 

Due to one judge's being replaced between the pilot study and the actual study, 

inter-rater reliability for use on the Framework for Assessing Excellence (Appendix C) 

was determined during the actual study rather than the pilot study. To determine if 

significant difference from pre- to post-museum occurred, the professors rated both the 

28 pre- and post-museum experience learning centers. These assessments were completed 

without knowledge of the center's designer or at which time (pre- or post-) the center was 

created. On May 9, 2007, the judges met with the researcher to compile their data, 

discuss their findings, and attempted to come to consensus on the ratings for each of the 

four components on the Framework. 

Data Collection 

Demographic information was collected from each class member by a 

questionnaire administered at the first class meeting. Information was compiled for age, 

science content credits, and methods course hours completed (Appendix A). 

Statistical data collection procedures involved two instruments administered 

before and after the museum treatment. The first instrument, the STEBI-B (Appendix B), 

was administered at the beginning of the first class period in order to establish the 

baseline for the pre-service teachers' self-efficacy toward teaching science. The second 

administration took place at the conclusion of the semester. This instrument documented 

changes from the pre-service teachers' initial efficacy beliefs about their personal science 
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teaching efficacy and their science teaching outcome expectancy to those beliefs after 

having the university-based museum methods course experiences. 

The second instrument, A Framework for Assessing Excellence (Appendix C), 

was used to assess the initial learning center, completed for the third class period before 

the museum treatment, and the final learning center presented at class period 29, after the 

museum experience. This pre/post test assessment was implemented by the college of 

education methods course professors trained on the instrument. Both sets of learning 

centers were delivered to the trained raters at the conclusion of the course without 

designation as to pre- or post-course completion. 

The third set of data was collected on the last class period of the semester, after 

grades had been assigned. The focus group was convened and recorded for transcription. 

Written answers to the researcher-designed questions that were developed around the 

instruments used in data collection, the Science Teaching Efficacy Belief Instrument and 

the Framework for Assessing Excellence, were collected. The Student Release of 

Information forms were signed (Appendix F). All students were required to participate in 

the focus group, but could have chosen not to have been recorded or to have had their 

information used in the results of the study. All students elected to have their data 

included. 

Instrumentation 

Science Teaching Efficacy Belief Instrument- Pre-Service, Modified 

The first data collection instrument used was the Science Teaching Efficacy 

Belief Instrument-Pre-service (STEBI-B). The Science Teaching Efficacy Belief 

Instrument Form B (Enochs & Riggs, 1990) is a two-scaled instrument designed 
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specifically for pre-service teachers. It revises the STEBI-A, the original instrument 

created by Riggs in 1988 for in-service teachers. The new form, B, poses the same 

questions as the STEBI-A, but places the questions in the future to ascertain what pre

service teachers believe they "will" do or feel when teaching, allowing the construct to be 

viewed in a different situation context, which is consistent with Bandura's (1994) theory 

of self-efficacy. 

The instrument, modified by Bleicher (2004), is a 23-item survey containing 

questions that students answer on a 5-point Likert scale ranging from strongly agree to 

strongly disagree. Consisting of two subscales, the Personal Science Teaching Efficacy 

Belief Scale (PST£) and the Science Teaching Outcome Expectancy Scale (STOE), the 

instrument addresses dimensions of self-efficacy and expectancy (Enochs & Riggs, 

1990). Personal Science Teaching Efficacy (PSTE) refers to the strength of the pre

service teachers' own self-efficacy related to being an elementary science teacher. An 

example PSTE question is, "I will find it difficult to explain to students why science 

experiments work" (Enochs & Riggs, 1990). Science Teaching Outcome Expectancy 

refers to the strength of their expectations about the results of science teaching. An 

example STOE question is, "The teacher is generally responsible for the achievement of 

students in science." 

This instrument was chosen for the study because previous research has shown 

that if pre-service teachers lack confidence in their ability to teach science, they are much 

less likely to engage their own students in a constructivist-based approach to science 

(e.g., Ramey-Gassert & Shroyer, 1992). Bleicher (2004), when further developing a tool 

to measure pre-service teachers' self-efficacy, used Scharmann and Hampton 's (1995) 
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discussion of the issue of self-efficacy toward teaching science as being a "real concern." 

Enochs and Riggs ( 1990) were so alarmed about the issue of low self-efficacy in 

elementary science teaching that they considered the concept critical for teacher 

education programs to address. This study grows out of that concern and implements 

their instrument for data analysis to discover if, indeed, the value-added context of the 

museum will influence the pre-service teachers' self-efficacy toward teaching science. 

Reliability and validity of the instrument wer established by Enochs and Riggs 

(1990). Using a sample of 212 pre-service teachers (184 female and 27 male), the 

reliability analysis of the PSTE produced an alpha coefficient of .90 with all 13 items 

obtaining a corrected item total correlation of .49 and above. Factor analysis showed all 

13 items loaded highly with their own scale. The second subset, the STOE, produced an 

alpha coefficient of .76. The lowest corrected item-total correlation for an item from this 

scale was .30. Factor analysis results indicated that I 0 of the 12 items loaded most highly 

with their own scale. Two items, 20 and 25, cross loaded and were removed from the 

instrument and are no longer present in the STEBI-B (p. 694). Construct validity was 

determined by factor analysis. The two scales (PSTE and STOE) were found to be 

modestly correlated (r=.46) so additional criteria were selected to help establish validity. 

Using Markle's (1978) Subject Preference Inventory (SPI), the researcher found that the 

SPI science scores correlated to the STEBI-B with a correlation of .86. Additionally, a 

self-study questionnaire confirmed that for in-service teachers these factors were 

correlated with both scales (Riggs, 1988). 

Re-visiting the STEBI-B, Bleicher (2004 ), used factor analysis of data gathered 

from 290 pre-service teachers (88% female, 12% male), for a more recent look at the 
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internal validity and reliability of the STEBI-B (Appendix B). Bleicher found that the 

means and standard deviations of all 23 items "agreed remarkably well" with the original 

1990 instrument. He also concluded that the general homogeneity of the two scales was 

upheld by the new study. Further analysis of the data and interviews with students led to 

the deletion of the word "some" before the word "students" in items 10 and 13. These 

revisions appeared to have increased student understanding of the questions and therefore 

increased the reliability of the instrument (Bleicher, 2004 ). Hence, the researcher referred 

to the STEBI-B as "modified" in the current study. 

A Framework for Assessing Excellence 

The second set of data was collected from the assessment of student-created 

learning centers. While students designed various artifacts for the course, two learning 

centers were the products assessed for this study. The learning centers were scored using 

"A Framework for Assessing Excellence from a Visitor' s Perspective" (Appendix C), 

which was designed by renowned museum officials and presented by Dr. Beverly Serrell 

in her book, Judging Exhibition: A Framework for Assessing Excellence (2006). The 

instrument was originally constructed as a tool to help museum educators, officials, and 

designers see the strengths and weaknesses of specific exhibits from a practical point of 

view, from that of the end user, the visitor. It is not meant to be a single evaluation 

instrument, but a collaborative tool whose focus is the improvement of visitor meaning. 

Used in class throughout the semester, the pre-service teachers assessed and discussed the 

positives and negatives of museum exhibits, as well as those learning centers of their 

classmates. 
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The Framework is comprised of four sections, Comfortable, Engaging, 

Reinforcing, and Meaningful, each with four to eight aspects as criteria. Ratings are 

described as excellent, a wonderful example ( ++ ); a good example ( + ); not quite there (-); 

self-defeating ( --); and does not apply (NA). The results are compiled and each section is 

assigned a level 1-6, from excellent to counterproductive, based on the rating level. The 

evaluators then discuss each area and record consensus scores, positive or negative. One 

of the valuable aspects of the rating system is that it is designed for collaboration and 

discussion, not simply numerical grading and was purposefully chosen by the researcher 

for that reason. 

A major component of the museum context was that students were engaged with 

constructivist exhibits from which conversations about how to structure learning 

experiences for their students should take place. The "Framework for Assessing 

Excellence" instrument was used by the students as they evaluated established museum 

exhibits as part of their course activities. Therefore, the Framework used in this study's 

analysis of data regarding student-created learning centers was familiar to students. 

In explaining the background for the development of the instrument's four 

aspects, Comfortable, Engaging, Reinforcing, and Meaningful, Serrell (2006), explored 

research that centered on the four major criteria that effect learning at an exhibit. 

"Comfort" issues (Balling & Falk, 1980; Csikszentmihalyi & Hermanson, 1995; Evans, 

1995; Hedge, 1995) reflected attention to assessing whether exhibit elements could be 

read or viewed with ease, contained choices, provided physical and conceptual 

orientations, and planned for a variety of socio-cultural views, educational levels, and 

physical abilities. Because a few of the aspects of this section of the instrument are 
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museum-specific (lighting, air conditioning, etc.), the study's judges were instructed to 

code them as not applicable, as permitted on the instrument itself. 

Using data from other researchers (Allen & Gutwill, 2004; Bitgood, Patterson, & 

Benefield, 1988; Evans, 1995; Gagne, 1985; Harvey, 1995; Silverman, 1990), Serrell 

(2006) explains the inclusion of the second criteria, "Engaging Experiences" as assessing 

the extent to which the exhibit maintains interest, uses a variety of sensory modalities, 

and promotes social behaviors. The third aspect identified on the Framework, 

"Reinforcing Experiences," was based on research from Evans; Hedge ( 1995); and 

Herrmann & Plude ( 1995). It centers around a participant being challenged but not 

overwhelmed, and allows for feelings of success, as well as having a logical structure. 

Research on the fourth criteria, "Meaningfulness" (Csikszentmihalyi & Hermanson, 

1995; Jarrett, 1999) is explained in the Framework as how well an exhibit provides 

participants a relevance of ideas and objects that are easily integrated into the visitor's 

experience, materials that are timely and important, contains ideas that do not shy away 

from controversy, and promote change in people's thinking and feelings (Serrell, 2006, 

pp. 112-117). 

The developers of the instrument used John Frederiksen's work with assessments 

and rubrics as a model for the instruments. It was his suggestion that the title of the 

instrument should be "Framework" (as cited in Serrell, 2006). Frederiksen's structure for 

reliability and validity for the Framework are based on three aspects: "systemic validity" 

(the assessment drives the system in increasingly productive directions), "construct 

validity" (agreement on which characteristics are important and how they are to be 

defined), and "predictive validity" (the extent to which the ratings predict the result of 
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related measures of the visitor experience) rather than "statistical validity" (Serrell, 2006, 

pp. 126-129). With respect to these, the Framework stands as a valid tool for evaluating 

exhibits because it can be correlated to 50 years of research based on museum visitor 

study data. 

"Reliability, a high degree of agreement among judges looking at the same 

exhibition, is the greater challenge because there is subjectivity in the ratings." 

Frederiksen's process of social moderation, discussing and gradually coming to 

consensus, with the judges is the process that was used in the study (Serrell, 2006, pp. 

130-132). 

The four trained methods course professors serving as evaluators blindly rated 

both sets of learning centers, not designated pre- or post-, to determine if any significant 

change occurred in student's abilities to create effective learning centers from the 

beginning of the semester, before the museum-based course, to the conclusion of the 

course. Students chose a pen name and centers were numbered to ensure confidentiality. 

Inter-reliability was achieved for each of the four criteria, Comfortable, Engaging, 

Reinforcing, and Meaningful. In addition to paired samples t tests, the following chapter 

presents descriptive statistics and general characteristics as reported by the raters. 

Researcher-Designed Focus Group Questions 

The third evaluation tool, a set of five, course reflection questions (Appendix D) 

were completed at the end of the semester, after grades were assigned so that students 

would not face anxiety about presenting negative answers. The purpose of the questions 

was to allow the pre-service students a chance to discuss their sense of efficacy and what 

they learned because of the science methods course being held in the museum context. 
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Questions were validated by the dissertation committee. The questions also served as the 

basis for the focus group discussion, held at the final class meeting. 

The written answers to the researcher-designed questions, focus group results, as 

well as the results from the STEBI Band the Framework for Assessing Excellence were 

used by the College of Education and the science museum to determine if the partnership 

should continue and possibly expand to other subject areas, specifically the math methods 

course. It was determined that the collaboration should continue with the possibility of 

combining some of the math and science methods course classes at the museum. 

Data Analysis Methods 

Data Analysis Methods for the STEBI-B 

Consistent with the quasi experimental design, the first statistical method 

analyzed the data from the aggregate scores of the class as a group. Using the Statistical 

Package for the Social Sciences (SPSS), the paired samples t test was used to analyze the 

data from the STEBI-B (Appendix B). This method of data analysis was chosen due to 

the condition that the sample for both sets of data was comprised of the same population 

set, Spring semester 2007 science methods students. The students' responses on the 

STEBI-B (Appendix B), before participating in the methods course and after, were 

compared. The test measured whether the mean of the second distribution would differ 

significantly from the mean of the first distribution. The data were further analyzed using 

the participants' age, number of science credits, and methods course hours to examine the 

degree of relationship between the pre-service teachers' self-efficacy toward teaching 

science and the science methods course. In addition, frequency counts were established. 

Results are presented in Chapter 4. 
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Data Analysis Methods for the Framework for Assessing Excellence 

A complementary part of the study involved the Framework for Assessing 

Excellence (Appendix C). The instrument was chosen to assess each learning center's 

level of achievement for the established criteria. The four categories of each learning 

center, Comfortable, Engaging, Reinforcing and Meaningful were compared for each 

student' s pre- and post-museum visit and then aggregated for the class as a whole. The 

paired samples t test was conducted to determine changes in the pre-service teachers' 

skills in creating effective learning centers. Significance levels and effect sizes are 

recorded in Table 12. Using ratings from the four methods course professors, the analysis 

produced descriptive statistics and a general discussion of the characteristics of the 

students learning centers with respect to the instrument. 

Data Analysis Methods for the Researcher-Designed Focus Group Questions 

Stewart and Shamdasani ( 1990) report the analysis and interpretation of focus 

group data to be as rigorous as that generated by other methods. The 75-minute focus 

group was first transcribed. Data were gleaned from the audio recording of the session 

according to McMillan's (2000) description of the most common approach for analyzing 

data from focus group transcriptions, that of organizing the material by words, phrases, or 

events that seem to stand out. Codes were then created for patterns that related to the pre

service teachers' perceptions of the context, changes over time, relationships, and other 

aspects of the research questions. Categories such as skills, relevance and practicality, 

reinforcing activities, creating hands-on materials, and overall confidence in teaching 

science were investigated. The categories were then analyzed with respect to the results 

of the STEBI-B and the Framework for Assessing Excellence. Relationships among these 
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categories were synthesized and inferences were drawn. Janis' ( 1965) classification of 

content analysis in Stewart and Shamdasani was used. Designation analysis (the 

frequency with which certain objects, persons, institutions, or concepts are mentioned); 

attribution analysis (the frequency with which certain characterizations or descriptors are 

used); and assertions analysis (the frequency with which certain objects are characterized 

in a particular way) were chosen due to the nature of the focus group questions. This 

qualitative approach was used to capture understandings through "people's own words" 

(Bogdan & Biklen, 1998, p.41 ). 

Requirements of the Course 

The heart of the methods course centers on the Florida Sunshine State Standards 

for Elementary Science (Appendix J). The class worked with the standards A through H, 

identified for use with kindergarten through third grade (K-2). The students chose the 

strand, standard, and benchmark they wished to address by the second class meeting. 

The university requires a 16-hour field experience component for all methods 

courses. This encompasses working directly with children in a teaching situation and an 

observation of a lesson presentation by the course professor. It is structured at the 

discretion of the course professor. Six hours of this requirement were spent in the 

museum and 10 hours were completed in a public or private elementary school. Other 

requirements of the course, not related to this study, involved a research paper on science 

and faith controversies, a "science in the news" presentation, a museum field trip 

resource packet, a science strand resource unit, a midterm and final exam, as well as 

readings and discussions. 
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Structure of EDU 4083 Teaching Science in the Elementary School 

The topics and references addressed in the course are identified in the syllabus 

(Appendix I). Each class period typically contained two sections. The first was a period 

of discussion or inquiry designed to identify and extend science theories, concepts, or 

instructional methodology relevant to the Sunshine State Standards. The second section 

was experience on the museum floor working with those theories, concepts or 

methodologies. Typically, each class had a "wrap-up" or debriefing, either by completing 

individual journal reflections or whole group discussion. Connections were made to 

content knowledge, pedagogy, and pedagogical content knowledge with respect to 

teaching science. Emphasis was on ways to deliver science content through 

constructivist -based activities. 
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Chapter 4 

Results of the Study 

Preface 

This study investigated the impact of a museum-based science methods course on 

early childhood/elementary pre-service teachers' self-efficacy and ability to develop 

curriculum using a constructivist approach. Addressing the research question, "How does 

a museum-based science methods course affect early childhood/elementary pre-service 

teachers' self-efficacy and ability to develop curriculum using a constructivist 

approach?," the first part of the study explored pre-service teachers' attitudes toward 

teaching science, before and after their museum experiences. Two specific areas, personal 

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

measured by the STEBI-B (Enochs & Riggs , 1990) modified by Bleicher (2004 ), were 

addressed. The second part of the research question, "How does a museum-based science 

methods course affect early childhood/elementary pre-service teachers' self-efficacy and 

ability to develop curriculum using a constructivist approach?" investigated the ability of 

the pre-service teachers to develop learning centers. The Framework for Assessing 

Excellence in Exhibitions from a Visitor's Perspective (Serrell, 2006) was used to assess 

the growth from pre- to post-course experiences. The instrument was created by museum 

experts to help assess the quality of exhibits. Using four criteria, Comfortable, Engaging, 

Reinforcing, and Meaningful, it focuses on building consensus between raters. 
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The third part of the study explored the pre-service teachers' personal reflections 

of their experiences with the science method course being set off campus at the science 

museum. Five researcher-designed questions served as the basis for the study. Students 

answered the questions on paper and then used those answers as a basis for an optional, 

focus group discussion held the last day of class. 

In reporting the results of this study, the chapter is divided into four sections. The 

first includes the descriptive statistics of the sample. The second section includes SPSS 

analysis from pre-service elementary teachers' efficacy beliefs regarding their personal 

science teaching and their attitudes toward science teaching in general. The third section 

includes the assessment of learning centers created before and after the museum 

experience based on SPSS analysis. Finally, the last section presents a qualitative analysis 

of both written and verbal student responses to questions about the museum-based 

methods course. 

Demographics f~lthe Study 

The setting for the study was a small (approximately 3,000 students), private 

university in South Florida. The participants of the study were the 14 members of the 

EDU 4083 Teaching Science in the Elementary School class, 13 females and 1 male. All 

were Caucasian. Ages ranged from 19 to 23. Initially, there were 15 members, but one 

member withdrew before mid-term, citing an overloaded course schedule and financial 

reasons. The students were all pursuing Florida state K-6 teacher certification. Twelve 

members of the class requested field experience placement in K-2, with one requesting 

third grade and one requesting fifth. All students chose to be included in the study and 

completed the informed consent document. Table 7 represents the current and prior 
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experiences the students had with science content courses and methods courses taken in 

the College of Education and Behavioral Sciences. Student selected code names were 

used in data gathering. 

Table 7 

Student Demographics: Methods Course Credit Hours Completed Before and 

Concurrently with the Museum-based Course; Science Content Credit Hours Completed 

Prior to the Study 

Number of Methods Number of Methods 
Number of 

Student Code Course Credit Hours Course Credit Hours 
Science Content 

Names Completed Before Taken Concurrently 
Credit Hours 
Completed Prior 

Taking This Course With This Course 
to the Studi: 

1. Marcella 16 6 10 

2. Annecia 13 9 10 

3. Elizabeth 10 8 4 

4. Doodle 16 6 10 

5. PBA 310M 15 6 10 

6. Crisp 10 8 6 

7. Eleazer 15 5 21 

8. Lax 5 8 10 

9. Daisy 5 6 7 

10. Africa 15 6 10 

11. Janer 4 6 7 

12. John Smith 2 8 7 

13. Betty 5 8 4 

14. Green 15 6 10 

Experience in methods courses, where students typically have to observe in the 

schools and/or construct teaching activities and then practice teaching, ranged from 2-16 

hours. For seven students, this was the last semester before student teaching. All students 
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were taking at least two methods courses this semester and six students were taking at 

least three. Their background in science hours varied widely. Two students had 

completed only one science content course and accompanying lab while eight others had 

completed the required 10 hours of science content. One student, the only male in the 

class, had completed a science concentration with 21 hours. 

Analysis of Pre-Service Teachers ' Self~ Efficacy Beliefs 

The participants' responses on the STEBI-B (modified by Bleicher) were 

analyzed using descriptive statistics. The 23-question instrument (Appendix B) provides 

Likert-type results (5=strongly agree, 4=agree, 3=uncertain, 2=disagree, !=strongly 

disagree) on two distinct dimensions of pre-service teachers' efficacy beliefs about 

themselves as science teachers. The first dimension, the Personal Science Teaching 

Efficacy (PSTE) subscale, utilizes 13 questions (numbers 2, 3, 5, 6, 8, 12, 17, 18, 19, 20, 

21, 22, 23) that range from a minimum score of 13 (least efficacious) to a maximum 

score of 65 (most efficacious). It addresses how strongly pre-service teachers believe they 

will personally be effective in being able to communicate science ideas and activities to 

their students. The second dimension, the Science Teaching Outcome Expectancy 

(STOE), utilizes the remaining 10 questions (numbers I, 4, 7, 9, 10, II, 13, I4, IS, I6) 

with a minimum score of I 0 and a maximum score of 50. It addresses how strongly pre

service teachers believe science teaching effects science learning. 

To provide consistent values between negatively and positively worded items on 

the instrument, item numbers 3, 6, 8, 10, 12, 13, 17, 19, 20, 21, and 23 were reverse 

scored at the beginning of the analysis. Note that higher the mean scores on negatively 

written items also represents higher positive teaching efficacy. 
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Tables 8 and 9 represent the percentage summaries of the STEBI-B' s two 

subscales, students' Personal Science Teaching Efficacy and Science Teaching Outcome 

Expectancy. In examining the responses to the individual STEBI items, the categories 

Strongly Agree and Agree were collapsed to "Agree" and Strongly Disagree and 

Disagree were collapsed to "Disagree." This was done for this particular data set because 

the researcher sought only to see if the students ' positive or negative feelings about 

teaching science changed over the course of the semester and did not seek the 

differentiation between strongly agree/agree and strongly disagree/disagree. Tables 8 and 

9 present those changes. 

Table 8 

Personal Science Teaching Efficacy: Percentages of Students Who Agree or Disagree, 

Pre-Museum/Post-Museum Experiences 

Item Question 

Agree 
Pre

Museum 

2 

3 

5 

6 

8 

I will continually find 
better ways to teach 
science 

Even if I try very hard, 
I will not teach science 

71.43 

as well as I will most subjects 

I know the steps to teach 7.14 
science concepts effectively 

I will not be very 
effective in monitoring 
science experiments 

I will generally teach 
science ineffectively 
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Agree 
Post

Museum 

100.00 

100.00 

Disagree 
Pre

Museum 

42.85 

28.57 

42.86 

Disagree 
Post

Museum 

92.86 

100.00 

100.00 

(table continues) 



Table 8 (continued) 

Agree Agree Disagree Disagree 
Pre- Post- Pre- Post-

Item Question Museum Museum Museum Museum 

12 I understand science 14.28 100.00 
concepts well enough to 
be effective in teaching 
elementary science 

17 I will find it difficult to 35.71 100.00 
explain to students why 
science experiments 
work 

18 I will typically be able 21.43 64.28 
to answer students' 
science questions 

19 I wonder if I have the 7.14 71.43 
necessary skills to teach 
science 

20 Given a choice, I will 14.28 71.43 
not invite the principal 
to evaluate my science 
teaching 

21 When a student has 35.72 85.62 
difficulty understanding 
a science concept, I will 
usually be at a loss as to 
how to help the student 
understand 

22 When teaching science, 56.95 100.00 
I will usually welcome 
student questions 

23 I do not know what to 28.57 100.00 
do to turn students on 
to science 
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The percentages for each question increased from pre-test to post-test. Therefore, 

the museum-based science course appears to have had an influence on the personal 

science teaching efficacy of the class members. In all 13 items of the Personal Science 

Teaching Efficacy, students were more confident in their abilities to teach science after 

the course. Of particular interest are those indicators that report I 00% of the students 

agree post course with: "/know how to turn students on to science," "When teaching 

science, I will usually welcome student questions," "/understand science concepts well 

enough to be effective in teaching elementary science," "/know the steps to teach 

science effectively," "/will continually find better ways to teach science," "/will be 

very effective in monitoring science experiments," and "/will generally teach science 

effectively." 

Table 9 

Science Teaching Outcome Expectancy: Percentages of Students Who Agree or Disagree, 

Pre-Museum/Post-Museum Experiences 

Item Question 

Agree 
Pre

Museum 

4 

When a student does better 74.43 
than usual in science, it is 
often because the teacher 
exerted a little extra effort 

When the science grades of 92.85 
students improve, it is often 
due to their teacher having 
found a more effective 
teaching approach 
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Agree 
Post

Museum 

100.00 

100.00 

Disagree 
Pre

Museum 

Disagree 
Post

Museum 

(table continues) 



Table 9 (continued) 

Agree Agree Disagree Disagree 
Pre- Post- Pre- Post-

Item Question Museum Museum Museum Museum 

7 If students are 92.86 85.71 
underachieving in science, 
it is most likely due 
to ineffective science 
teaching 

9 The inadequacy of a 90.43 92.85 
student's science back-
ground can be overcome 
by good teaching 

10 The low science achieve- 28.57 85.71 
ment of students cannot 
generally be blamed on 
their teachers 

11 When a low-achieving 85.71 85.72 
child progresses in science, 
it is usually due to extra 
attention given by the 
teacher 

13 Increased effort in science 92.86 100.00 
teaching produces little 
change in students' science 
achievement 

14 The teacher is generally 71.43 85.72 
responsible for the achieve-
ment of students in science 

15 Students' achievement in 71.43 85.72 
science is directly related 
to their teacher's effective-
ness in science teaching 

(table continues) 
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Table 9 (continued) 

Item Question 

Agree 
Pre

Museum 

16 If parents comment that 58.14 
their child is showing more 
interest in science, it is 
probably due to the child's 
teacher 

Agree 
Post

Museum 

78.57 

Disagree 
Pre

Museum 

Disagree 
Post

Museum 

Other than question number 7, the percentages for each questions increased from 

pre-test to post-test. Therefore, the scores on the Science Teaching Outcome Expectancy 

of this group of pre-service teachers appear to have been positively influenced by the 

methods course. All indicators showed improvement except "If students are 

underachieving in science it is most likely due to ineffective science teaching," which 

dropped 7.15 points, which is essentially the score of one student. 

Table 10 

Mean Totals and Standard Deviation Totals From the STEBI-B (Modified), Before and 

After the Museum Experience 

Dimension Number of Mean Standard Cronbach's 
Students Deviation Alpha 

PSTE before 13 36.77 10.72 .75 

PTSE after 13 56.00 4.45 .81 

STOE before 14 38.21 4.68 .78 

STOE after 14 41.93 3.29 .93 

PSTE=Personal Science Teaching Efficacy subscale; 
STOE=Science Teaching Outcome Expectancy 
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The mean of the pre-service teachers' PSTE scale (M=36.769) indicates that 

before the museum-based methods course they had a moderate sense of self-efficacy 

belief in teaching science. After the museum experience, their personal science teaching 

efficacy mean rose 19.23 points (M=56.00). While the students' science teaching 

outcome expectancy did not improve as much as the PSTE, the mean total did rise 3.715 

points. In addition, the post-museum course combined subsets reflected a high sense of 

personal science teaching efficacy and science teaching outcome expectancy with a mean 

gain of 22.946 from 74.983 at the beginning of the semester to 97.929 at the end. All pre

and post-museum experience gains were found to be above the .7 acceptance level for 

Cronbach's Alpha. See Table 10 for exact figures. 

A paired-samples t test was performed to see if differences occurred in the pre

service teachers' Personal Science Teaching Efficacy and Science Teaching Outcome 

Expectancy, pre- and post-museum experiences. Scores on the 13-item PSTE subscale 

indicate the strength of the pre-service teachers' own self-efficacy related to being a 

science teacher while scores on the l 0-item STOE indicate the strength of their 

expectations as to the results of science teaching. Table l I summarizes results of the 

paired samples t test performed on the item totals for the before and after museum 

experiences as identified by both dimensions of the STEBI-B, modified. A Bonferroni 

adjustment was used to correct for Type I error, yielding an alpha of .025. 
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Table J I 

Paired Samples t Test Analysis for the Pre- and Post-Dimensions of the 

STEBI-B, Modified 

t-value df 

PSTE (pre-) 19.231 12 

PSTE (post-) 

STOE (pre-) 3.75 13 

STOE (post-) 

*p=<.Ol 

PSTE=Personal Science Teaching Efficacy subscale; 
STOE=Science Teaching Outcome Expectancy 

Sig. (2-tailed) 

.000* 

.002* 

Cohen's d 

1.79 

.794 

Based on the paired samples t test, the two subsections of the STEBJ-B, modified 

by Bleicher, the pre-service teachers' personal science teaching efficacy and the science 

teaching outcome expectancy, were found to be significant at the p<.Ol level. Students 

had higher PSTE and STOE scores after the museum-based course. The effect size for 

both subscales was found to be noteworthy, 1.79 (PSTE) and .794 (STOE). 

To address the variables identified in the demographics (students' age, number of 

methods courses taken before this course, number of methods courses taken concurrently 

with this course, and number of science content hours), the data were examined to 

determine if relationships existed that influenced students' self-efficacy beliefs. Thus, 

Pearson Product-Moment Correlations were computed for each variable. 
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Table 12 

Pearson Correlations Between Methods Courses Taken Before the Museum Experience, 

Methods Courses Taken Concurrently With the Experience, Science Content Courses 

Taken, Age of the Students and the STEB/-B 

Methods Methods Science 
Courses Courses Content 
Before Concurrent Classes Age 

Before 

PSTE before .300 -.540* .629* .044 

PTSE after .318 -.178 .590* .160 

STOE before -.213 -.235 .418 .376 

STOE after -.522 -.187 .011 -.060 

Note. *Correlation is significant at p<.05 level. Effect sizes ranged from ES=.000121 to ES=.396. 

Age was found to have no significant statistical relationship to Science Teaching 

Outcome Efficacy or Personal Science Teaching Efficacy. However, the number of 

methods courses taken concurrently with the science methods course had a strong 

negative correlation of -.540 with the PSTE. Curiously, it suggests that the more methods 

courses the students were taking concurrently with this course appears to negatively 

correlate with the personal science teaching efficacy of the pre-service teachers. This 

could be an indication of stress due to multi-course expectations. Teacher education 

students often report "burn-out" (a feeling of being overwhelmed with assignments and 

field experiences) when taking multiple methods classes in the same semester. At the 

same time, the number of science content classes (biology, earth science and physical 
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science plus one lab) taken before the museum-based course does appear to have a 

positive correlation to the students personal science teaching efficacy both before (.629) 

and after the museum experience (.590), thereby indicating that science content 

knowledge does play a part in the self-efficacy of pre-service science teachers. 

Analysis of Student-Created Learning Centers 

The study' s second investigation centered around two learning centers that the 

students created. The first center was created before museum experiences and the second 

center was created afterward. 

At this university, pre-service teachers typically take between 21-30 credit hours 

of methods courses, depending on their area of specialization and are familiar with the 

assignment, "Create a Learning Center." Professors of other methods courses such as 

Teaching Reading and Teaching Math routinely incorporate learning centers into their 

requirements for their courses. Teaching Reading students often create learning centers 

that ask students to match letter sounds with word pictures, find the synonyms and 

antonyms, or identify beginning sounds. Math students create learning centers with file 

folder games, which reinforce skills learned for each of the math strands as identified by 

the Sunshine State Standards. However, the Teaching Science learning center 

requirement emphasizes creating a center, much like a science fair project, where 

students can gather data and use manipulative materials to complete an investigation. 

Using the Framework for Assessing Excellence instrument (Appendix C), trained 

methods course professors individually assessed each science learning center on four 

aspects, as identified on the Framework, Comfortable, Engaging, Reinforcing, and 

Meaningful. Each criterion on the instrument is scored so that the lower mean indicates a 
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higher score, 1 = an excellent example; 2 = a good example; 3 = not quite there; 4 = self

defeating. The consensus is scored in the same manner, 1= an excellent example; 2 =a 

very good example; 3 = a good example; 4 = an acceptable example; 5 = missed 

opportunities; and 6 =counter productive. In discussing the Framework, Serrell (2006) 

addresses the strength of the instrument to be its flexibility that allows experts to move 

their ratings up or down as discussions take place. Each judge had a chance to explain his 

or her rating and then respond to the other three judges' assessments. At the end of the 

discussion, the judges again rated each dimension to see if consensus could be achieved. 

To find the percentage of agreement for the expert judges' ratings, each judge's 

individual scores for the four criteria and overall consensus were compared to each of the 

other raters' scores, yielding 168 comparisons for the pre- and-post-museum learning 

centers. 

Table 13 

Percentages of Agreement for Expert Judges ' Ratings, Before Coming to Consensus 

Framework Dimensions ±0 ±I ±2 n 

Comfortable .57 .97 1.00 168 

Engaging .49 .98 1.00 168 

Reinforcing .53 .96 1.00 168 

Meaningful .63 .99 1.00 168 

Overall Consensus .62 .98 1.00 168 

Overall, there was moderate agreement between the initial judges' ratings on the 

individual aspects. However, agreement was within one category for almost all ratings 

(.96-.99). 
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To investigate changes in the pre- and post-museum experience aspects of 

Comfortable, Engaging, Reinforcing, Meaningful and Overall Consensus, a paired 

samples t test was run. 

Table 14 

SPSS Analysis of Expert Judges' Student-Created Learning Center Evaluations, 

Before and After the Museum Experience as Reported on the Framework 

Criteria on the Framework Number Mean Standard Effect t p 
Deviation SIZe 

Pair 1 Pre-Museum 14 4.29 1.27 
Comfortable 
Consensus 

Post-Museum 14 3.79 1.37 .287 1.07 .30 
Comfottable 
Consensus 

Pair 2 Pre-Museum 14 4.50 1.40 
Engaging 
Consensus 

Post-Museum 14 2.86 1.23 1.03 3.85 .00* 
Engaging 
Consensus 

Pair 3 Pre-Museum 14 4.79 1.12 
Reinforcing 
Consensus 

(table continues) 
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Table 14 (continued) 

Criteria on the Framework Number Mean Standard Effect t p 
Deviation SIZe 

Post-Museum 14 3.64 1.08 .846 3.17 .00* 
Reinforcing 
Consensus 

Pair4 Pre-Museum 14 4.86 1.17 
Meaningful 
Consensus 

Post-Museum 14 3.86 1.03 .769 2.88 .01 * 
Meaningful 
Consensus 

Pair 5 Pre-Museum 14 4.86 1.17 
Overall 
Impression 
Consensus 

Post-Museum 14 3.93 1.07 .699 2.62 .02** 
Overall 
Impression 
Consensus 

The results of the paired samples t test of pre- and-post-Consensus scores 

analyzed whether the judges rated the projects higher at the post-test than the pre-test. On 

all but one of the dimensions, the post-projects were rated higher. The dimension that did 

not show improvement was Comfortable. It may be that Comfortable was a difficult 

dimension for the judges to agree on because it dealt with personal opinions such as how 

much information was necessary for students to be able to interact with the center. For 

example, some judges thought it was better to have few directions or background 

information (which allowed for more discovery) while other judges felt detailed and step-

105 



by-step directions were important. Other than the Comfortable category, all aspects of the 

Framework's criteria showed significant improvement at either the .Ollevel except 

Overall Impression, or Consensus, which was .02. The post-projects received higher 

ratings on Engaging, Reinforcing, Meaningful, and Overall Impression. Thereby, 

students exhibited improvements in all these areas from the pre-project to the post

project. 

Analysis of Written and Verbal Student Responses 

After the final exam, students in the museum-based science methods course were 

given a list of five reflective questions to be answered, in bullet form, for use in a focus 

group discussion about their class experiences. All students were required to attend the 

final class debriefing, but were not required to participate in the discussion. All chose to 

do so. Grades had been calculated and reported to the dean so the pre-service teachers 

would have no fear that negative responses would impact their final grade. 

The 14 class members provided written and oral discussion answers to five 

researcher-prepared questions. Written and oral comments were analyzed from the pre

service teachers' answers to the individual questions. Each answer was first organized by 

words, phrases, and events that seemed to stand out (Miller, 2000). Codes were then 

created for patterns which may relate to the pre-service teachers' perceptions of the 

museum context, changes over time, relationships, and other aspects of the museum

based course such as exhibits or observations. Categories such as teaching skills, 

relevance and practicality to their perceptions for future teaching needs, reinforcing 

activities, creating hands-on materials, and overall confidence in teaching were 

investigated. Designation analysis (the frequency with which certain objects, persons, 
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institutions, or concepts were mentioned); attribution analysis (the frequency with which 

certain characterizations or descriptors are used); and assertions analysis (the frequency 

with which certain objects are characterized in a particular way) were chosen due to the 

nature of the focus group questions. This qualitative approach is used to capture 

understandings through "people's own words" (Bogdan & Biklen, 1998, p. 41) . 

To see if a correlation existed between the researcher's coding and the coding 

from four education professors not connected to the study, the researcher first provided a 

training session on the use of the categories and the method of coding. The cohort then 

examined the transcripts of student responses and rated the responses according to the 

training received. The correlation coefficient (a) was approximately 0.57. Although this 

is slightly lower than desired (a= .65 - .70+ ), it is in no way low enough to discount the 

general reliability of the ratings between the author and the trained professors. 

Table 15 

Researcher-Designed Questions for Written Response and Focus Group Discussion 

Question Statement 

1. What skills do you believe you have learned from this museum-based science 

methods course that will prepare you to teach science using a constructivist 

approach? How did you find this methods course different from other 

methods courses you have taken? 

2. How has the museum-based course enabled you to gain a better understanding 

about the creation of engaging and reinforcing learning centers and activities 

for your future students? 

(table continues) 
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Table 15 (continued) 

Question Statement 

3. To what extent do you feel the museum-based experiences will be a relevant 

and practical help in developing your overall approach to teaching science? 

Do you recommend that the class be taught at the museum next semester? 

Why or why not? 

4. Overall, as a result of this museum-based methods class, do you feel more 

confident in your ability to effectively teach science than you did at the 

beginning of the semester? Please explain. 

5. Overall , as a result of this museum-based methods class, do you feel more 

confident in your ability to effectively create hands-on activities and materials 

than you did at the beginning of the semester? Please explain. 

Table 16 

Response la. Student Perceptions: Skills Learned From the Museum-Based Methods 

Course as Reported in the Written Responses and the Focus Group Discussion 

Skill Reported 

How to use and create hands-on minds-on materials 

How to assess the quality of materials and activities 

How to teach for inquiry 

How to plan for activities and lessons 

How to teach using discrepant events 
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Number of Responses 

Written Response Focus Group 

6 

6 

5 

4 

4 

9 

2 

2 

0 

5 

(table continues) 



Table 16 (continued) 

Skill Reported Number of Responses 

Written Response Focus Group 

Recognized the need for the teacher to guide 

students through material 0 3 

How to give children the freedom and time to explore 0 2 

How to work with hypotheses/scientific method 0 2 

How to conduct effective field trips 0 

How to use powerful objects you can't duplicate in 

the classroom 0 

Table 17 

Response lb. Student Perceptions: Comparison of the Museum-Based Methods Course to 

Other Methods Courses They Have Taken as Reported in the Written Responses and the 

Focus Group Discussion 

Comparison Criteria Number of Responses 
Written Response Focus Group 

Learned how to teach, not about how to teach 7 7 

Participated in real world learning, in the field 3 3 

Participated in practical activities that can be duplicated 3 7 

Experienced more stimulating activities 2 0 

Saw benefits in having children learn outside of the classroom 2 0 

Saw examples of expert-created materials 2 0 

(table continues) 
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Table 17 (continued) 

Comparison Criteria Number of Responses 

Written Response Focus Group 

Evaluated what materials were effective and what were not 2 3 

Evaluated our own work done over to see growth 2 

Constructive criticism of professor over time 2 0 

Even on paper, the students appeared to be passionate about the first questions 

and used such phrases as "/learned drastically more," "/learned the most in this course 

by far," "/learned to teach science the most effective way," and "/really know how to 

teach." Other phrases such as "/experienced what we were taught," "This class, as 

opposed to others, was the only one where I saw growth. We did centers at the beginning 

and end to map our improvement. I know what to do now," and "We saw children 

interacting with the best hands-on science," were worded in various ways. Several 

mentioned that in other methods courses they were taught about teaching, but with this 

course they themselves were able to interact with activities and exhibits as well as 

observe different ages of students as they were either engaged or disinterested on the 

museum floor. Throughout the semester they were interested in how different teachers 

used the museum as a learning experience or as a "day off." They felt that interacting 

with the professionally created exhibits, planning learning experiences around the 

exhibits, and facilitating an exhibit made them better planners and implementers of 

activities for their own classrooms. 
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Table 18 

Response 2. Student Perceptions: Influence of the Course on Their Ability to Understand 

and Create Learning Centers and Classroom Science Activities as Reported in the 

Written Responses and the Focus Group Discussion 

Ways the course provided an influence Written Responses Focus Group 

Saw the excitement created by engaging activities 

Saw the need to recreate engaging activities in their own 
classrooms 

Saw the need to create reinforcing activities in their own 
classrooms 

Provided ideas for their student-created activities 

Provided experiences in evaluating the effectiveness of centers 
or activities 

10 

7 

0 

4 

8 

Interestingly, only three pre-service teachers mentioned reinforcing in any 

context. One stated that she thought centers "should allow students to discover and 

5 

3 

3 

5 

7 

explore, not just reinforce concepts learned " while the other stated that she "saw what 

types of activities were reinforcing." Almost all participants alluded to the belief that the 

museum-based course impressed upon them that they need to make their classroom 

activities engaging or their students will not learn. One student stated that "there is 

nothing more intriguing to a student than to he able to do, touch, or play with an abstract 

concept that is being discussed and in the future, I will apply learning centers and those 

activities in my classroom." Another said the museum helped her "see how students 

prefer to actively work on activities by trying and experimenting with things on their 

own. " As final example, one student summed this question by explaining, "This course 
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really helped me internalize the new concepts I was learning in class. It made it clear to 

me that the purpose of a learning center is not just for mindless practice of the new skill 

but to engage students in exploration and discovery beyond the regular teaching time." 

Table 19 

Response 3a. Student Perceptions: To What Extent the Museum-Based Experiences Were 

a Relevant and Practical Help in Developing Their Overall Approach to Teaching 

Science as Reported in the Written Responses and the Focus Group Discussion 

Degree 

Greatly beneficial 

Really (very beneficial) 

Beneficial 

Somewhat beneficial 

Written Response Focus Group 

6 

6 

Note: Only 2 students addressed the question on the written part of the study. One reported that "the 

museum-based experiences were ''very relevant," while another said the course has "taught me everything 

about being practical." These were scored on the chart as "very beneficial" and "greatly beneficial ," 

respectively. 

Table 20 

Response 3b. Student Perceptions: Recommendations/or Conducting the Methods 

Course at the Museum Next Semester as Reported in the Written Responses and the 

Focus Group Discussion 

Preference Written Response Focus Group 

In favor 10 II 

In favor, but fewer classes at the museum 4* 3* 

Against 0 0 

*Students felt some classes could be held at the university because the class content on a few days did not 

need the museum to be relevant. 
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Table 21 

Response 3c. Student Perceptions: Reasonsfor Conducting the Methods Course at the 

Museum Next Semester as Reported in the Written Responses and the Focus Group 

Discussion 

Reason Written Response Focus Group 

Learned various teaching techniques 

Learned various activities to do in their classrooms 

Resources available at the museum as a resource 

Saw educational theory in action 

Gained a comfort level with teaching science/science museum 

A break from the traditional classroom 

Experiential learning 

Identified effective and ineffective centers 

5 

5 

3 

2 

2 

3 

6 

0 

4 

4 

6 

6 

3 

0 

0 

4 

On the written portion of the study, only two pre-service teachers directly 

addressed the intent of the question "to what extent" in a quantifiable manner. One 

reported that the museum-based experiences were "very relevant" while another said the 

course has "taught me everything about being practical." Other than those responses, the 

students appeared more focused on the last part of the question, whether they recommend 

the course be taught at the museum next semester or not. As the answers to questions 1 

and 2 in the instrument indicated, all pre-service teachers supported holding class at least 

part of the semester at the museum. When asked to give reasons why, they basically 

reiterated their answers on the first two questions. 
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Table 22 

Response 4. Student Perceptions: Reasons Students Felt More Confident in Their 

Abilities to Teach Science After the Museum-Based Methods Course as Reported in the 

Written Responses and the Focus Group Discussion 

Reasons for feeling more confident Written Response* Focus Group** 

Learned effective teaching methods/skills 12 

Experienced a change in attitude about teaching science 6 

Felt more confident about their knowledge of science concepts 4 

Collected resources to help with their future classrooms 4 

7 

5 

3 

8 

* 13 students reported more confidence; one student. a science major. reported he was confident before, but 

now has many more materials to use. 

** 12 students reported more confidence; two students reported they were confident before, but felt they 

would enjoy it more now because of the resources of this class. 

The pre-service teachers reported feeling more confident at the end of the 

museum-based methods course. While most students reported information such as 

teaching methods or skills learned, this question allowed responses from the affective 

domain. One participant reported a lack of fear about teaching science as a result of the 

course, "I'm not afraid to teach science anymore." Two students expressed excitement 

about teaching getting to teach science, a dramatic change for one because she formerly 

"hated" science. "I used to hate science because I was bad at it, but now I am excited to 

teach science more than any other subject." In summing up the question, one pre-service 

teacher remarked, "I knew nothing about teaching science before this course and now I 

am confident in my ability to excite my students about science. " 
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Table 23 

Response 5. Student Perceptions: Reasons Students Felt More Confident in Their 

Abilities to Effectively Create Hands-On Activities and Materials After the Museum

Based Methods Course as Reported in the Written Re!.ponses and the Focus Group 

Discussion 

Reasons for feeling more confident Written Response* 

I have resources to create effective activities II 

Know what's effective and what is not 6 

I have the knowledge to create effective activities 6 

I know what helps students learn 5 

Focus Group** 

11 

6 

5 

0 

* 12 more confident; 2 didn ' t address the issue and I said she gained a wealth of information/ the other 

li sted several benefits of the class. 

**all 14 said they were more confident; one stated that her confidence didn't necessarily come from the 

museum portion of the class, but more from class activities. 

"Confident" responses ranged from "I think I feel more confident" to "I definitely 

feel more confident." By the fifth question, the answers were very brief. Written 

transcript pages of the focus group went from seven and a half pages for question number 

1 to one and a half for question number 5. A reason could possibly be that the questions 

were somewhat redundant and that the session had lasted right at 75 minutes . However, 

several students did fully explain the reasons behind their confidence in their ability to 

effectively create hands-on activities and materials when compared to the beginning of 

the semester. "I definitely feel more confident in my ability to effectively create materials. 

Just looking at what I did at the first of the semester, I had no clue to what to create or 

even where to begin. But just seeing all the things at the museum and activities we did, I 

now have an idea, and I know how to use the same idea to create or modify them for my 
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classroom. " Another student explained, "I feel more confident just in my ability to come 

up with learning centers to fit the different strands and I have seen examples and 

resources. I think it's been really helpful. So I can brainstorm and come up with ideas 

that I wouldn't have been able to at the beginning (~f the class. When I couldn't barely 

come up with an idea for a learning center, now I can come up with ideas for all the 

strands." 

Chapter Summary 

Chapter 4 presented the demographics and results of each of the three research 

areas described in "the impact of a museum-based science methods class on early 

childhood/elementary pre-service teachers' self-efficacy and ability to develop 

curriculum using a constructivist approach." The first section described the demographics 

of the pre-service teacher population. 

The following section presented the questions and paired t test results from the 

Science Teaching Efficacy Beliefs Instrument, Pre-service, (STEBI-B), which was given 

before and after the museum-based science methods course. Statistically significant 

results were as follows: The mean of the pre-service teachers' personal science teaching 

efficacy (PSTE) rose 19.231 points from pre- to-post -museum experiences. While the 

students' science teaching outcome expectancy (STOE) did not improve as much as the 

PSTE, the mean total did rise 3.715 points. Significance levels were .000 for the PSTE 

and .002 for the STOE. In addition, the post-museum course combined subsets reflected a 

high sense of personal science teaching self-efficacy and science teaching outcome 

expectancy with a mean gain of 22.946 from 74.983 at the beginning of the semester to 
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97.924 at the end, indicating that the museum-based science methods course did appear 

to have an impact on teaching science self-efficacy. 

The data were examined to determine if demographic relationships existed that 

influenced students' self-efficacy beliefs. Thus, Pearson Product-Moment Correlations 

were computed for each variable. Age was found to have no significant statistical 

relationship to science teaching outcome efficacy or personal science teaching efficacy, 

therefore no investigation is indicated for this factor. However, the number of methods 

courses taken concurrently with the science methods course was a strong negative 

correlation with -.540. This number ( -.540) suggests that the more methods courses the 

students were taking concurrently with this course appears to negatively effect the 

personal science teaching efficacy of the pre-service teachers. This could be the result of 

"methods course burn-out," but the variable does warrant further exploration. Not 

surprisingly, the number of science content classes (biology, earth science and physical 

science plus one lab) taken before the museum-based course does appear to have a 

positive correlation to the students personal science teaching efficacy both before (.629) 

and after the museum experience (.590). This notion of "content knowledge" has been 

discussed extensively in the literature along with pedagogical content knowledge. Gess

Newsome and Lederman (2002) examine Shulman's (1986) ideas about how the two 

interact to influence pre-service teachers and teacher education programs. 

The third section of the chapter presented assessment data from two learning 

centers that the pre-service students created. The first center was created before museum 

experiences and the second center was created afterward. Using the Framework for 

Assessing Excellence instrument, trained methods course professors individually 
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assessed each learning center on four aspects defined in the instrument, Comfortable, 

Engaging, Reinforcing and Meaningful. They then deliberated and came to a Consensus 

score for each center. A paired samples t tests showed that other than the Comfortable 

category, all aspects of the Framework's criteria individually showed significance at 

either the .0 I level except Overall Impression, or Consensus, which was .02. The post

projects received higher ratings on Engaging, Reinforcing, Meaningful, and Overall 

Impression. Thereby, students exhibited improvements in all these areas from the pre

project to the post-project, indicating an impact of the ability of the students to create 

constructivist-based hands-on materials. 

The fourth section of the chapter presented written and focus group questions 

based on the pre-service teachers' reflections about the museum-based course, as well as 

the qualitative data analyzed from both the written answers and the focus group 

transcript. The students reported that they found the museum-based course responsible 

for increased confidence in their abilities to teach science and to create hands-on 

activities and materials. 
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Chapter 5 

Conclusions and Implications 

Preface 

This chapter first presents summaries of the purpose and rationale for the study, 

procedures, and major findings of the statistical and qualitative analyses which addressed 

the research question, "How does a museum-based science methods course affect early 

childhood/elementary pre-service teachers ' self-efficacy and ability to develop 

curriculum using a constructivist approach?" Second, it presents a discussion of 

conclusions and recommendations from the study, based on the findings obtained from 

these quantitative and qualitative analyses as well as the findings of other researchers. 

Finally, the limitations to the study, conclusions, implications for teacher education and 

museum education, as well as suggestions for future research are discussed. 

Summary of the Purpose and Rationale for the Study 

The purpose of the present study was three-fold. The first objective was to explore 

the impact of a science methods course being taught at a local science museum on the 

self-efficacy of early childhood/elementary pre-service teachers. The second objective 

was to see if the semester's experiences caused change in the students' abilities to create 

a hands-on learning center for use in their future classrooms. The third objective was to 

see how the pre-service teachers perceived the course context change as it related to their 

overall confidence in teaching science. 
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The investigation involved moving a pre-service science methods course from the 

traditional university setting to a local science museum where pre-service teachers were 

immersed in hands-on exhibits and contact with museum scientists and activities. The 

rationale for the study supported the reforms recommended by the National Science 

Teachers Association's Standards for Science Teacher Preparation (2003). The 

Association called for teacher education to move away from lecture, toward inquiry and 

discovery- based science methods courses. The hands-on science museum, where 

engaging exhibits are designed to have multiple entry points, stimulate curiosity, and 

enhance understanding (Allen, 2004a), was the appropriate place for constructivist theory 

. . 
ImmersiOn. 

Summary (~f the Procedure 

The participants involved in this study consisted of early childhood and 

elementary pre-service teachers at a small private university in south Florida during the 

Spring 2007 semester. All 14 members of EDU 4083 Teaching Science in the Elementary 

Classroom chose to participate. All students were Caucasian, 13 female and 1 male. No 

other section of the science methods course was held during the semester. Data were 

collected reflecting the age of the students, their number of science content hours, 

methods course hours completed before enrolling in this course, and methods course 

hours completed concurrently with this course. 

During the course of the semester, the pre-service teachers were involved in many 

aspects of the museum, including attending planetarium shows, touch-tank 

demonstrations, dissecting a squid, panning for jewels, cutting open geodes, and 

attending demonstrations with children such as "Nitro-mania," as well as volunteering 

120 



and personally facilitating exhibits for children visiting the museum (syllabus, Appendix 

1). 

The theoretical basis for the class came from cognitive and museum theorists. The 

museum context was used to turn "theory into practice" when studying Vygotsky's social 

learning ( 1978), Piaget' s disequilibrium ( 1977), Gardner's multiple intelligences ( 1993 ), 

Bruner's ideas on curriculum (1960), and Dewey's ideas on student freedom (1944). 

Museum theory emphasized how exhibits are designed and constructed as well as how 

learning takes place in museums (Allen, 2004b; Ault & Herrick, 1991; Falk & 

Storksdieck, 2005b ). 

Using both quantitative and qualitative instruments, data collection involved 

pre/post surveys and learning center assessments as well as a focus group transcription. 

Pre-service science teachers' change in self efficacy was measured by the STEBI-B, 

modified, a 23-item Likert scale instrument. Change in pre-service teachers' abilities to 

create constructivist-based learning centers was assessed using the four-dimension 

Framework for Assessing Excellence from a Visitor's Perspective. Finally, student 

perceptions and opinions about using the museum as the context for the course were 

collected through five researcher-designed questions. These reflective questions formed 

the basis for written responses and a focus group discussion. 

Discussion of the Results 

While this study explored the variable of the museum context as a basis for 

improving the students' perceptions about their abilities to teach science, it cannot be said 

that the museum was the sole variable in their increased means from pre- to post

measures. Indeed, it would be impossible to separate experiences in a methods course 
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into distinct categories. The pre-service teachers completed lO hours of public school 

classroom field experiences where they taught two classes; created and facilitated hands

on cooperative science lessons; developed and presented resource packets with activities 

for pre-, during-, and post-field trip experiences; and designed and constructed learning 

centers before and after the museum experience. These assignments were in addition to 

course readings and reflections. Even though the pre-service teachers had many 

experiences during the course of the semester, the self-reported data revealed that the 

participants perceived that the museum-based science methods experience definitely 

impacted their improved sense that they would be effective as an early childhood or 

elementary science teacher. 

Pre-Service Science Teachers' Se(fEfficacy Belief\' 

Science teaching efficacy beliefs involves two aspects. The first, personal science 

teaching efficacy (PSTE), relates to how well pre-service teachers feel they can teach 

science concepts and strategies in order to result in the second, positive student learning 

outcomes (STOE). Listening to the groans as the students attempted to take the self

efficacy survey before introducing the science methods course was amusing. The students 

had pained looks on their faces and made comments from "This is awful" and "/don't 

know how to answer this" to "These questions all seem the same. " However, when 

filling out the instrument at the end of the course their exclamations were much more 

positive "/can really answer this now," and "I'll be f?OOd at this." 

Statistically significant results were as follows: The mean of the pre-service 

teachers' personal science teaching efficacy (PSTE) rose 19.231 points from pre- to post

museum experiences. Even though the students' science teaching outcome expectancy 

122 



(STOE) did not improve as much as the PSTE, the mean total did rise 3.715 points. In 

addition, the post-museum course combined subsets reflected a high sense of personal 

science teaching self-efficacy and science teaching outcome expectancy with a mean gain 

of 22.946 from 74.984 at the beginning of the semester to 97.929 at the end, indicating 

that the museum-based science methods course did have an impact on teaching science 

self-efficacy. 

The data were examined to determine if demographic relationships existed that 

influenced students' self-efficacy beliefs. Thus, Pearson Product-Moment Correlations 

were computed for each variable. Age was found to have no significant statistical 

relationship to science teaching outcome efficacy or personal science teaching efficacy. 

However, the number of methods courses taken concurrently with the science methods 

course was found to be a negative correlation. This number ( -.540) suggests that the more 

methods courses the students were taking concurrently with this course appears to 

negatively affected the personal science teaching efficacy of the pre-service teachers . 

This could be the result of "methods course burn-out," but the variable does warrant 

further exploration. Not surprisingly, the number of science content classes (biology, 

earth science and physical science plus one lab) taken before the museum-based course 

does appear to have a positive correlation to the students' personal science teaching 

efficacy both before (.629) and after the museum experience (.590), suggesting that the 

more prior knowledge the students have with science content the more efficacious they 

feel about their abilities to teach science, even before taking part in a methods course. 

However, Shulman's work (1986) with content knowledge, pedagogical knowledge and 
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pedagogical content knowledge suggests that while teachers must certainly know their 

content, they must also know specific ways to teach that content. 

Pre-Service Science Teachers' Construction of Learning Centers 

The second part of the study involved the pre-service teachers' creation of 

learning centers, before and after the museum experience. The students reported that this 

assignment for the class was one of the most beneficial they had ever had in a methods 

course. In other methods courses, they typically had to design resource units, teach 

lessons, do field experience in the public schools, and create hands-on bulletin boards, 

games or learning centers. However, in this assignment, they were asked to design two 

constructivist-based learning centers. The first learning center was created using a class 

designed rubric based on what pre-service teachers thought would make an effective 

"hands-on, minds-on" science learning center. Students presented their centers in class 

and each student provided a critique of the all the centers. Basically, all centers were 

evaluated by the students as being some positive degree of effective. However, the 

researcher would have judged only two as meeting criteria for an effective constructivist

based learning center. An example of the discrepancy between the professor and the 

students was evident in a center designed to teach an early childhood concept of Strand 

D, Earth and Space. The pre-service teacher designed her center around the concept of 

Day and Night. Her "constructivist" activity was to have the students create hangers for 

their bedroom doors that had the moon and stars on one side and the sun on the other. 

Students in the class evaluated the idea as effective for young children and believed the 

activity would be fun. 
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Students then began meeting in the museum. This museum experience was the 

foundation of the study. Pre-service teachers were exposed to the philosophy of 

constructivist teaching and learning, not from books, but from the museum floor. The 

context of the hands-on science museum is the demonstration of the constructivist 

approach to science methods teaching. In the university setting, pre-service teachers can 

certainly investigate, explore experiments, and create resources through readings, class 

demonstrations, and other assignments. However, in the museum, the future science 

teachers were immersed in constructivist-based activities, designed by experts, not other 

pre-service teachers. The museum context allowed the students to move beyond "hands-

on" to "minds-on." 

During the semester, the pre-service teachers used the Framework for Assessing 

Excellence as a tool. They evaluated exhibit design, watched students and teachers 

interacting with museum artifacts, and manipulated the exhibits in the museum. After 

participating in critiques of the exhibits using the Framework for Assessing Excellence, 

and sharing articles based on exhibit design and constructivist philosophy, the students 

created their second learning center to see if they had improved, not only in the 

construction of their learning centers, but also in their philosophy of what makes an 

effective constructivist learning center. Instead of being upset that they had to do more 

work, the students embraced the assignment. They wanted to show how much they had 

grown. The pre-service teachers were asked to design another learning center on the same 

science strand, but to create a different activity that would address that strand. When 

presenting the second center, the first question the students had to answer was, "How is 

this center different from your first center?," and then, "What did you learn?'' The 
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students were amazed at how they had changed in what they viewed as an effective 

constructivist-based activity. The student who had created the sun and moon door hanger 

was especially expressive in her explanation of what she had learned, "/had no idea how 

really wrong I was-/ can see how I was so off-base!" Her understanding of using a 

learning center for constructivist-based inquiry, rather than simply reinforcement of a 

concept, was evidenced by her second learning center. This time, she required her future 

students to answer a question using hands-on materials to predict, gather data, and record 

their observations. 

For the study, apart from the students' evaluations, assessment data were gathered 

from the centers using the Framework for Assessing Excellence, a tool developed by 

museum experts and presented by Serre! I (2006). In an attempt to see if quantifiable 

improvement in creating learning centers had been made over the course of the semester, 

four methods course professors individually assessed the pre- and-post experiences and 

then deliberated as a group in order to come to consensus scores. Results were analyzed 

using a paired-samples t test, comparing judges' assessments of the pre- and post

museum experience learning centers in order to see if improvement had been made in the 

four dimensions of the instrument: Comfortable, Engaging, Reinforcing and Meaningful 

as well as in Overall Consensus. The post-projects received higher ratings on Engaging, 

Reinforcing, Meaningful, and Overall Impression. All four aspects of the Framework's 

criteria individually showed significance at either the .01 or .02 level, except the aspect of 

Comfortable. The Overall Impression category, or Consensus, showed significance at the 

.02 level. Thus, the data upheld the students' own assessments of the experience. 

Students did exhibit improvements in all these areas from the pre-project to the post-
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project, indicating that the course appears to have had an impact on the ability of the 

students to create constructivist-based hands-on materials. 

This "do-over" assignment provided an opportunity for reflective learning. While 

repeating an assignment can certainly be done in the classroom, the uniqueness of this 

experience was the museum context. Pre-service teachers were able to have multiple 

experiences with assessing expert-designed exhibits. When collaborating in small groups, 

they found some museum exhibits to be excellent examples of constructivist activities 

and some to need more explanation, more content, or more opportunity for interaction. 

Trying to come to a consensus forced articulation about why an exhibit received the score 

it did and what made it effective or not. It was only after these experiences that the 

students created their second learning center. 

The Museum Context as a Place for a Science Methods Course 

The third area of the study investigated the reflections of the pre-service teachers 

as they explored their feelings about their semester's experiences through written 

answers, which guided the focus group discussion. The written questions were handed 

out the week before the focus group was to convene. Students were directed to reflect on 

the answers and provide bulleted information to use as "talking points" during the focus 

group. Not surprisingly, some students arrived at the focus group jotting down responses 

before class began, while others had put much effort into the project and had many bullet 

points. However, when it came to the focus group discussion, all of the pre-service 

teachers had strong opinions on the museum-based class and methods courses in general. 

The focus group discussion lasted almost 75 minutes. The first three questions took up 

almost an hour, but the last two questions took only 15 minutes. This could have been 

127 



because the students were repeating information after the third question and felt that most 

of their reflections had been addressed in earlier questions. 

The data collection involved the transcripts of the answers to the written and oral 

discussion. Results were coded for themes as well as rich descriptions of students' 

perceived benefits of the museum-based course. Responses to the five questions 

corresponded to the study's research question, "How does a museum-based science 

methods course affect early childhood/elementary pre-service teachers' self-efficacy and 

ability to develop curriculum using a constructivist approach?" 

The Museum Context as a Place for Improving Pre-Service Science 

Teachers' Self-Eifzcacy 

The students in the methods course began the semester with various opinions 

about science as a subject, as well as their feelings about becoming an effective science 

teacher. Like findings from Enochs & Riggs ( 1990), most of the pre-service teachers had 

definite, negative pre-class attitudes about teaching science. Only one felt positive that he 

would do a good job teaching science, while one reported she would do okay. In 

discussing their improved self-efficacy at the end of the semester, the students reported 

that they found the context of the museum responsible for much of their improved 

confidence in their abilities to teach science and to create hands-on activities and 

materials. Student responses to the focus group question, "Overall, as a result of this 

museum-based methods class, do you feel more confident in your ability to effectively 

teach science than you did at the beginning of the semester?" reflected the pre-service 

teachers' improved self-efficacy about becoming science teachers. Their answers were 

varied, but insightful. Students used code names such as Lax, Janer, and Green for 
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researcher data on the STEBI-B, learning centers, written responses, and the focus group 

discussion. Many of the students reported that they were "way more confident" about 

teaching science because of the many ways they now had to present science concepts to 

their students. Cooperative learning, demonstration lessons, portfolios, resources for each 

strand, implementation of the processes of science as well as explorations based on the 

scientific method, and the investigations about the nature of science were all mentioned. 

One of the students, Lax, reported that she was "a lot more confident because I am not 

going to just teach from the hook. " Several students mentioned that before this class they 

were scared of teaching science or actually "hated" science, but now really liked the 

subject. One pre-service teacher who had previously hated science reported that she was 

"actually more excited about teaching science than any other course I have had methods 

courses in because I know what to teach and how to teach it" whereas another said, "/ 

now like science and the idea of exploring and discovering with my students. " Green 

concluded with "/am definitely a lot more confident in my ability to teach science 

because I've seen it done, and I've been forced to do it myself. And also I've watched 

everyone else do it, and I'm more excited. I think it will actually he fun because I have 

lots of ideas. " 

Not all students entered the course disliking science or feeling unsure about their 

ability to teach science. Two students expressed confidence in their ability to be effective 

science teachers from the beginning. However, they also felt the museum-based course 

added to their feelings of self-efficacy. Janer stated that she felt she was "actually going 

to he fine in teaching science" because she liked science, but just did not have this kind 

of approach to teaching science. She now believes she is going to enjoy teaching science 
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much more, and responded "it is going to he a whole lot more fun to teach science. " 

Eleazar added that although he felt confident in his ability to teach science, he now had 

"more ways to teach science because the class was more of a workshop. " 

How are these students informing teacher education? While students clued to 

different aspects of the class, they all referred to the setting out of the university and 

authentic experiences. They seem to be saying methods courses need to have a wide 

variety of activities with a variety of ways to go about teaching science. The students ' 

self-perceptions at the beginning of the course reflected a range of prior knowledge and 

experiences with science. One actually reported "hating science since birth" while others 

could not remember much about elementary science classes at all. Other students entered 

with more positive feelings about science teaching. As a result, the museum-based 

methods course experience affected some pre-service teachers' self-efficacy to a greater 

extent than others, but all students found the experience beneficial and recommended that 

the course be held at the museum in the coming semesters. 

The Museum Context as a Place for Hands-On Constructivist Learning 

Two of the researcher-designed focus group questions specifically probed the idea 

of constructivism as a method to teach children science. The first question addressed the 

issue of skills the pre-service teachers learned that prepared them to teach science using a 

constructivist approach, and the second question asked then to compare how the museum 

impacted their confidence in their ability to effectively create hands-on activities and 

materials. 

When addressing the idea of a "skill" that the students learned, the pre-service 

teachers felt that they were now skilled at not only being able to use or create activities 
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for their students, but more importantly that they were able to evaluate whether a learning 

center or activity was effective at being engaging, reinforcing, and meaningful. The pre

service teachers answered the questions in several ways. Several students specifically 

mentioned that they now felt skilled in specific teaching skills such as using discrepant 

events and giving ownership of conclusions to students in the form of making their own 

hypotheses. Others mentioned the skill of effective searching to locate resources to teach 

science. A section of the class was devoted to effective web sites for lesson ideas and 

plans, interactive web and video sites, sites where students could have their students pair 

with classes in other parts of the world to participate in science projects, sites for 

purchasing science materials and units, as well as NASA and other content sites. The 

students felt that being trained to evaluate materials and activities carried over to internet 

tools. 

Other students reflected on museum experiences that specifically addressed 

course topics such as evaluating exhibits and activities, presenting discrepant events, and 

using the scientific method. Doodle reflected, "/ think I Learned what was good and what 

was not so good, just by being at the museum and watching how the children were 

involved with things that interested them and when they were bored they jumped right to 

the next one." 

Becky continued, "/also wrote about how we learned to use discrepant events, 

but also how to allow students to develop their own explanations of what was happening 

and then to help them come to the right conclusions. " 

When discussing using the scientific method, Green explained: "/ Learned you 

have to allow time for students to make a hypothesis in order to reach them. They can 
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have a notion in their head of what they think will happen or might been taught 

something that might be wrong. Giving time to make hypotheses helps make things real to 

them and helps you clear up misconceptions. It helps kids going home and describing it 

and teaching it to someone else. It really means something to help them make hypotheses 

and test them themselves. " 

The students described how their specific experiences or observations in the 

museum helped their ability to recreate those experiences for their students. Being in the 

museum afforded them the opportunity to watch children interact with a "center" outside 

of school, a skill not typically learned in a university-based methods class. It was 

interesting to see how the pre-service teachers reacted to poor examples, either from 

watching teachers who brought their students to the museum and "turned them loose" or 

by watching poorly attended exhibits. They became ferocious evaluators of teachers who 

had "obviously not planned or given prior knowledge to their students" about how to 

obtain the most out of the museum experience. Exhibits with few directions, parts that did 

not work, or appeared to have no meaning were thoroughly critiqued. 

However, the positive aspects of the museum also served as a model for their 

future use. PBA reflected, "I think overall that we learned how to take any exhibit at the 

museum and pull out a 'hands-on minds-on' learning experience for the kids. It goes 

back to what others have said. Kids walk right on, they don't care about making 

meaning. They sometimes don't know what to do with the stuff, unless someone is 

standing there to help them develop." PBA was expressing an important tenant of quality 

teaching; it is up to the teacher to help students make connections between those concepts 

children learn in the classroom and what is meaningful to them in their lives. Lax 
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continued, "/was thinking about how every thing in the museum didn't appeal to 

everybody, so you have to have a variety of hands-on things that you do and teach." The 

observations of children manipulating museum exhibits emphasized the concept of 

transfer for the pre-service teachers. 

Africa mentioned a benefit unique to the museum context, object-centered teaching; 

the power of objects to engender discussion, questions, and problem solving. It involves 

items or activities that really can not be recreated effectively in the classroom because 

they contain those "wow" factors such as size, age, or complexity of design. Working 

with pre-service teachers, Leinhardt and Crowley (200 I) noted how interacting with these 

powerful objects (a burned-out bus from the civil rights era) created change in pre-service 

teachers' thinking about social studies. Other museum educators and researchers, such as 

Dr. Maritza MacDonald, from the American Museum of History Museum, focuses 

teacher instruction on learning in informal settings through the use of these authentic 

objects and processes to change minds and deepen understandings (MacDonald, personal 

communication, 2005). In this study, Africa reflected on the powerful objects concept, 

"One thing that hasn't been mentioned is the idea of bigger activities that we can't do in 

the classroom, like the planetarium and the kaleidoscope outside, or the ones we can't do 

like with the sound machines. The value of the planetarium is to see and experience about 

space. You can't do that in the classroom" 

In the focus group, the students continually emphasized the need for experiencing 

constructivist-based activities in the way in which they are expected to teach- to 

participate in learning how to present the activities, not to simply read or watch about 

how to teach science concepts. 
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The Museum Context as a Place for Applying Adult Learning Theory 

Adult learning theory postulates that when providing learning experiences for 

adults, facilitators must make the content relevant, address the goals of the learner, and be 

practical (Lieb, 1991 ). Perhaps this is why the pre-service teachers, ages 19 to 23, voiced 

confirmation that the museum context was an effective place to hold a science methods 

course. When discussing focus group question 3, "To what extent do you feel the 

museum-based experiences will be a relevant and practical help in developing your 

overall approach to teaching science? Do you recommend that the class be taught at the 

museum next semester? Why or why not?" the students responded with answers that 

would fall into the categories of relevance, practicality, and meeting needs in helping 

them become effective science teachers. Thirteen students responded that the context of 

the museum was beneficial or very beneficial. Only one had a slightly less enthusiastic 

attitude and said that she believed the experience was "somewhat helpful." All students in 

the study recommended holding future classes at the museum, although a few believed 

that some classes, when the museum was not utilized, could have been held on campus, 

and thus prevented the three-mile drive to the museum. The university is in a growth 

phase and finding parking on campus after the trip to the museum seemed to be more of 

an issue that the distance. This opinion was also voiced in the pilot study and the actual 

study purposefully utilized the museum resources a great deal more than the pilot study. 

In addition to pilot study activities (speakers from the museum staff, observing museum 

classroom teaching modules, and theater shows), the actual study incorporated special 

events (panning for jewels, dissecting a squid, splitting geodes, observing the inner 
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workings of a planetarium show, working with dichotomous keys, and planning and 

implementing a more structured exhibit facilitation experience). 

The students' discussion in the focus group validated the studies of Ramey

Gassert ( 1997), who found that informal science contexts provide students with "unique, 

engaging science learning opportunities and classroom teachers with a wealth of science 

teaching resources" (p. 433). The pre-service teachers voiced the relevance of the 

museum context because they got to see what worked in exhibits, social learning, and 

field trip planning. They recognized that the museum environment allowed them not only 

the opportunity to try activities that would have been impossible in a university setting, 

but also that they should provide alternative environments for their students. "We should 

do everything we can to get our kids out around the school." Marcella recognized the 

"great ideas we can bring to the classroom." Another student explained, "We were able 

to see experts in the field, how they taught science to kids because they have a lot more 

background knowledge than I do, and to learn techniques about how they question 

students and foster enthusiasm. Each time we went, we saw new things. " Another area of 

relevance was addressed by Janer who felt the main reason the museum experience was 

beneficial related to the variety of observation interactions, "We couldn't put our 

learning centers in a classroom where children were walking around to see how they 

reacted to them. But at the museum, we could see good and had exhibits by the 

interactions." Annecia continued this line of thinking, "It allowed us to see all ages 

interact in the museum, not just one grade like regular field experiences. Also, it has 

helped us to be able to plan effective field trips." 
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When comparing how this course was different from their other methods courses, 

the pre-service teachers complained that often methods courses were not constructivist

based. Instruction was more teacher-centered and assignments included outlining 

chapters or simply writing a Jesson plan. They felt their "experience" came only from 

teaching a lesson or two at the university, watching a cooperating teacher, and then 

teaching a few lessons themselves. In contrast, they felt this course allowed them to be 

much more involved with the elements of teaching on a daily basis. 

One of the reported benefits of the museum setting that appears to have led to 

improved self-efficacy and abilities to construct effective activities was the many 

interactions with constructivist philosophy and authentic experiences with children. Also 

using the STEBI-B, Watters and Ginns (2000) showed that the use of authentic learning 

environments, collaborative learning, and personal reflection, all elements of this study, 

increased pre-service science teachers' self-efficacy. They describe authentic experiences 

as problem-based learning, those experiences that simulate real-life pedagogical practices 

of diagnosis, planning and teaching. Daniels and Bizar ( 1998) include authentic 

experiences as one of six structures for best-practice classrooms and present an example 

of using pre-service teachers as docents in an art museum as a way of doing something 

real and meaningful. The students in this course reported their excitement when, as 

facilitators for exhibits, they were able to guide children toward meaning-making through 

questioning. 

In this study, the students felt that the museum-based activities were practical and 

useful for their future classrooms. "Everything you told us about hands-on activities you 

had us actually do. You didn't just say this is a good experiment, but we tried everything 
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- not just you can do X. Y, and Z because they are so cool, but we did them so we know 

how it works. We didn 't just list activities but did them, " Another student went a step 

farther and explored the idea of not just "hands-on" activities, but also "minds-on." 

Knowing why about the Nature of Science, how experiments work, being able to draw 

conclusions, and articulate understandings are the result of many authentic , hands-on, 

minds-on experiences. Daisy concluded, "Just to be able to determine what was most 

effective by our own experience was beneficial. " 

Conclusions 

This research study began with the question , "How does a museum-based science 

methods course affect early childhood/elementary pre-service teachers ' self-efficacy and 

ability to develop curriculum using a constructivist approach?" It looked at two specific 

areas of pre-service teacher education, self-efficacy beliefs about teaching science and 

knowledge of constructivist-based inquiry materials used to teach science. This study 

used the context of a local science museum, instead of the traditional university setting, to 

see if those beliefs and abilities to create curriculum, specifically learning centers, 

changed over the course of the semester. 

To answer the research question, quantitative and qualitative measures were used. 

Results from the Science Teaching Efficacy Beliefs Instrument (STEBI-B) showed that 

after the museum experience, the pre-service teachers ' personal science teaching efficacy 

(PSTE) mean rose 19.231 points while the students' science teaching outcome 

expectancy (STOE) mean rose 3.715 points, significant at the p<.Ollevel. The effect size 

for both subscales was found to be noteworthy, 1.79 (PSTE) and .794 (STOE). 
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To further understand the findings, Pearson correlations showed the number of 

science content classes (biology, earth science and physical science plus one lab) taken 

before the museum-based course did appear to have a positive correlation to the students' 

personal science teaching efficacy both before (.629) and after the museum experience 

(.590). However, the number of methods courses taken concurrently with the science 

methods course appeared to have had a strong negative correlation of -.540 with the 

PSTE. 

The learning centers assessment was divided into five categories as measured by 

the Framework for Assessing Excellence. It determined that all aspects of the 

Framework's aspects, other than Comfortable, showed significant improvement at either 

the .01 level except Overall Impression , or Consensus, which was .02. The post-projects 

received higher ratings on Engaging, Reinforcing, Meaningful, and Overall Impression. 

Thereby, students exhibited improvements in all these areas from the pre-project to the 

post-project. 

The data from these two instruments, the STEBI-B and the Framework for 

Assessing Excellence, indicated that the museum-based methods course did influence the 

pre-service teachers' self-efficacy and ability to create constructivist-based curriculum. 

However, these instruments were not designed to answer the question, "how?" The five 

researcher-designed questions, answered on paper, and then in a focus group discussion, 

indicated that all of the pre-service teachers felt the course was beneficial in increasing 

their self-confidence about becoming effective science teachers. Specific skills such as 

being able to create, implement, and evaluate activities and materials for constructivist

based science teaching were mentioned. In addition, students reported that they are now 
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excited about teaching science because of all the resources they either have or know how 

to create or locate. 

This study confirms other research that has been done on the impact of self

efficacy and teaching science. It showed that pre-service teachers being taught with the 

constructivist methods of inquiry and discovery improved their own learning and 

confidence in teaching. Like Bohning and Hale ( 1998); Jarrett ( 1999); Stalheim-Smith 

and Scharmann ( 1996); and Stoddard, Connell, Stofflett and Peck ( 1993), this study 

found that engaging pre-service teachers in inquiry and hands-on experiences resulted in 

an improvement in self-confidence. This increased confidence should influence their 

future science teaching. Data suggest that the museum-based methods course fulfilled one 

of the aims of pre-service teacher training as identified by Palmer (2001 ), it "cultivated a 

more positive self-efficacy by developing their confidence to teach science effectively" 

(p. 123). 

While not being able to say that it was only the context of the museum itself that 

created the improvement in pre-service teachers' self-efficacy and their ability to create 

constructivist-based learning centers, it was an important variable. The museum is a 

context where colleges of education can actually immerse pre-service teachers in 

constructivist learning, and according to the students, make a difference in their approach 

to teaching science. Even when considering the extra time it took to drive to and from the 

museum, the students enjoyed and learned from the alternate setting and opportunities for 

daily interaction with expert-designed exhibits and the observation of children in 

informal learning situations. In addition, the museum officials enjoyed working side by

side with the pre-service teachers. The project became a "win-win-win" for the pre-
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service teachers, the university, and the museum. The museum and the university have 

decided to continue the partnership in the coming years. 

Limitations of the Study 

This study centered on a methods course set at a local science museum, instead of 

the traditional university setting. It was an attempt to see if the course impacted two 

aspects of pre-service teachers' self-efficacy, personal science teaching efficacy (PSTE) 

and science teaching outcome expectancy (STOE). In addition, it investigated the 

students' abilities to create constructivist-based learning centers. The third area of inquiry 

looked at the students' opinions of the benefits of the study being set at the museum and 

how they felt the experience impacted abilities to be effective preschool/elementary 

science teachers. 

To measure the impact of the methods course, data were gathered pre- and post

class experiences. Two of the main threats to the internal validity of thi s study are history 

and maturation (Campbell & Stanley, 1963). History describes other educational 

activities that took place between the first, pre-museum measurement and the second, 

post-museum measurement. However, not all of those events or activities were museum

based. They participated in a field experience at a local elementary school, completed 

readings, designed and evaluated science projects, created resource packets and other 

class assignments. Therefore, it is impossible to state that it was the museum context 

alone that caused the scores on the Science Teaching Efficacy Belief Instrument-B, 

modified, to improve or that the improvement in the pre-service teachers' constructivist 

learning centers was due solely to working with and evaluating examples of effective 

exhibits in the museum. Maturation, becoming more experienced with pedagogy and 

140 



other education courses being taken that semester, would have added to their knowledge 

about teaching. Even so, in the focus group discussion, students did address the variable 

of the museum as an important piece in their increased confidence in their abilities to be 

effective science teachers. 

Another limitation to the conclusions of the study is based on the selection of the 

sample group. It contained the entire class of the Spring 2007 semester of EDU 4083 

Teaching Science in the Elementary School, but this course contained only 14 students. 

In addition, there was no other section of EDU 4083 running this semester in order to 

have a control group or random assignment. With such a small sample size and lack of 

randomization of the sample, it will be difficult to make generalizations to other 

populations. In addition, the students were basically homogenous, ages 19-23, all 

Caucasian with only one male. Experience with methods course experiences ranged from 

this being the first course taken to being the last course taken. 

In addition to the above limitations (small sample size, lack of randomization, 

history, and maturation) results could have been influenced by the Hawthorne effect, 

investigator bias and unstable instrumentation. The pre-service teachers did realize that 

they were taking part in a doctoral study; the possibility exists that they may have tried 

harder, both on the construction of the learning centers and in their responses to the 

written and focus group questions. Even though the final semester grades had been turned 

in before the focus group convened, the pre-service teachers may have over-emphasized 

the role of the museum in order to please the professor who also served as the principal 

researcher. 
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Another threat to the generalizability of the study could be researcher bias. Even 

though the STEBI-B and the Framework for Assessing ExceiJence produce quantifiable 

data, there exists the possibility that the analysis of the data was compromised due to the 

fact that that the researcher was highly invested in the success of the museum-based 

methods course. 

The professor's approach and design of the activities contained in the methods 

course could have impacted the results of the study. Class dynamics and pupil-professor 

interactions play an important part in students' feelings about successful classes. 

A limit to the findings also recognizes the lack of reliability or validity available 

for the five researcher-designed focus group questions. Even though the dissertation 

committee contributed to the design of the questions, there stiiJ exists the possibility for 

unstable instrumentation. 

Implications 

There are several plausible implications of this study. Traditional models for pre

service methods courses have been long on theory and short on practice. In order to feel 

self-confident about their ability to effectively teach science, students in this study 

expressed the need for more experiences than those gained from traditional, university 

classroom-based methods courses. Bandura ( 1997) discussed the necessity of self

efficacy in the development of resiliency, an important characteristic for beginning 

teachers. Being able to reflect and try again when confronted with an unsuccessful lesson 

is especiaiJy necessary for elementary science teachers . 

Comments such as "I'm afraid students will ask me a question I can't answer" 

and "I just don't know enough about science to teach it" were heard at the beginning of 
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the semester. Previous studies (Appleton & Kindt, 1999; Harlen & Holroyd, 1997) 

showed that attitudes such as these produced teachers who avoided teaching science or 

tended to teach it "straight from the book" with little inquiry or open-ended activities. 

Even with the addition of a field experience the students believed that the knowledge 

gained from interactions with that one public school classroom was not enough to 

produce high self-efficacy about their teaching science abilities. This study provides 

empirical evidence that placing the science methods course in a museum does, at least in 

part, increase that confidence about being effective science teachers. 

Implicationsfor Research 

While this study used a small, private university with only one classroom, it does 

open the door for other research questions using larger, more longitudinal studies. Mixed

methods studies drawing from qualitative and quantitative research about learning in 

museums and other informal learning venues, such as zoos and parks, need to be 

designed with pre-service teachers in mind. Gathering data about how pre-service 

teachers use these contexts to first gain knowledge about the content of the discipline of 

science and then how they use that knowledge when handling their own classrooms 

would provide empirical evidence as to the strength of alternative models for teacher 

education. Carrying the research further would be quantitative studies, which investigate 

how the students of these pre-service teachers compare with students of traditionally 

based methods courses. 

Borrowing from the design of museum studies, research surrounding how pre

service teachers gain science knowledge could be investigated. Falk and Storksdieck 

(2005b) studied 12 factors associated with learning in museums. This Contextual Model 
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framework could be the basis for work with pre-service teachers. This present study, 

along with others (e.g., Tosun, 2000), confirmed that greater science content knowledge 

is correlated with greater science self-efficacy. Are some of the 12 factors (motivation, 

prior knowledge, prior interests, choice and control, within-group social mediation, 

facilitated mediation, advance organizers, orientation to the physical space, architecture, 

and large-scale environments, design and labeling, subsequent reinforcing events) more 

important than others for pre-service teachers' self-efficacy? 

Studying the variables of solitary and group learning (Packer & Ballantyne, 2005) 

through observational and social interaction records, along with interviews after visits, 

could help students reflect about their own learning. This in turn may lead to greater 

personal insights, which would transfer to greater self-efficacy toward their science 

teaching. Mirroring Falk and Adelman's work (2003) with participant groupings could 

bring insight into how best to meet the needs of science pre-service teachers who are 

especially weak in science content knowledge. Studying knowledge gains of participants 

who are grouped into categories of weak, moderate and strong could lead to the need for 

differentiating instruction within methods courses, rather than the current "one size fits 

all." 

Implications for Practice 

Palmer (200 1) concluded that one of the main aims of pre-service training should 

be to "cultivate a more positive self-efficacy by developing their (pre-service teachers) 

confidence to teach science effectively" (p. 123). One of the most obvious, but often 

overlooked, areas for research and then implementation for change is using quantitative 

and qualitative data from pre-service teachers' comments in either well-designed course 
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evaluations or focus groups. University curriculum is often so embedded in committees 

that implementing change is a daunting challenge that few wish to tackle. However, steps 

need to be taken to ensure that colleges of education are not only gathering information 

about the effectiveness of courses in preparing pre-service teachers, from their point of 

view, but that there is a vehicle in place to modify methods courses based on what 

students say. Pre-service teachers' personal beliefs about their science teaching self

efficacy need to be a driving force in measuring whether methods courses are effective or 

not. For this investigation, permission was gained to implement a pilot study, analyze the 

comments of the participants, and then make changes to the course based on those 

suggestions. It is anticipated that subsequent semesters will further refine the content and 

context of the course. 

Implications for Teacher Education 

Implications for teacher education center around the structure of methods courses 

and the activities associated with them. Teacher education is charged with supplying the 

nation's classrooms with highly effective teachers. Methods courses are typically the pre

service teacher's main contact with "how to teach." However, the pre-service teachers 

felt that many methods courses did not actually give them practice in how to teach, but 

simply reviewed information about how to teach. Colleges of education must find a way 

to give pre-service teachers more opportunities to hone their teaching skills using 

authentic experiences, before the student teaching semester. 

A second finding suggests that teacher education concentrate on the self-efficacy 

of pre-service teachers, no matter what the content area. Several findings in the museum

based study appear to provide insight into students ' feelings of self-efficacy, specifically 
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about teaching science. Where they were once worried or scared about teaching science, 

they are now much more confident. Self-efficacy studies have been done in other content 

areas such as math and there are tools available for measuring self-efficacy in other areas, 

such as the "math version" of the STEBI, the Mathematics Teaching Efficacy Beliefs 

Instrument, the MTEBI (Enochs, Smith, & Huinker, 2000). To increase self-efficacy, 

teacher education needs to concentrate on making methods courses more relevant and 

meaningful for the students. In the study, the pre-service teachers stated that they felt the 

museum helped their self-efficacy about teaching science because they were able to 

observe and interact with positive and negative examples of learning activities and watch 

teacher interactions with students. They commented that they were able to see and do so 

much more than just watching each other teach in a university classroom. In turn, they 

felt prepared to teach science and were even excited about their chances to teach the 

subject in their own classrooms. 

Two other implications for methods courses come from the pre-service teachers. 

The first was the do-over assignment and the second was the resource portfolio. In final 

reflections, the students described how the opportunity to create the second learning 

center, after assimilating all the experiences from the course and using the Framework as 

an assessment tool, gave them a chance to not only show to the class how much they had 

grown, but to prove to themselves that they could produce effective materials. They felt 

the experience was so beneficial that they discussed using the technique with their 

students. The pre-service teachers also felt the most relevant resource for their future 

teaching was going to be the resource portfolio. Containing at least four inquiry-based 

activities for each of the Sunshine State Standards' strands, background and trade books 
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\ 
for each strand, relevant web sites, and learning center ideas, it related directly to what 

the students would need to teach science in Florida. However, it is not unique to teaching 

science in Florida and would be useful no matter where students actually teach. In 

addition to creating the portfolio, the students emphasized that it was not just having a 

collection of constructivist-based activities that made the difference, but it was the fact 

that they had tested and used many of the ideas that gave them the feeling that they are 

prepared to meet whatever challenges the classroom may present. 

These implications can be summarized into the category of more authentic or real 

world experiences. While the science museum would not be the appropriate context for 

every methods course, this study recommends that professors find other appropriate 

authentic sites for pre-service teachers to be immersed in experiences where they can 

evaluate and participate in constructivist activities themselves. For example, art methods 

courses could be housed at local art museums; social studies methods courses could be 

housed at local history museums. 

A final recommendation for teacher education is reflected in the data from the 

Pearson correlations between science content hours and self-efficacy. In a study on the 

beliefs of pre-service elementary students toward science and science teaching, Tosun 

(2000) cites Shrigley (1974) who found a low correlation between science content 

knowledge and teacher attitude or self-efficacy. However, Tosun found that descriptors 

used by study participants were overwhelmingly negative and suggested that these 

negative feelings overshadow achievement in science as an influence on science teaching 

self-efficacy. On the other hand, this study confirms Schoon and Boone's results (1998) 

that content knowledge does matter. They found that the students with greater numbers of 

147 



\ 
correct answers on a science content test correlated to higher self-efficacy while the 

present study found pre-service teachers with more science content classes felt they 

would be more successful in teaching science than those with fewer courses. This is 

somewhat alarming because the state of Florida is relaxing the number of science courses 

pre-service teachers are required to take for certification. It appears that colleges of 

education should re-think their outcomes before removing content science courses. 

Implications for Museum Education 

The recommendations for museum education are two fold. The first involves the 

specific university involved in the study. A large part of this study was the creation of a 

partnership between the college of education and the local science museum. The 

researcher and the director of education for the museum felt that both the pre-service 

teachers and museum would benefit from the partnership. While the students were able to 

participate in the experiences afforded by the museum during the semester, they were 

also learning about museum education and the benefits of it for their future students. As 

they were on the floor observing, they helped the museum by facilitating exhibits, both 

during the week and on week-ends. The hope is that they will continue to be involved 

with the museum themselves and then use it as a resource for their future classroom. 

Docents, the volunteer coordinator, and other museum staff reported how much they 

enjoyed having the enthusiasm and help of the pre-service teachers. The museum did 

request that the partnership continue. Permission has been granted for future semesters of 

EDU 4083 Teaching Science in the Elementary School to be placed at the museum. 

The second recommendation for the science museum would be to expand their 

partnerships beyond this specific university. Partnering with universities provides a 
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stakeholders' base that has gone largely untapped. The museum context for the semester 

was possible with this university because of the proximity of the two institutions. 

However, even a methods course block of five museum-based classes, would be 

beneficial for pre-service teachers from other universities. It may be possible for co

ordination of teaching responsibilities with the methods course professors and museum 

educators. 

While the museum used in this study is presently small, it is currently raising 

funds to move to a new site and plans have been drawn for expansion. Other large 

museums, such as the Indianapolis Children's Museum, have professors who are assigned 

to facilitate pre-service teachers ' use of the museum's resources . One day, it may be 

possible for this museum to have such a position that would coordinate experiences for 

university pre-service teachers and the museum. 

Suggestionsfor Future Research 

While this study explored the impact of a science museum-based methods course, 

learning in other informal contexts is a research strand that needs to be pursued. As an 

example, School in the Park (Pumpian, Fisher, & Wachowiak, 2006) is currently 

providing opportunities for New York's school children to experience the benefits of 

learning outside the classroom. What if pre-service teachers participated with classroom 

teachers in experiences such as these? Research using collaborative partnerships between 

zoos, children's museums, nature centers and colleges of education would provide 

valuable insight into alternative learning experiences for pre-service teachers and 

elementary school students. 

149 



In addition, the context of place presents an interesting area for future research 

about self-efficacy. Are informal learning centers places where content knowledge as 

well as pedagogical knowledge might be better learned by pre-service teachers? Would 

those students with less content knowledge benefit more from these informal contexts 

than those with less content knowledge? What if math methods courses were held at a 

museum? Would those also show changes in pre-service teachers' self-efficacy beliefs? 

More research needs to be conducted on other ways to improve pre-service teachers' self

efficacy about the subject matter they are going teach. Studies by Rennie and Williams 

(2006) investigated changes in how people think about science in their daily lives. In 

addition to the interactive science centers, they gathered pre-/post-data using parallel 

questionnaires from attendees at a series of public science-based lectures as well as a 

history museum. Would pre-service teachers also change the way they view science if 

exposed to types of science venues such as these? Should the context of the methods 

course be expanded to several locations? 

Another possible future study would be to look at the teaching strategies of these 

14 students when they have been teaching a few years. Will they still be using hands-on 

constructivist methods to teach science? Will this course have made a long-term change 

in their philosophy and actions about teaching science? Does immersing pre-service 

teachers in authentic learning methods courses lead them to use authentic learning 

strategies with their own students? 

A further area of research would be the replication of the study with a randomized 

sample and a control group. Would the research results be the same if large numbers of 
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pre-service teachers were in the methods courses, or does the small class size afford 

opportunities that larger universities cannot logically provide? 

Summary 

Methods courses are where students "learn to teach." It is intersection of 

pedagogy and content knowledge for pre-service teachers. In addition to helping students 

become proficient with that pedagogical content knowledge, it is imperative for teacher 

education programs to find effective ways to influence the personal science teaching 

efficacy beliefs and the science teaching outcome expectancies of pre-service teachers. 

This study explored one possible way. The context of this museum-based methods course 

did appear to impact early childhood/elementary students' self-efficacy and ability to 

create curriculum. By providing opportunities for interaction with authentic experiences, 

pre-service teachers increased their self-efficacy beliefs about their future science 

teaching. 

This chapter presented the summaries of the purpose and rationale for the study, 

procedures, and major findings of the statistical and qualitative analyses which addressed 

the research question, "How does a museum-based science methods course affect early 

childhood/elementary pre-service teachers' self-efficacy and ability to develop 

curriculum using a constructivist approach?" Second, it presented a discussion of 

conclusions and recommendations from the study, based on the findings obtained from 

these quantitative and qualitative analyses as well as the findings of other researchers. 

Finally, the limitations to the study and recommendations for future research were 

addressed. 
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EDU 4083 Demographic Information 

The following information is being gathered for research purposes only. Do not place 

your name or ID number on the form. Please complete and return to the front table after 

class. 

Your code name _____ _ 

1. University designation this semester ( 1 sr semester junior, etc.) _____ _ 

2. Total number of methods course hours completed before this semester __ 

3. Total number of methods course hours completed during this semester __ 

3. Total number of science hours competed before this semester ___ _ 

4. Your age ___ _ 

Methods Courses 

Teaching Art 2 

Teaching Music 2 

Teaching PE/Health 2 

Teaching Reading/Language Arts 3 

Teaching Mentally Handicapped 3 

Teaching Emotionally Handicapped 3 

Teaching Mathematics 3 

Teaching Social Studies 3 

Teaching Science 3 

Teaching Reading/Content 3 

ESOL Methods, Curr/ Assessment 3 
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Science Teaching Efficacy Belief Instrument 

STEBI-B (Enochs & Riggs, 1990, modified Bleicher, 2004) 

Name: ----------------------------

5 =STRONGLY AGREE 4 =AGREE 3 = UNCERTAIN 2 =DISAGREE 1 = 
STRONGLY DISAGREE 

SA A UN D SD 
When a student does better than usual in science, 

1. it is often because the teacher exerted a little 5 4 3 2 1 
extra effort. 

2. 
I will continually find better ways to teach 

5 4 3 2 1 
science. 

3. 
Even if I try very hard, I will not teach science as 

5 4 3 2 1 
well as I will most subjects . 
When the science grades of students improve, it 

4. is often due to their teacher having found a more 5 4 3 2 1 
effective teaching approach. 

5. 
I know the steps necessary to teach science 

5 4 3 2 1 
concepts effectively. 

6. 
I will not be very effective in monitoring science 

5 4 3 2 1 
experiments. 

7. If students are underachieving in science, it is 
5 4 3 2 1 

most likely due to ineffective science teaching. 

8. I will generally teach science ineffectively. 5 4 3 2 1 

9. 
The inadequacy of a student's science 

5 4 3 2 1 
background can be overcome by good teaching. 

10 The low science achievement of students cannot 
5 4 3 2 1 . generally be blamed on their teachers . 

11 
When a low-achieving child progresses in 
science, it is usually due to extra attention given 5 4 3 2 1 . 
by the teacher. 

12 I understand science concepts well enough to be 
5 4 3 2 1 . effective in teaching elementary science . 

13 Increased effort in science teaching produces 
5 4 3 2 1 . little change in students' science achievement. 

14 The teacher is generally responsible for the 
5 4 3 2 1 . achievement of students in science . 
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STEBI, continued (Enochs and Riggs, 1990, modified Bleicher, 2004) 

15 
Students' achievement in science is directly 
related to their teacher's effectiveness in science 5 4 3 2 1 . 
teaching. 

16 
If parents comment that their child is showing 
more interest in science, it is probably due to the 5 4 3 2 1 . 
child's teacher. 

17 I will find it difficult to explain to students why 
5 4 3 2 1 . science experiments work . 

18 I will typically be able to answer students' 
5 4 3 2 1 . science questions . 

19 I wonder if I will have the necessary skills to 
5 4 3 2 1 . teach science . 

20 Given a choice, I will not invite the principal to 
5 4 3 2 1 . evaluate my science teaching . 

21 
When a student has difficulty understanding a 
science concept, I will usually be at a loss as to 5 4 3 2 1 . 
how to help the student understand. 

22 When teaching science, I will usually welcome 
5 4 3 2 1 . student questions . 

23 I do not know what to do to turn students on to 
5 4 3 2 1 . science . 
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Assessing Excellence in Exhibitions from a Visitor-Centered Perspective 

Use this framewotll to talk with your peers about excellence 
and Improve your professklnal practice. 

0 
First Meeting 

Gather a te.1m of six to 10 museum prof~onals ¥1<1 meet for at least two houo to 
beocome familiar with the FrallleWOf1<. ¥1<1 to come to a common undentancflnR of 
proc~I.WfS ~ore ludthlt an exhibition . 

You will be rating and disciMillj an ellhibition retarding Its leYe4 of achievement for 
four diffl!f'ent Crttena. Is the exhibition: 

Comfortable? Eftllll,.l Re4nforclng? MNnlncful? 

1. Comfortable 

An excetlent extl1bltlon helps the visitor feet comfortable- physically and psycholoiically. 
Good comfort opens the door to other positive experiences. Lack of comfort prevents them. 

2. Engaging 

An excettent exhibition Is enaavlna for ~sltors. It entices them to pay attention. 
Engqement is the first step toward finding meaning. 

3. Reinforcing 

In an excellent exhibition, the exhibits provide visitors with abundant opportunitifS to be 
successf~ and to feet lntetlectually competent "beyond the.._. of eneaaernent. 
In addition , the eldliblts re'inforce each other, providint multiple me;1ns of accesslne Jtmilar 
bits of information that ace all part of a cohesive whole. Visitors ace conftdently on their way 
to having rneanintf~ ~"· 

4. Meaningful 

An excetlent exhibition provides personally retevant experiences for visitors. 8eyond being 
ensaeect ¥1<1 feetlna competent, visitors find thernsel~ chanted, cognitivety and affectively, 
in immediate and lont ·IMlfnl ways. 

Ratilljs are based on two different kinds of data: 

c.tl-ouh: your experiences in the eld'libitlon as a visitor 
Aspects: the evidence you fOUld that supported each Cr1tefion 

At the end of the first mft'tlng, ptck an exhibition to \'!Sit . 

Exhibition Title 

lnstillltlon 'll:g lnltlills 

Framework, continued 
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6 
Create Call-Outs 

Vi~ it the exhlbi!IOr'\ by your~H . Keep note~ about your expcncncc In the form of ~entcrKe~ w1th fcchng Yerb~ 
your thouqhts. feelings and respon~s as you experience the exhibition as a visitor. These are your Call-outs. 

Framework, continued 
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@ 
Assess the Aspects 
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0 
Rate the Criteria 

L~\'~11 Exc~ll~nt Co·)slstently ~od Aspecg 1.•\t. w1tl1 m,v1y extt•ile•ll l••';t 

Le\'el 2 Very Good Corm,tentl)' gr>:JC: A'pPct' i · ·,. '"''lth ""''•' fpw or 110 mi""'' 1- ·,I 

L~v~l 3 Good !.\f)S!Iv g.ooo111sp;·cts •• 'st. ~•lit w1tl'i sr..m(· mlSSf•S 1- ·q 

Level4 Acceptable II b.J : a11~e bl'IWl"C' r· il"'.>d 11',:-Jl' ' l ' ,,.,, ,,·.d •n·,,ed ll 'ped' •.-\ ), u• "tt•w ro -:>:e•'IIO!th·y t lnttg' 

Lt'\'E'l 5 Mi'>\t'S Opportunilit'S Most I~· m•swd t.sp.-.c~s 1-'s1. h11t thNt' m;ry hf' il fPw qooo IISprn' ,.·,, 

Le\'E'l 6 Counterproductive .... ml:)• wlt :k!t•d!lll~ 1 

U\t r'\~ th(' c·•• '- d(l'r'(l-. o' .,-o~ Jr (.1l l ·outs .~~ -~~ ~~ ~·Pot.'(fS '-''l ' tt· ,\ FVtttoll-:11f· fn1 ·ro• •. Jr r.ttt ·-,~ . 

1. Comfortable 

RiltiOI'illt': 

2. Ensagfng 

Rattonillf': 

3. Reinfordn 

4. Meanin ul 

Framework, continued 
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0 
Assessment Comparison Meeting 

Allow at least two hours for the follow-up meE"ttng. Start by recordmg e•·eryone's ratmgs in the chart below. 

Criteria Level Ratings Summary 

Judge's Initials ComfortablE' En11agfng Reinforcmg Meaningful 

2. 

3 

4 

5 

6 

7 

8 

9 . 

10. 

Any Strong Disagreements? 
Dhcu<>~ area~ of great~t di~agrC'{'mcnt among the rating~ abovl'. Why do you diS<Jgree! 

Recording Consensus 
Discuss. then llst, SPE'(ific features, experiencE's, or feeltngs about the exhibition 
both po~.itive an.d ~ative that you All a!lree on . 

1. 

2. 

3. 

4. 

5. 

Social Moderation 
AttN an the d•S(U~~ton~. dtd anyone w~nt to modtfy thl'tr ratings' If so. dlter th{o r.Jitngs •n tr\t' chart above. 

Congratulations! You are now an Excellent Judge! 

Thl~ prOJf'''( ~ .....,,,~ ')llpfNJr I rod in p.u 1 by r ,. ..... N.,t 101'\otl X lt'riC .~ f Ollll(t.tt ion. 

()p~nron-., expt't..'"'~Y."d .ur thO".c ot (h<• a-,,thor '\ Mld no~ rl("(f"~\.l1rtly th~(' of ttw fo.)...'ld~ltlon 

·: 2005 ldt (O<Ist Pr~s . Inc. Ali. "1ihts r~c-d. ltmtted cop·1•in~ tn mu-seum contc>ts for non com,...,r(i,,l py·po~ pcrmtltc<l . 
AI! other users st'oo..tld conta-ct the publ•s""r at www.LCO<JstPrc-ss com. 
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Focus Questions for Post-museum Experience Interviews 

1. What skills do you believe you have learned from this museum-based science 
methods course that will prepare you to teach science using a constructivist 
approach? How did you find this methods course different from other methods 
courses you have taken? 

2. How has the museum-based course enabled you to gain a better understanding 
about the creation of engaging and reinforcing learning centers and activities for 
your future students? 

3. To what extent do you feel the museum-based experiences will be a relevant 
and practical help in developing your overall approach to teaching science? Do 
you recommend that the class be taught at the museum next semester? Why or 
why not? 

4. Overall, as a result of this museum-based methods class, do you feel more 
confident in your ability to effectively teach science than you did at the beginning 
of the semester? Please explain. 

5. Overall, as a result of this museum-based methods class, do you feel more 
confident in your ability to effectively create hands-on activities and materials 
than you did at the beginning of the semester? Please explain. 

184 



Appendix E 

Permission Letters for the Study 

185 



t 

~ 
ttrPALM BEACH AI~ANTIC 
r~ N I V E R S I T Y 

P. 0. Box 24708 West Palm Beach, FL 33416 

September 29, 2006 

To Whom It May Concern: 

Chelly Templeton has discussed with me the intent and direction of her proposed 
dissertation research and I wholeheartedly endorse her proposed project. I think that it is 
exciting to partner the teaching of pre-service teachers with the local science museum! I 
look forward to seeing the results of her research. 

If you have any questions, or would like to discuss this with me, please email me at 
melise bunker@pba.edu or by mail at the address seen below. 

Sincerely, 

Jvlefise 'Bunker, 'Ed.'D. 

Melise Bunker, Ed.D. 
Dean, School of Education and Behavioral Studies 
Professor of Education 
561-803-2350 
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August 1 6, 2006 

To Members of the Florida Atlantic University IRB Committee, 

This letter is to confirm the collaboration between the College of Education and 
Behavioral Studies at Palm Beach Atlantic University and the South Florida Science 
Museum. 

We have met with Mrs. Chelly Templeton and approve her proposal to have her EDU 
4083 science methods course meet and use the Museum as a classroom and laboratory 
during the 2006-2007 school year. 

The Museum staff and administnstion are excited to be involved in her Florida Atlantic 
University dissertation research study, "How does a museum-based science methods 
course influence pre-service teachers' attitudes toward teaching constructivist science and 
their development of early childhood science curriculum?" 

We look forward to the pre-service teachers working and learning in the South Florida 
Science Museum. 

Director of Education 
South Florida Science Museum 

4801 Dreher Trail North • West Palm Beach, F1.3:l4()<;. .1099 • (561) 8.~2·19118 • Fax (561) 833-0551 • www.sfsm.org 
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E-mail for use of STEBI-B, Modified 

From: Bleicher, Bob [Bob.Bieicher@csuci.edu] 

Sent: Friday, March 17, 2006 3:24PM 

To: CHELL Y TEMPLETON 

Subject: RE: STEBI-B 

Attachments: Pre Bleicher 2004 modified STEBI B.doc 

Hello Chelly, 

STEBI-B, Modified attached. 

Please feel free to use it! Please feel free to discuss any issues or share findings as you 

discover them! 

What population and how many folks are you administering it to? 

Bob 
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E-mail for use of The Framework for Assessing Excellence 

From: Mitch Allen [leftcoastpress@sbcglobal.net] 

Sent: Monday, June 05, 2006 3:53 PM 

To: CHELLY TEMPLETON; Beverly Serrell 

Subject: Re: permission to use "Framework" 

The Framework was meant to be used. So please feel free to use it, provided you note the 

source in any publications from this research. 

Beverly might have some other suggestions for you, so I've copied her here. 

Good luck on your dissertation. 

mitch allen 
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CONSENT FORM 

Pre-service Teachers 

1) Title of Research Study: The Impact of a Museum-Based Science 
Methods Course on Early Childhood/Elementary Pre-service 
Teachers' Self-Efficacy and Ability to Develop Curriculum Using a 
Constructivist Approach 

2) lnvestigator(s): Principal Investigator: Chelneca K. Templeton, 
doctoral student, Florida Atlantic University; Dr. Gail Burnaford, 
Professor, Department of Teacher Education at Florida Atlantic 
University, Dissertation Advisor. 

3) Purpose: The purpose of the study is to examine if conducting the 
science methods course in the museum will impact your self-efficacy 
about teaching science and your ability to develop science curriculum. 

4) Procedures: I request that you participate in The Impact of a 
Museum-Based Science Methods Course on Early 
Childhood/Elementary Pre-service Teachers' Self-Efficacy and 
Ability to Develop Curriculum Using a Constructivist Approach 
Project. The study will be conducted during the Spring, 2007 
semester. The project is part of a doctoral study. 

As a participant I ask that you do the following: 
l. Complete a pre (class I) and post-museum experience 

(class 29) self-efficacy inventory to discover if your 
self-efficacy about teaching constructivist has changed 
from the beginning of the semester to the end. You will 
put a code name on your answer sheet to ensure 
anonymity and the scores will in no way affect your 
grade. The assessment tool is the Science Teachers' 
Self-Efficacy Inventory. It will take approximately 15 
minutes to complete. 

2. As a part of the requirements of the course, create two 
learning centers. One will be created at the beginning 
of the course (due class 4), before you attend classes in 
the museum and the other will be created near the end 
of the course (due week 29), after you attend classes in 
the museum. The centers will be evaluated for a grade 
by a class developed rubric. Your grade will be 
determined by the use of this class developed rubric. 
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For the study, the same learning centers will be 
evaluated by four, trained methods course professors 
who will not know which center was created before or 
after you attended classes at the museum. Your code 
name will be on the centers in order that the professors 
will not know which centers belong to you. This 
assessment will not be part of your grade in the class. 
The assessment tool used by the professors will be the 
Framework for Assessing Excellence. 

3. Complete a five question reflection survey about 
the science methods course being taught in the 
museum context. These researcher developed 
questions will take approximately 15 minutes to 
complete and will be due at the last class 
session (class 31 ). You may choose not to complete 
this reflection survey. The final exam will be given 
(class 30) and grades assigned before the reflection 
is due, insuring that your opinions will not 
influence your course grade. 

4. Participate in a researcher led focus group meeting with 
your classmates (class 31). Your written answers on the 
reflection survey will form the basis of the discussion. 
The meeting, lasting no longer than 75 minutes (the 
normal class period), will be audiotaped and transcribed. 
The final will be given and grades assigned before this 
focus group is convened, insuring that your opinions will 
not influence your course grade. 

5) Risks: I anticipate that the risk involved with participation in this 
project is minimal, no more than you would experience in normal pre
service methods courses. The only additional risk would be traveling 
to and from the science museum, a trip of approximately 3 miles. You 
will be responsible for your own transportation to and from the 
museum. 

6) Benefits: I anticipate that the potential benefits you may 
attain from participation in this research study include a 

Pre-service teachers' consent form (page 2) 

greater self-efficacy toward teaching science and ability to 
develop constructivist approach science curriculum. 

You may refuse to participate (meaning join the study) 
without penalty. Your course grade is in no way 
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impacted by your refusal or choice to participate. You 
may also withdraw from the study at any time. You 
will, however, as pm1 of the normal course 
requirements, still be required to complete the pre and 
post-museum experience learning centers, five course 
reflection questions, and focus group discussion. 

7) Data Collection & Storage: Your participation will be 
confidential when the research report is written; your name and any 
identification will not be made public without your written consent, 
unless required by law. Only the doctoral student, Chelneca 
Templeton and the dissertation advisor, Dr. Gail Burnaford will have 
access to the data. Your learning centers will be returned to you on 
the last class period (class 31 ). 

8) Contact Information: For related problems or questions regarding 
your rights as a participant, the Office of Sponsored Research at 
Florida Atlantic University can be contacted at (561) 297-2310. For 
other questions about the study, you should call the Dissertation 
Research Advisor, Dr. Gail Burnaford at (561) 297-2305 . 

(9) Consent Statement: I have read or had read to me the preceding 
information describing this study. All my questions have been 
answered to my satisfaction. I am 18 years of age of older and freely 
consent to participate. I understand that I am free to withdraw from 
the study at any time. I have received a copy of this consent form. 

Signature of Pre-service teacher: 
________________ Date: _____ _ 
Signature of Investigator: _______________ _ 
Date: _____ _ 

(Doctoral Student) 
Signature of Dissertation Research 
Advisor Date: 
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CONSENT FORM 

1) Title of Research Study: The Impact of a Museum-Based Science 
Methods Course on Early Childhood/ Elementary Pre-service 
Teachers' Self-Efficacy and Ability to Develop Curriculum Using a 
Constructivist Approach 

2) Investigator(s): Principal Investigator: Chelneca K. Templeton, 
doctoral student, Florida Atlantic University; Dr. Gail Burnaford, 
Professor, Department of Teacher Education at Florida Atlantic 
University, Dissertation Advisor. 

3) Purpose: The purpose of the study is to examine if conducting the 
science methods course in the museum will impact pre-service 
teachers' self-efficacy about teaching science and their ability to 
develop science learning centers. 

4) Procedures: I request that you participate in The Impact of a 
Museum-Based Science Methods Course on Early 
Childhood/Elementary Pre-service Teachers' Self-Efficacy and 
Ability to Develop Curriculum Using a Constructivist Approach 
Project. The study will be conducted during the Spring, 2007 
semester. The project is part of a doctoral study. 

As a participant in the project I ask that you do the following: 
1. Participate in a training session on the study instrument, 

The Framework for Assessing Excellence. The training 
will take place the first week of December, 2006. It 
will last approximately one hour. 

2. Evaluate the pre-service teachers ' pre and post-museum 
experience learning centers, without identifying 
information, using the protocol established by the 
Framework for Assessing Excellence. 

5) Risks: I anticipate that the risk involved with your participation in 
this project is minimal, no more than you would experience as a 
professor assessing student work as part of your teaching 
responsibilities. 

6) Benefits: I believe that the project will highlight how the museum 
context of a methods course can help pre-service teachers acquire a 
greater self-efficacy toward teaching science and can impact their 
ability to develop hands-on learning centers . 
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Learning Center Evaluators' Consent Form (pg. 2) 

7) Data Collection & Storage:. Your notes and evaluations, without 
identifying information, will be kept in a locked cabinet in room 118, 
Borbe Hall, Palm Beach Atlantic University, until May 5, 2008, and 
will be analyzed only by the doctoral student, Chelneca Templeton, 
and dissertation advisor, Dr. Gail Burnaford, unless required by law. 
On May 5, 2008 all data will be destroyed. 

8) Contact Information: For related problems or questions regarding 
your rights as a participant, the Office of Sponsored Research at 
Florida Atlantic University can be contacted at (561) 297-2310. For 
other questions about the study, you should call the Dissertation 
Research Advisor, Dr. Gail Burnaford at (561) 297-2305. 

(9) Consent Statement: I have read or had read to me the preceding 
information describing this study. All my questions have been 
answered to my satisfaction. I am 18 years of age of older and freely 
consent to participate. I understand that I am free to withdraw from 
the study at any time. I have received a copy of this consent form. 

Signature of Evaluator: 
___________________________________ Date: ______ _ 

Signature of Investigator: 

----------------------------------- Date: ________ _ 
(Doctoral Student) 

Signature of Dissertation Research Advisor _________________ Date: 
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PALM BEACH ATLANTIC UNIVERSITY 

SCHOOL OF EDUCATION AND BEHAVIORAL STUDIES 

Pilot Study 

Course Syllabus 

Teaching Science in the Elementary School 

EDU 4083-01 

3 Credit Hours 

Fall2006 

TTH 9:30-10:45 
Borbe 107 

S. Florida Science Museum 

In the beginning God created the heavens and the earth. 
Genesis 1:1 

Associate Professor Chelly Templeton 
e-mail: Chelly_Templeton@pba.edu 

Phone: 803-2353 SOE Secretary Peg Bell 561-803-2350 
Office: Barbe 1 18 

Office Hours: M by appointment; T-F 1:00-3:00 
South Florida Science Museum Phone: 561-832-1988 
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Syllabus EDU 4083 

Teaching Science in the Elementary School 

COURSE DESCRIPTION: 

Provides practice in the selection and use of methods and materials related to 
teaching science in the primary and elementary school. Field experience is included. 
Education majors only. 

TEXTBOOK: Martin, D. (2006). Elementary Science Methods a Constructivist 
Approach, tfh Edition. Belmont, CA: Thomson Wadsworth. 

Other Materials: Sunshine State Standards, download. Handouts supplied by 
professor. 

Learning Outcomes: 

In order to successfully complete the course the student wiJI: 

1. Broaden his science background through knowledge of science terms, 
principles, and concepts. (AP#8) 

2. Become familiar with the key operations of science. (AP#8) 

3. Develop appropriate skills, attitudes, appreciation and interest in teaching 
science. (AP#8) 

4. Describe the characteristics of the elementary school child and apply this 
knowledge to the teaching of elementary science.(AP#7) 

5. Examine learning theories of effective instruction and their implications for 
teaching science. (AP#7, 8) 

6. 6. Snow now the Sun':'>hme State Standards provide direction ~or stuc\ent 

learning of science content and processes. (AP#4, 7, 8) 

7. Identify objectives for the elementary science classroom. (AP#9) 

8. Organize content for the science curriculum. (AP#9, 8) 

9. Explore a variety of techniques and methodologies for teaching elementary 

science. (AP# 7, 8, 9, 10). 
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Syllabus EDU 4083, continued 

10. Construct daily lessons and learning centers to encourage discovery through 
investigation. (AP#8, 9, I 0) 

11. Review resources for selecting and ordering materials, supplies, and 
equipment for a science program. (AP#7, 8, 9, 10) 

12. Integrate science content with other subject areas. (AP#10) 

13. Establish guidelines for effective evaluation. (AP#l) 

14. Demonstrate basic safety guidelines. (AP#9) 

15. Become aware of community resources for teaching of science. (AP#10, II) 

16. Examine the role of faith in teaching science. (AP#5, 10, II, 8, 9) 

Measures of Outcomes 

1. Broaden his science background through knowledge of science terms, 
principles, and concepts. (AP#8); Final Exam Questions 

2. Become familiar with the key operations of science. (AP#8); Lesson 
Presentations; Choice of dates 

3. Develop appropriate skills and interest in teaching science. (AP#8); Learning 
Center and lesson presentations; Choice of dates 

4. Describe the characteristics of the elementary school child and apply this 
knowledge to the teaching of elementary science.(AP#7); Midterm Exam 
Question 

5. Examine learning theories of effective instruction and their implications for 
teaching science. (AP#7, 8); Midterm Exam Question 

6. Show how the Sunshine State Standards provide direction for student learning 
of science content and processes. (AP#4, 7, 8); Attached to Lesson Plan 
Assignments 

7. Identify objectives for the elementary science classroom. (AP#9); Midterm 
Exam Questions 

8. Organize content for the science curriculum (AP#9, 8); Midterm Exam 
Questions 
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Syllabus EDU 4083, continued 

9. Explore a variety of techniques and methodologies for teaching elementary 
science (AP# 7, 8, 9, 10); Learning Center and Resource Unit Assignment/ 
Portfolio Due Nov. 2. 

10. Construct daily lessons and learning centers to encourage discovery through 
investigation. (AP#8, 9, I 0); Learning Center and Resource Unit Assignment; 
First Learning Center Due Sept. 7; Final Learning Center Due Dec. 5 

11. Review resources for selecting and ordering materials, supplies, and 
equipment for a science program. (AP#7, 8, 9, I 0); Final Exam Questions 

12. Demonstrate basic safety guidelines. (AP#9); Observed in Cooperative and 
Demonstration Lessons 

13. Become aware of community resources for teaching of science. (AP#l 0, II) 
Museum-based class 

14. Examine the role of faith in teaching science. (AP#5, 10, II, 8, 9)-Science and 
Faith Paper; Due Oct. 26 

15. Be aware of the relevance of science to daily life. Science in the News 
Assignment;choice of dates 

Elementary Education K-6 Science Competencies Addressed in this Course 

18.2b Distinguish among the states of matter (solids, liquids, and gases); Strand A 
19.3 Apply knowledge of simple machines to solve problems involving work; 

Strand C 
20.2 Identify how fossils are formed and how fossils are used in interpreting the 

past and extrapolating to the future; Strand E 
20.6 Identify the movement of water in the water cycle, including types of 

precipitation and causes of Condensation; Strand E 
21.1 Identify the components of Earth's solar system and compare their individual 

characteristics Strand E 
22.1 Compare and contrast living and nonliving things Strand G/F 
23.4 Analyze various conservation methods and their effectiveness in relation to 

renewable and Nonrenewable natural resources; Strand G 
24.1 Demonstrate knowledge of basic science processes (e.g., observing, 

classifying, communicating, qualifying, inferring, and predicting); Strand H 
24.2 Apply knowledge of the integrated science processes of·manipulating 

variables, defining operationally, forming hypotheses, measuring (metric) and 
graphing , and interpreting data; Strand H 
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Syllabus EDU 4083, continued 

graphing , and interpreting data; Strand H 
24.3 Apply knowledge of inquiry approaches to learning science concepts; Strand H 
25.2 Identify the tools and techniques of science and technology used for data 

collection and problem solving; Strand H 

Requirements of the Course: 
•!• Complete an initial interactive learning center on the SSS strand of your choice; 

criteria developed in class (50 points); selected date 
•!• Participate in a Community Science Resource Site (Museum) field experience 

(observing visitors, shadowing a docent, facilitating inquiry with visitors); 
Minimum 5 visits 
l. complete 4 journal entries, reflection format provided; (40 points); 
2. create a museum activities packet with background information and 

concept map about the exhibit, 3 activities (pre- museum activity, during 
museum visit activity, and post visit activity) ; criteria provided (125 
points); Due Nov. 14 

•!• Create a Resource Unit based on a chosen science strand: included should be: 
l. a creative "hook" 
2. a content web (constructed with Inspiration) 
3. 4 literature books (2 fiction and 2 non-fiction with summaries 
4. 3 science lesson plans including one hands-on "AIMS-style" presentation, 

a demonstration activity, and a concept development lesson (PBA lesson 
plan with ESOL modifications included).criteria provided 

5. copies to be provided for the class. ( 100 points); criteria sheet provided; 
Selected date 

•!• Complete a Field Experience in a formal setting (elementary school); Minimum 
of 5 visits 

I. complete a journal reflection for each visit, reflection format provided ( 40 
points) 

2. present 2 hands-on lessons, complete with lesson plans (20 points ea.) 
PBA Field Experience Observation Form as criteria; observation by 
professor (55 points); Due Dec. 7 

•!• Create an Activity Portfolio: Locate or Create 8 Cooperative Learning Activities 
(one per strand); and 8 Demonstration Lessons (one per strand); format template 
provided (90 points); Due Nov. 2 

•!• Investigate a current topic where faith and science seem to conflict or on the life 
and accomplishments of a Christian scientist. Research then write a 3 page APA 
format paper using a minimum of 3 sources. Lead a discussion based on your 
research paper. Be prepared to lead a class discussion. Criteria provided ( l 00 
points); Due Oct 26 

•!• Create a final learning center. Criteria to be provided (50 points): Due Dec. 5 
•!• Successfully pass the mid-term and final (I 00 points each) 
•!• Present a current event (Science in the News). Summarize in half a page the 

event. Then, give your reasons why you believe this event is important. 
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Aug. 29 

Aug. 31 

SeptS 

Syllabus EDU 4083, continued 

Attach the newspaper (or downloaded) story. 
Criteria provided. Selected date (25 points); Selected date 

EDU 4083 
Teaching Science in the Elementary School 

Tentative Schedule with the University and the Science Museum 

Who are We and Why are We Here?" Chapters 1, 2 
Introduction to Class and Teaching Science, (El K-12 

24.1,24.2) Syllabus, Textbook, NOS, Messing Around 
in Science Scientific Method; Portfolio due Nov. 2 
STEBI; CK, PK, PCK Processes of Sciencing/Science 
Understanding: Assignment: Download SSS and 
"Guts" of portfolio, Read chapter 3 (three 
questions/three observations) Purchase Science 
Notebook; Learning Center due Sept 5 

The Processes of Science, Chapter 3 
Ways to Teach Science- Content Knowledge/Learning 
In Places (EI K-12 24.3, 25.2) 
Strand H 
Sign up for strand and science in the news. How do we 
teach the content? 
Predicting/peanut; Water on Pennies 
Observations and Questions, PBA Lesson Plan, Aims 
Activities: Reasoning, Using a science notebook and 
SSS Facts, Concepts, Principles, Theories, Models 
*Assignment Learning Center due Sept 7, Read 
Chapter 4 

How Children Construct Science, (Constructivism) 
Chapter 4 
Theories supporting science teaching/Learning in 
Museums-observing, Hypothesizing, testing, 
concluding, reflecting. Write it down! 
Observations and Questions; Science in the News. 
Concept Maps, (Deductive Learning) chapter 11; 
Disequilibrium-Sink and Float; Discrepant Events 
(Inductive Learning) 
Example: Demonstration and Cooperative Learning 
Lessons (AIMS) 

Syllabus EDU 4083, continued 
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Sept 7 

Sept12 

Sept. 14 

Sept. 19 

Details of Resource Unit 
Assignment: Create a Concept Map to use with your strand 
and Learning Center; Read Chapter 5 (three questions/three 
observations); 

Teaching Science in the Elementary Classroom
Sunshine State Standards, Chapter 5, Inquiry 

Observations and Questions: Science in the News 
Share Learning Centers 
Science and Faith-Contradictions? Assignment due Oct. 
26; Field Experience data. 

Inquiry 
Experiential Learning-Science Based 
Subjects/Challenging The Classroom Standard through 
Museum-Based Education 
Observations and Questions, Introduction to and Tour 
Of Museum 
Assignment: Explore on your own to find evidences of 
Each SSS Strand, Journal Reflection 
Identify exhibits that fit your strand. Read Chapter 9 
(three questions/three observations); Science in the 
News 

Interdisciplinary Approaches, Chapter 9 
Science throughout the Curriculum/Learning from 

Powerful Objects 
How can we use modify these for classroom use? Bruner 
and Discovery Learning; Science in the News 
*Assignment: Find Powerful Objects that relate to your 

strand; Journal Question: How does what we have 
learned in the Museum setting relate to teaching in a 
classroom? Thematic Instruction, Observations and 
Questions 
*Assignment: Locate 2 Fiction and 2 Non-Fiction 
books for your strand (check out or buy); write a short 
summary of the contents, tell what age group they 
would be beneficial for, and how you would use the 
books (due with presentation) 

Sociocultural learning, Vygotsky 
Facilitating informal/earning, visitor conversations and 
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Sept. 21 

Sept. 26 

Sept. 28 

Oct. 3 

Oct. 5 

Oct. 10 

Oct. 12 

Oct. 17 

Oct. 19 

Oct. 24 

Oct. 26 

Oct. 31 

Nov.2 

Syllabus EDU 4083, continued 

learning in groups; docent training; Science in the News 

Teaching Science in the Primary Classroom
Standards and Assessments; Using a text-book; Project 
Approach 

Exhibit labels; Judging Exhibitions-What does this 
have to do with the classroom? 

Evaluation of science activities and your philosophy of 
structuring science environments for children; Science 
in the News 

Strand A & B Presentations (EL K-6 18.2b, 19.3, 
19.9) 

Strand C & D Presentations (El K-6 20.2, 20.6 

Stand E & F Presentations (El K -6 21.1, 22. 1) 

Strand G & H Presentations (El K-6 23.4) 

Review for Midterm; Science in the News 
Classroom Activities that mirror museum exhibits 

Mid term (strands) 

Attend a Museum Lesson Presentation and 
Demonstration Extending Strand Concepts. 
Observe classroom learning in the museum 

Participate in a Museum Lesson Presentation 
Help facilitate a museum lesson presentation 

Science and Faith Presentations Due 

Shadow a Docent; Science in the News 
Open ended questioning; what do children want to 
know? How do they answer their own questions? 

Portfolio Due: Drop off At PBA Office; Facilitate 
An Exhibit 

How do children make meaning from this exhibit? 
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Nov. 7 

Nov. 9 

Nov. 14 

Nov.16 

Nov. 21 

Nov. 23 

Nov. 28 

Nov. 30 

Dec. 5 

Dec. 7 

Dec. 13 

Syllabus EDU 4083, continued 

Facilitate an Exhibit 
How is the exhibit set-up? How is it helpful for 
exploration? 

How does this relate to classroom structure? 

Facilitate an Exhibit 
What did children know about the background concepts 
of this exhibit before they came? What did they need to 
know? How should they know it? How does this relate 
to classroom subject matter knowledge? 

Museum Activity Presentations 
(Concept map, Exhibit background, 3 Activities, 
Literature Tie-in) Reflection: Have you improved from the 

first strand activity? 

Museum Activity Presentations 

Debrief Museum Experiences 
Pulling it all together 
Science in the News 

No Class, Thanksgiving 

Classroom FE 

Classroom FE 

Final Learning Center Due/Debrief FE 
Comparisons, evaluations 

Final 
Safety in the classroom/ Using a fire extinguisher 
Focus Group Questions Handed Out 

Focus Group 
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Course Evaluation 

Requirements 

Initial Learning Center 

Field Experience (Informal) 
SSS Strand Pre, During and Post Visit Activities; 
Background about exhibit, Learning Center, literature tie-in 
Field Experience Journal (4 entries) 

Resource Unit for Strand 
Hook for Unit (do it) 
Concept map of strand information 
(1) Cooperative Activity/Presented 
( 1) Demonstration Activity/explained 
(I) Concept Activity/Presented 
(4) Literature Books (2 fiction, 2 non-fiction, summaries) 

Field Experience (Formal) Teach 2 Lessons 
Field Experience Journal (4 entries) 
(2) Lesson Plan Write-ups Developed with Teacher 
Presentation of Lesson (observation by professor) 

Organization of Portfolio 
Portfolio Organization 
8 Demonstration Lessons (I per strand) 
8 Cooperative Learning Lessons ( 1 per strand) 

Science and Faith Presentation (3 pgs./3 APA Sources) 

Science in the News 

Mid-Term Exam 

Final Exam 

207 

Point Value 

50 

165 

125 
40 

100 
10 
20 
25 
10 
25 
10 

115 
40 
20 
55 

90 
10 
40 
40 

100 

25 

100 

100 



Syllabus EDU 4083, continued 

Total 845 

Grading Scale 

769-845 A 
684-768 B 
560-683 c 
515-559 D 

ATTENDANCE 
Regular attendance is mandatory and expected. Grades will be lowered for unexcused 
absences, and students are responsible for information and assignments missed. Students 
who exceed three absences (including ones due to tardies) will have their final grade 
lowered for each additional absence. In addition, absences will require extra work that 
relates to the topic missed. 
IMPORTANT! Three tardies equal one unexcused absence; three times of leaving class 
early equal one unexcused absence. Arrival more than five minutes late or departure more 
than five minutes early will allow instructor to determine a tardy or an absence. 

LATE AND/OR MISSED ASSIGNMENTS AND/OR EXAMS 

All assignments are due, as noted on course outline, unless otherwise announced in class. 
All assigned work must be word-processed. All reading assignments are to be completed 
prior to assigned class time. 

Assignments not completed on time will reflect a lowered grade. Extra credit work is not 
accepted. A minimum of one letter grade will be deducted from the grade for each day 
that a paper/report is late. If a student misses class on day an assignment is due, he or she 
must still turn in the assignment no later than the regular class meeting time to receive 
possible full credit for the assignment. 
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PBA POLICIES 

Academic Dishonesty 

The faculty and administration of the University regard academic dishonesty as an 
extremely serious academic offense. The Council of Deans and the University 
Assembly have adopted a policy to afford guidance to faculty dealing with instances 
of academic dishonesty. Academic dishonesty is defined as intentionally 
misrepresenting all or part of someone else's work as one's own work or assisting 
another to do the same. Academic dishonesty includes (but is not limited to) 
cheating, plagiarism, fabrication or submitting the same work to meet requirements 
for two or more classes without the permission of all professors involved. 

Since Academic Dishonesty is related to a student's class work, the appropriate response 
is vested in the professor or an academic administrator, as follows: 

1. For academic dishonesty within a class: a failing grade on the work in 
progress; for flagrant cheating after warning: a failing grade in the course. 

2. For academic dishonesty representing plagiarism on a paper or project 
completed outside of class: a failing grade on the paper or project; repeated 
instances of plagiarism after warning: a failing grade in the class. 

3. For flagrant academic dishonesty: expulsion from the University by the 
Provost upon recommendation of the faculty member involved and a 
verification of the circumstances by the Dean(s) of the School(s) involved. 
In any case of academic dishonesty, a student ' s disagreement over a 
professor's handling of the incident will be regarded as an academic 
complaint and handled in accordance with the procedures for academic 
complaints. 

Dress Code: 
Please remember that the Education Department has a "No Hat" policy. Hats are not to be 
worn in the building at anytime. IT IS SUGGESTED THAT STUDENTS MAJORING IN 
EDUCATION SHOULD NOT WEAR HATS IN ANY BUILDING AT ANY TIME. 
Refer to the Navigator for specific details. Please refer to the Navigator for specific 
school-wide policies. 

ADA Statement: 
"Palm Beach Atlantic University seeks to maintain a supportive academic environment 
for students with disabilities. To ensure the equal access to all educational programs, 
activities and services, Federal law requires that students 
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requesting accommodations notify the University and provide clinical documentation. 
Please contact the Student Success Center located on the 2nd floor of the Lassiter Student 
Center or call 561-803-2663 to schedule an appointment with the Disability Services 
Coordinator" 

Fingerprinting- EDU I 00 l 
Students must be fingerprinted by the Palm Beach County School District prior to 
enrolling in any Field Experience courses. Students must produce documentation of 
clearance to Field Experience Course Instructor. (photocopy of PB Co. School Badge) 

FTCE Statement: 
Education Majors please Note: FfCE Exam information: General Knowledge (GK) 
must be passed before applying for First Screening. The Professional Educator (PEd) and 
Subject Area tests (SAE) must be passed before applying for Second Screening. It is your 
responsibility to check application deadlines. 

GK, FTCE PEd, SAE (1), SAE are assigned to the following courses 
SAE (2) taken before graduation for state approved/certifiable 

I. 1001/5003 GK 
2. 3073/ 5053 EE K-6 
3. 4903 ESE 
4. 4xx3 Secondary SAE 
5. 2133/ application 3063 PEd 

APA Style: 

Written work in this course must be prepared according to APA style. Major aspects of 
APA style include parenthetical references, references list, headings, usage, formatting, 
and electronic sources. If a student is using APA style for first time, he or she may wish 
to purchase Publication Manual from an academic bookstore, or visit 
http://www .apastyle.org/ 

Written assignments must be submitted in manuscript form. Disks will not be accepted 
unless specially authorized by professor. Any weaknesses in writing skills may be 
addressed with individual students and revisions of some assignments required. 

Teacher Education Handbook: Refer to TEC handbook for First and Second Screening 
criteria as well as other Education department requirements. 
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eacher Competencies: 

Syllabus EDU 4083, continued 

The Palm Beach Atlantic University 
Teacher Education Instructional 

Model of Excellence 

• Christian Principles 
• Knowledge of Learning and Teaching 
• Knowledge of Subject Matter Content 
• Teaching Skills 
• Attitudes That Promote Learning 

Teacher Strategies: 
• Building Block to Effective Teaching 

GOOD 
PLANNING 

EFFECTIVE 
IMPLEMENTATION 

Syllabus EDU 4083, continued 

CONTINUOUS 
ASSESSMENT 

and FOLLOW-UP 

FEEDBACK 
FROM 

CONSTITUENTS 

The PBAU Teacher Education Model of Excellence is based on professional literature 
and research, collective faculty experiences, the institutional mission statement an 

Florida Accomplished Practices 
(Benchmarks for Pre-professional Educators) 

• AP 1: Assessment- Pre-professional Benchmark: pre-professional teacher (PPT) 
collects and uses data gathered from a variety of sources. These sources will include 
both traditional and alternate assessment strategies. Furthermore, teacher can identify 
and match students' instructional plan with their cognitive, social, linguistic, cultural, 
emotional, and physical needs. 
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• AP 2: Communication - Pre-professional Benchmark: PPT recognizes need for 
effective communication in classroom and is in process of acquiring techniques that 
she/he will use in classroom. 

• AP 3: Continuous Improvement- Pre-professional Benchmark: PPT realizes that 
she/he is in initial stages of a life-long learning process and that self-reflection is one 
of key components of that process. While her/his concentrations (inward and 
personal, role of colleagues and school-based improvement activities) increase as 
time passes. Teacher's continued professional improvement is characterized by self
reflection, work with immediate colleagues and teammates, and meeting goals of a 
personal professional development plan. 

• AP 4: Critical Thinking- Pre-professional Benchmark: PPT is acquiring 
performance assessment techniques and strategies that measure higher order thinking 
skills in students and is building a repertoire of realistic projects and problem solving 
activities designed to assist all students in demonstrating their ability to think 
creatively. 

• AP 5: Diversity- Pre-professional Benchmark: PPT establishes a comfortable 
environment that accepts and fosters diversity. Teacher must demonstrate knowledge 
and awareness of varied cultures and linguistic backgrounds. Teacher creates a 
climate of openness, inquiry, and support by practicing such strategies as acceptance, 
tolerance, resolution, and mediation. 

• AP 6: Ethics- Accomplished and Pre-professional: Adheres to Code of Ethics and 
Principles of Professional Conduct of Education in Florida. 

• AP 7: Human Development and Learning- Pre-professional Benchmark: Drawing 
upon well-established human development/learning theories and variety of 
information about students, PPT plans instructional activities. 

• AP 8: Knowledge of Subject Matter- Pre-professional Benchmark: PPT has a basic 
understanding of subject matter and is beginning to understand that subject is linked 
to other disciplines and can be applied to real-world integrated settings. Teacher's 
repertoire of teaching skills includes a variety of means to assist student acquisition of 
new knowledge and skills using that knowledge. 

• AP 9: Learning Environments - Pre-professional Benchmark: PPT understands 
importance of setting up effective learning environments and has techniques and 
strategies to do so, including some that provide opportunities for student input into 
processes. Teacher understands that she/he will need a variety of techniques and is 
working to increase her/his knowledge and skills. 

• AP 10: Planning - Pre-professional Benchmark: PPT recognizes importance of 
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setting high expectations for all students, and works with other professionals to 
design learning experiences that meet students' needs and interests. Teacher 
candidate continually seeks advice/ information from appropriate resources, interprets 
information, and modifies her/his plans appropriately. Planned instruction will 
incorporate a creative environment, utilize varied motivational strategies and multiple 
resources and provide comprehensible instruction for all students. Upon reflection, 
teacher continuously refines outcome assessment and learning experiences. 

• AP II: Role of Teacher- Pre-professional Benchmark: PPT communicates and 
works cooperatively with families and colleagues to improve educational experiences 
at school. 

• AP 12: Technology - Pre-professional Benchmark: PPT uses technology available 
at school site as appropriate to learner. She/he provides student objectives, 
oppottunities to actively use technology, and facilitates access to use of electronic 
resources. Teacher also uses technology to manage, evaluate, and improve 
instruction. 
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Syllabus EDU 4083, continued 

AP Matrix Accomplished Practices Required Evidences 
A t 2006 ugus 

Accomplished Evidence A Evidence B Evidence C 
Practice Number (Course Number and (Course Number and (Course Number and 

Product) Product) Product) 
1 Assessment EDU 3173 EDU 3173 EDU 4042/43XXO 

Develop traditi onal Create affec ti ve domain (Student Teaching) 
assessment test (se lection survey instrument Culminating assessment of 
and supply-type items) uni t by CT with US 

2 Communication UST 2153/COM EDU 3173 EDU 4042/43XXO 
C or better in Public Parent letter explaining (Student Teaching) 
Speaking results from student Two parent newsletters 

assessment detailing classroom 
happenings 
(post newsletter) 

3 Continuous EDU 2133/430XX First Screening EDU4042/43XXO 
Improvement Philosophy of Education Student Professional (Student Teaching) 

paper Development Plan Formative/Summat ive 
OBS/CHKLIST by CT, US, 
and ST; Final FEAPS -
assessing mastery of the 
APs 

4 Critical Thinking EDU 2133 EDU 3173 EDU4042/43XXO 
Student-created critical Design alternate (Student Teaching) 
thinking activities based performance rubric of a Problem solving ac t.i vities 
on Bloom' s Taxonomy critical thinking skill. utilized to encourage 

students' higher order 
thinking skill s. 
(post I retlecti ve log and 
unit ) 

5 Diversity EDU 2133 EDU 4273 (secondary) EDU4042/43XXO 
ESOL paper EDU 4303 (Student Teaching) 

(elementary) Rubric for ESOL 
ESOL Post-test competencies completed by 

CT with US 
(post I retlecti ve log and I 
lesson plan with ESOL 
accommodations) 

6 Ethics EDU 3063 EDU 3063 EDU4042/43XXO 
Test over Florida Code of Analysis/ application of (Student Teaching) 
Ethics classroom scenarios Ethics rubric completed by 

regarding ethics CT wi th US 
7 Human Developmen EDU 2133 EDU 3173 EDU4042/43XXO 

and Learning Poster session of a Create lesson plans (Student Teaching) 
theorist applied to appropriate for grade Rubric for assess ing 
education level/subject matter developmental 

appropriateness of activities 
completed by CT with US 

8 Knowledge of Second Screening EDU 4042 EDU4042/43XXO 
Subject Matter Application Passing score on the (Student Teaching) 

GPA in General General Knowledge Knowledge of subject-
Education courses Test and student' s matter rubric completed by 

Subject Area Exam CTwith US 
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9 Learning EDU 3063 EDU 3063 EDU4042/43XXO 
Environment Classroom Management Classroom (Student Teaching) 

Research paper Management Plan (the Classroom environment 
(the learning environment physical application of rubric completed by CT 
and how it affects student classroom management with US 
learning) principles to a 

classroom management 
pJan) 

10 Planning EDU 4273 (secondary) EDU4042/43XXO EDU4042/43XXO (Student 
EDU 4303 (elementary) (Student Teaching) Teaching) 
Multicultural lesson and Field trip planning Rubric on daily lesson plans 
lesson plan guide completed by CT completed by the CT with 

with US us 
(post :1 different sample 
lesson plans) 

11 Role of the EDU 3063 EDU 3063 EDU4042/43XXO (Student 
Teacher Rubric assessing letters: Traditional test on overt Teaching) 

-Parent letter in signs of child abuse Rubric assessing School 
Classroom Management Improvement Plan /School 
Plan Advisory Council activity 
-Administrator letter in (post SIP and SAC 
Classroom Management summaries) 
plan 

12 Technology EDU 2001 EDU4042/43XXO EDU4042/43XXO 
-set up mock electronic (Student Teaching) (Student Teaching) 
grade book Student creates activity Student incorporates 

requiring use of the Ed technology into a planned 
Line lesson observed by the 

cooperating teacher 
(post sample Tech Lesson 
Plan) 

PBA Mission statement 
PURPOSE 

Palm Beach Atlantic University is a Christian university that equips students to lea 
fulfilling lives through learning, leadership and service. 

VISION 
The vision for Palm Beach Atlantic University is to be a premier Christian university, 
whose graduates are intellectually prepared, possess high moral character, demonstrate 
outstanding citizen ship, and are servant leaders in their communities, the nation and the 
world. 

MISSION 
The mission of Palm Beach Atlantic University is to prepare students for lifelong 
learning and leadership by offering excellent undergraduate, graduate and professional 
programs of study. Palm Beach Atlantic University is a private, independent university 
dedicated to the intentional integration of Christian principles. As a community of 
learners, the university provides students with a rigorous educational environment that 
leads to intellectual, spiritual and personal character development. 
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VALUES 
Accountability 

Excellence 
Integrity 

Love 
Respect 
Unity 

School of Education Purpose and Philosophy 

PURPOSE 
The School of Education and Behavioral Studies supports the mission of Palm Beach 

Atlantic University by preparing its graduates to serve in the areas of education, athletic 
training, psychology, counseling and sociology. Motivated by a desire for students to 
obtain a comprehensive understanding of their major, faculty members: 

1. design curricula to provide theoretical and practical experiences; 
2. present a wide array of concepts within a students chosen field of 

study; and 
3. assess student progress through a variety of methods. 

The faculty and staff of the School of Education and Behavioral Studies serve in 
accordance with and provide a Christian perspective on the Guiding Principles of the 
University as stated in the second paragraph of the "Guiding Principles" of the PBA 
catalog. 

PHILOSOPHY 
The School of Education relegates a high priority to providing opportunities for students 
who demonstrate an interest in teaching. Candidates must meet the selective academic 
criteria as well as being spiritually motivated in the Christian tradition to serve their 
community. Classroom instruction is augmented by clinical experiences. Satisfactory 
progress in student-monitored development culminates in a highly successful student 
teaching experience. 

PROGRAM OBJECTIVES 

1. To sustain the continual development of Christian responsibility by 
monitoring attendance requirements at chapel and fulfillment of Workship 
requirements. 

2. To maintain standards of accelerated scholarship throughout program 
matriculation (GPA 2.5 for admittance, 2.75 for internship and 3.0 in major 
curriculum). 

3. To maintain and revise curriculum to meet national, state, and local standards 
along with accreditation criteria (SACS). 

4. To monitor student growth via the Level I to 6 progression criteria by 
providing classroom and field experiences via the Teacher Education 
Committee. 
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5. To track the development of the student teacher towards becoming a 
competent decision maker thereby successfully culminating the student 
internship. 

6. To provide collective data concerning employment placement and follow-up 
evaluation. 

Portfolio Organization 

Title Page 

Index 

Syllabus 

Sunshine State Standards 

Tabs for each of the following sections 

Tabs 1-8: 
8 Strands (each is to have its own section); Label the Demonstration and Cooperative 
Activities; Place your activitiesfirst then included the web, background ,learning center 
idea and bulletin board idea along with any class handouts thatfit the strand. 

Tab 9: Resource Unit for Strand; Hook, web, background ,4 literature books with 
summaries, 2 cooperative activities, 2 demonstration activities, concept activity, 2 
learning centers (createdfor presentation, directions and patterns in packet), packet 
copied for class. 

Tab 10: Museum Activities Packet: Pre, during and post-museum activities, 
background information 

Tab 10: Field Experience Data: a. Formal information and b. Informal information 

Tab 11: Science and Faith paper 

Folder in Back, alternate field trip information 

Handouts 
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Syllabus EDU 4083, continued 

Criteria for Learning Center 

Circle the point value awarded for each criteria 
1. Center is Interactive 

a. Attractiveness, Hook to pull students in to it 

b. Exciting, High interest activity to sustain interest 

2. Center's Purpose Correlates to Strand 

a. SSS Addressed 

b. Developmentally Appropriate 

3. Center's Implementation Requires Minimal Adult Supervision 

a. Clear Labeling 

b. Clear Directions 

c. Hints or Examples present 

d. Answer Key present 

e. All Materials to complete the activity are available 

4. Center's Construction Displays High Standards 
a. Durable manipulatives 

b. Colorful use of materials 

c. Sturdy container available for storage 

5. Center Encourages Knowledge Construction 

a. Activity facilitates social interaction (collaboration) 

b. Activity builds on prior knowledge to complete 
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Syllabus EDU 4083, continued 

c. Exhibit gives background information 

d. Activity poses a question or requires students to 
solve a problem 

e. Activity requires tangible evidence of thought 
(data sheet, sketch, etc.) 

012345 

012345 

012345 

Total Possible Points, 50; Points Received ___ _ 

*Completed on time=1 point 
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Appendix I 

Syllabus Agenda for Actual Study 
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Jan.9 

Jan. 11 

Jan 16 

Jan. 18 

EDU 4083 Teaching Science in the Elementary School 
Agenda Spring 2007 

University/Science Museum 

Who are We and Why are We Here?" Chapters 1, 2 
Introduction to Class and Teaching Science, (El K-12 
24.1, 24.2) Syllabus, Textbook, NOS, 
STEBI, Demographic information; 
CK, PK, PCK (Theory to Practice-Methods Courses); 
5 E's of Teaching Science; Processes of Science; 
Tool Box: Designing an Experiment: Scientific 
Method/Gravity 
Hooks: Discrepant Events/Burning Peanuts 
Establish criteria for an effective learning center 
Assignment: (I) Download SSS and "Guts" of portfolio (will be due 
March 22). (2) Peruse Exploratorium web site, print out one activity you 
think is interesting. (3) Purchase Science Notebook; (4) Learning Center 
due 1-16; Read chapter 3. 

The Processes of Science, Chapter 3 
Ways to Teach Science- Content Knowledge/Learning in 

Places (El K-12 24.3, 25.2); Strand H 
Sign up for Strand Presentations and Science in the News. 
Identify what strand your Exploratorium activity addresses. 
Tool Box: Methods to teach science: PBA Lesson 
Plan, Learning Centers, Science Notebooks, File Folder 
Games, Discovery Science, AIMS 
Demonstration Lesson: Predicting/peanut 
Cooperative Lesson: Collaborating/Water on Pennies 
Facts, Concepts, Principles, Theories, Models (define in class); 
*Assignment: Learning Center due 1-16; Read Chapter 4. 

How Children Construct Science, (Constructivism) 
Chapter 4 
Share Learning Centers/Evaluate each center 
Theories supporting science teaching/Learning in 
Museums-observing, hypothesizing, testing, concluding, 
Reflecting; 
*Assignment: Museum Handout and Reflection; Read Chapter 5 
Meet in the Museum Jan. 18! 

Meet at the museum 
Teaching Science in the Elementary Classroom
Sunshine State Standards, Chapter 5, Inquiry 
Science in the News/Bring SSS 
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Jan.23 

Jan.25 

Jan.29 

Jan30 

Feb.l 

Introduction to and Tour of Museum 
Preschool and the Museum: Demonstration, Nitromania 
Details of Resource Unit/Hands on-Minds-on Science 
*Assignment: Explore the museum on your own, find 3 
exhibits that most interested you, spend 20 in each 
section of the museum. Reflect: What about those 
exhibits engaged you? Handout: Powerful Objects 

No Class: Classroom FE 
Meet with your cooperating teacher, observe science lessons 

No Class: Classroom FE 
Observe/help with science lessons 

Meet at the Museum 
Inquiry/Interdisciplinary Approaches 
Experiential Learning-Science Based Projects/Challenging 
The Classroom Standard through Museum-Based 
Education; Learningfrom Powerful Objects 
Science in the News 
Engagement: Debrief reflections from last class; 
Bruner and Discovery Learning; 
Tool box: Powerful Objects in Teaching Science; Egypt 
Classroom connection: Mummifying a fish 
Preschool and the Museum: Planetarium Presentation, 
"Lan·y Cat in Space;" Life Science: Touch Tank Experience 
Assignment: Find Powerful Objects that relate to your 
Strand; Science notebook question: How does what we have learned in 
the museum setting relate to teaching in a classroom? 

Meet at the Museum 
Sociocultural learning, Vygotsky 
Facilitating informal/earning, visitor conversations and 
learning in groups; Docent training; Science in the News; 
Tool box: Informal learning environments-the school yard, "Teacher, 
teacher, look what I found"; Planning field trips 
Assignment: Observation of student learning and teacher 
Behaviors; Handout: the Framework; With your group, 
assess assigned exhibit before next class. 

Meet at the Museum 
Exhibit labels; Evaluating Activities-What does this 
have to do with the classroom? 
Evaluation of science acti vities and your philosophy for 
structuring science environments for children 
Tool Box: Using the framework as a tool for evaluation; 
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Feb.6 

Feb.S 

Feb. 13 

Feb.lS 

Feb.20 

Feb.22 

Feb.27 

Reflection: Compare/contrast your learning center with 
the museum exhibit your group evaluated 
Science in the News; Curriculum tie-in, AIMS activities 
Assignment: Use the Framework and assess two 
exhibits. Come to consensus with your group. 

Meet at the Museum 
Teaching Science in the Primary Classroom
Standards and Assessments; 
Science in the News; 
Discuss the Framework assignment, compare findings 
Tool Box: Center rotations: Disequilibrium/Discrepant Events-Sink & 
Float; Project Approach 
Building a Unit-Using a text-book; Pre/post testing; Thematic 
instruction/Science Ideas. FCA T concerns 

Meet at the university for Strand A Presentations (EL K-6 18.2b, 
19.3, 19.9) 
Tool Box: Long term projects, recording data 
Science and Faith in real life-Controversial? 
Assignment: ( 1) Choose a topic to research; get approval; Presentation 
and paper due March 15/20 

Meet at the university for Strand B & C Presentations (ElK-
6 20.2, 20.6) 

Meet at the university for Stand D & E Presentations (El K-6 
21.1,22.1) 

Meet at the university for Strand F & G Presentations (El 
K-6 23.4) 

Museum Exhibit Facilitation 
No formal class 

Meet at the Museum 
Physical Science: "Theatre" Demonstration, "Nitromania" 
Tool Box: Questioning in Science: Observe interaction between 
presenter and students, interest level of students 
Assignment: (1) Evaluate the lesson's effectiveness. 
(2) Create a budget for purchasing science materials from 
the museum gift shop or on-line; criteria sheet provided; Du March 
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Mar.l Mid-term 
Tool Box: Connecting Science to Literature, Oobleck 
Share Museum budget assignment 

March 6-8 Spring Break 

March 13 Meet at the museum. 

March 15 

March 20 

March 22 

March 27 

March 29 

April3 

Tool Box: Environmental education (SWA activities); 
(Unless it is bad weather, go out back and look for my car! 
Literature connection, Oil spills. 
Project Wild, Predator/Prey 

Meet at the university 
Science and Faith presentations. Let me know if you want to 
change your topic; 
Assignment: Museum Packet and Exhibit Facilitation) Hook, Exhibit 
background, 3 Activities, Literature Tie-in) Due 3-29. 
Reflection: Have you improved from the first strand activity? 

No Class: Classroom FE 
Meet at your assigned school, field experience; Your 
Observations should be completed 

No Class: Museum FE 
Facilitate an exhibit 
Drop off completed portfolio at office 

Meet at the museum 
Life Sciences: Metamorphosis, Working with mealworms 
Tool Box: Connecting Science and Social Studies, Mummies 
Classroom Activities that mirror museum exhibits: 
(Tornado in a Bottle, Bernoulli Blower, Mummifying a fish 
Density); Science in the News 
Assignment: (2) Mealworm baby sitting (using the science notebook for 
long-term projects); 

Meet at the museum 
Facilitate an exhibit; include data sheets 
Museum exhibit facilitation for class; Reflection: What did you 
learn? Are you better at selecting activities? 

Meet at the museum 
Meal worm report 
Tool box: Earth Science: Dichotomous Keys/Geode splitting 
Museum exhibit facilitation for class 
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AprilS 

April10 

April 12 

Apr. 17 

Apr. 19 

Apr. 24 

Apr. 26 

Final 

Meet at the museum 
Earth Science: Panning for Jewels/Gold 
Tool Box: Making models of the earth 
Museum exhibit facilitation for class 

No Class: Museum FE 
How do children make meaning from the exhibits? 
How does this relate to classroom experiences? 
How is the exhibit set-up? 
How does this relate to classroom structure? 
What did children know about the background concepts 
of this exhibit before they came? What did they need to know? 
How should they know it? How does this relate 
to classroom subject matter knowledge? 

No Class: Museum FE 

Meet at the University/Debrief FE, Museum Experiences 
Science in the News 
Safety and the Science Classroom/Using a fire extinguisher 
Concept maps/Inspiration/Interactive web sites 
Materials and funding for science activities 
Preparing for a Science Fair 

Meet at the university/Final Learning Center Due 
Evaluate Before and After 

Meet at the university/ Final Learning Center Due 
Evaluate Before and After 

Final Exam 

Focus Group, Debrief Experiences 
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Appendix 1 

Florida Sunshine State Standards 
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Science 
PreK-2 

The Nature of Matter 
Standard 1: 
The student understands that all m atter has observable, 
measurable properties. (SC.A.1.1) 
I . knows that objects can be described, classified, and 
compared by their composition (e.g ., wood or 
metal) and their phys ical properties (e .g. , color, 
size, and shape) . 
2. recognizes that the same material can exist in 
different states. 
3. verifies that things can be done to material s to 
change some of the ir physical propert ies (e.g. , 
cutting, heating, and freezing), but not all materials 
respond the same way (e.g., heating causes water 
to boil and sugar to melt). 

Standard 2: 
The student understands the basic principles of atom ic 
theory. (SC.A.2.1) 
I . recognizes that many things are made of smaller 
pieces, different amounts, and various shapes. 

Energy 
Standard 1: 
The student recognizes that energy may be changed in 
form with varying efficiency. (SC.B.1.1) 
I . knows that the sun supplies heat and light energy 
to Earth . 
2. knows that light can pass through some objects 
and not others. 
3. describes a model energy system (e .g., an 
aquarium or terrarium). 
4 . knows that heat can be produced in many ways 
(e.g., by burning and rubbing). 
5. knows that every human action requires energy 
that comes from food. 

Standard 2: 
The student understands the interaction of matter and 
energy. (SC.B.2.1) 
I . recognizes systems of matter and energy. 

Force and Motion 
Standard 1: 
The student understands that types of motion may be 
described, measured, and predicted. (SC.C.1.1) 
I. understands that di fferent things move at different 
speeds. 
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2. knows that there is a relationship between force 
and motion . 

Standard 2: 
The student understands that the types of force that 
act on an object and the effect of that force can be 
described, measured, and predicted. (SC.C.2.1) 
I . knows that one way to change how something is 
moving is to give it a push or a pull . 
2. knows that sound is caused by vibrations (pushing 
and pulling) to cause waves. 

Processes that Shape the Earth 
Standard 1: 
The student recognizes that processes in the lithosphere, 
atmosphere, hydrosphere, and biosphere interact to 
shape the Earth. (SC.D.1.1) 
I . recognizes that the solid materi als making up the 
Earth come in all s izes, from boulders to grains of 
sand. 
2. knows that life occurs on or ncar the surface of 
the Earth in land, air, and water. 
3. recognizes patterns in weather. 

Standard 2: 
The student understands the need for protection of the 
natural systems on Earth. (SC.D.2.1) 
I . understands that people influence the quality of 
life of those around them. 

Earth and Space 
Standard 1: 
The student understands the interaction and organization 
in the Solar System and the universe and how this affects 
life on Earth. (SC.E.1.1) 
I. knows that the light reflected by the moon looks a 
little different every day but looks the same again 
about every 28 days . 
2. knows that the appearance of sunri se and sunset 
is due to the rotat ion of Earth every 24 hours . 

Standard 2: 
The student recognizes the vastness of the universe and 
the Earth's place in it. (SC.E.2.1) 
I . knows that there are many objects in the sky that 
are onl y visible at ni ght. 

Processes of Life 
Standard 1: 
The student describes patterns of structure and function 
in living things. (SC.F.1.1) 
I . knows the basic needs of all li ving things. 
2. knows how to apply knowledge about life 
processes to distingui sh between li ving and nonli ving 
things . 
3. describes how organi sms change as they grow and mature. 
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4. understands that structures of living things arc 
adapted to their function in specitic environments. 
5. compares and describes the structural 
characteristics of plants and animals. 

Standard 2: 
The student understands the process and importance of 
genetic diversity. (SC.F.2.1) 
I . knows that living things have offspring that 
resemble their parents . 
2. knows that there are many different kinds of living 
things that live in a variety of environments. 

How Living Things Interact with 
Their Environment 
Standard 1: 
The student understands the competitive, 
interdependent, cyclic nature of living things in the 
environment. (SC.G.1.1) 
I. knows that environments have li vi ng and nonli vi ng 
parts. 

2 
2. knows that plants and animals arc dependent 
upon each other for survival. 
3. knows that there are many different plants and 
animals living in many d ifferent kinds of 
environments (e.g., hot, cold, wet, dry, sunny, and 
dark). 
4. knows that animals and plants can be associated 
with the ir environment by an examination of their 
structural characteristics. 

Standard 2: 
The student understands the consequences of using 
limited natural resources. (SC.G.2.1) 
I. knows that if li ving things do not get food , water, 
shelter, and space, they will die. 
2. knows that the activities of humans affect plants 
and an imals in many ways. 

The Nature of Science 
Standard 1: 
The student uses the scientific processes and habits of 
mind to solve problems. (SC.H.1.1) 
I. knows that in order to learn, it is important to 
observe the same things often and compare them. 
2. knows that when tests are repeated under the same 
conditions, similar results are usuall y obtained. 
3. knows that, in doing sc ience, it is otien helpful to 
work with a team and to share findin gs with 
others. 
4 . knows that people use scientific processes 
including hypotheses, making inferences, and 
recording and communicating data when 
exploring the natural world. 
5. uses the senses, tools, and instruments to obtain 
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information from his or her surroundings. 

Standard 2: 
The student understands that most natural events occur 
in comprehensible, consistent patterns. (SC.H.2.1) 
I. knows that most natural events occur in patterns. 

Standard 3: 
The student understands that science, technology, and 
society are interwoven and interdependent. (SC.H.3.1) 
I. knows that scientists and technologists use a 
variety of tools (e.g., thermometers, magnifiers , 
rulers, and scales) to obtain information in more 
detail and to make work easier. 
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Appendix K 

Titles of Learning Centers Pre- and Post-Museum Experiences 
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Titles of Learning Centers Pre- and Post-Museum Experiences 

Students' Code Names Title of Pre-Museum Title of Post-Museum 
Experience Learning Experience Learning 
Center Center 

1. Marcella Measurement What is Density? 

2. Annecia Magnet Detectives How Does Sound Travel? 

3. Elizabeth Racing With Gravity Find the Pitch 

4. Doodle Don't Forget to Recycle Figuring Out Fossils 

5. PBA 310M Where Do Humans Get What Substances Clean 
Energy? Pennies the Best? 

6. Crisp Where Do I Live Water Pollution 

7. Eleazer Different Strokes Conductors or Insulators? 

8. Lax What Am I, Where do I How Do You Detect a 
Live? Fingerprint? 

9. Daisy Where Is My Home? What is My Lung 
Capacity? 

10. Africa Habitats Bird Adaptations 

ll. Janer Day or Night Balloon Rockets 

12. John Smith The Solar System Solar Ovens 

13. Betty Nature of Science (Senses) The Five Senses 

14. Green Help the animals Find Find the Feast-Happy or 
Their Environment Hungry? 
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Address: 

Education: 

VITA 

CHELNECA K. TEMPLETON 

5154 Monterey Lane 
Delray Beach, Florida 33484 

2007 Ed. D. Curriculum and Instruction 
Florida Atlantic University 

1975 M.A. Early Childhood Education 
Marshall University 

1973 B.A. Elementary Education 
University of Kentucky 

Professional Experience: 

2002-Present Associate Professor of Education 
Palm Beach Atlantic University, 
West Palm Beach, FL 

2001-2002 

2000-2001 

1999-2000 

West Riviera Beach Elementary, West Palm Beach, 
FL 
Positions: Regular Classroom (grade 5), Gifted 
Teacher (grades 3-5) 

Assistant Professor of Education 
Palm Beach Atlantic University 
West Palm Beach, FL 

Adjunct Professor, Grants Manager, 
Coordinator of Clinical Experiences 
Palm Beach Atlantic University, 
West Palm Beach, FL 

1996- 1997 Smoky Row Elementary, Carmel, IN 
Positions: Assistant Principal, Giftedffalented 
Teacher 

1992- 1996 Smoky Row Elementary, Carmel, IN 
Position: Giftedffalented Teacher (grades 2-5) 
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1990- 1992 Mohawk Trails Elementary, Carmel, IN 
Positions: Giftedffalented Teacher (grades 2-5), 
Enrichment/Resource Teacher 

1983 - 1990 Whitaker Elementary, Winston-Salem, NC 
Positions: Regular Classroom Teacher 
(grades 2 & 5), Self-Contained Giftedffalented 
Teacher (grade 5) 

1981- 1982 Landsdown Elementary, Lexington, KY 
Position: Kindergarten Teacher 

1979 - 1980 Campbellsville Elementary School, Campbellsville, 
KY 
Position: Kindergarten Teacher 

1974- 1977 Wiley Elementary School, Ashland, KY 
Position: Head Start and Kindergarten Teacher 

Selected Professional Activities: 

• Member of Item Specification Development team, PK-3 Florida Teacher 
Certification Examination, 2007 

• Member of Test Item Validation team, PK-3 Florida Teacher Certification 
Examination, 2007 

• Member of Design and Implementation Teams for Quality Enhancement, 
Palm Beach Atlantic University, 2006-Present 

• Designed and implemented a new course curriculum, Introduction to 
Teaching, Palm Beach Atlantic University, 2006 

• Designed and implemented a collaboration between the College of Education 
at Palm Beach Atlantic University and the South Florida Science Museum, 
2006 

• Designed and coordinated an ongoing collaboration between the MacArthur 
School of Continuing Education and the College of Education to develop and 
implement a new Early Childhood track which leads to a BS degree, Palm 
Beach Atlantic University, 2005 

• Coordinator of Early Childhood Programs, Palm Beach Atlantic University, 
2002-Present 

• Sponsor of Kappa Delta Epsilon (education honor society), Palm Beach 
Atlantic University, 2003-Present 

• Member of Test Item Validation team, PK-3 Florida Teacher Certification 
Examination, 2003 

• Re-designed and implemented a course curriculum, Early Childhood 
Guidance, Palm Beach Atlantic University, 2003 
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Professional Awards: 
• Awarded 3 times, "Who's Who Among American Teachers," 2003-2005 
• Selected Delegate, Oxford Round Table, Oxford England (Early Childhood 

Literacy), 2004 
• Selected participant representing Carmel-Clay Schools, Indiana Teacher 

Leadership Academy, 1996-1997 
• Selected participant, Project INSITE, National Science Foundation for 

Problem-Based Learning, summer 1996 
• Recipient of Eli Lily Teacher Creativity Fellowship, summer 1993 

Selected Professional Presentations 

• "A Research Collaboration between the College of Education and the South 
Florida Science Museum," to the Education Advisory Board, Palm Beach 
Atlantic University, 2007 

• "Learning Centers with Themes," co-presenter, Florida Council of Teachers 
of Mathematics state convention, 2007 

• "Sailing Away-Integration of Math and Science," co-presenter, Florida 
Council of Teachers of Mathematics state convention, 2005 

• "Palm Beach Atlantic's New BS/Early Childhood Degree," Head Start 
Orientation, Palm Beach County, 2005-2006 

• "Theism," co-presenter to the faculty of the College of Education and 
Behavioral Studies, Palm Beach Atlantic University, 2004 

• "Measuring the Mayflower: Instructional Technology at Palm Beach Atlantic 
University" to the Trustees, Palm Beach Atlantic University, 2003 

• "Palm Beach Atlantic University and Early Childhood," Palm Beach County 
Early Literacy Conference, 2003 
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