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INTRODUCTION


Educators and researchers have debated for decades which variables most influence student learning.  There is a growing sense among educators and researchers is that teachers’ classroom practices have the greatest influence on student achievement (National Commission on Teaching and America’s Future, 1996; National Education Goals Panel, 1998; Cochran-Smith, 2004). The purpose of this study will be to investigate the relationship of the understanding of how scientific knowledge is formed and how it influences classroom practice among second career alternatively certified science teachers.
Prior to any detailed explanation of this study, some definitions must be agreed upon.  For the purpose of this study any use of the following term second career will mean any individual who worked in the scientific community, at the same profession, for three or more years.  This individual did not have to be employed at the same place of work, but did need to be in the same type of work.  Scientific community is a rather broad term and will be defined in this paper to consist of the total body of scientists and their relationship and interactions.  Scientific communities are divided into sub-communities, each working in a specific discipline including but not limited to, astronomy, engineering, biology, chemistry, computer science, ecology, geology, physics, oceanography and medicine.  


Alternative certification, another broad term, can take on many names in different states and school districts.  Locally, in North Carolina, we use the term lateral entry.  Lateral entry allows qualified individuals who have content knowledge, in a specific subject such as science or history, to enter the field of teaching, while obtaining a teaching license concurrently.  Lateral entry teachers, in North Carolina, must fulfill the following requirements prior to entering the classroom:

· Gain employment in a North Carolina school district;

· Hold, at minimum, a bachelor’s degree, in the content area they wish to teach in, from an accredited college or university; and

· Have a minimum of a 2.5 grade point average (GPA) out of a 4.0 scale 

OR

· Have passed the PRAXIS I test plus one of the following:

· GPA of 3.0 in the major field of study

· GPA of 3.0 in all course of the senior year

· GPA of 3.0 on a minimum of 15 semester hours of courses (relating to the content area anticipated teaching in) completed over the last five years.

For the remainder of this paper I will refer to alternative certified teachers as a lateral entry and teachers who have been through teacher’s education program traditional teachers.

When we talk about the understanding of how scientific knowledge is formed in 

this study we will also refer to the nature of science.  Most researchers agree that the nature of science includes how scientific knowledge is formed but that is where the agreement ends.  The nature of science begins with an understanding of how scientific knowledge is formed but is much more inclusive.  I have chosen, for this study, to define nature of science as an understanding that science is:

1. tentative,

2. empirically based,

3. subjective,

4. creative and imaginative and involves human inference, 

5. a combination of observations and inferences, 

6. socially and culturally embedded,

7. separate from technology but each impact the other, 

8. laws and theories which are related but distinctive kinds of scientific knowledge and

9. an understanding of how scientific knowledge is formed.   
Most traditional teachers have never done research or worked in the scientific community and don’t understand how scientific knowledge is formed firsthand.  Since the vast majority of teachers are traditional they have learned how scientific knowledge is formed from reading about it in a textbook and/or participated in required labs or projects for a science course during college.  

Today we have teacher shortages in every content area, especially in science and math, (Ingersoll, 2003).  Schools of education are not producing enough certified science teachers to fill the classroom; therefore most states have approved some sort of lateral entry program, similar to North Carolinas process, to allow individuals with degrees in a science content area to teach, while taking some education classes, to obtain their licensure. Many lateral entry teachers have worked in the scientific community doing scientific research and creating scientific knowledge and some of these science teachers are entering the teaching field as a second career. This begs the question; will their prior experience impact their understanding of nature of science and therefore influence their classroom practices?  With more and more teachers entering the classroom via alternative paths this question is very important, yet little research has been done on this topic.

Research Questions

This project explores the influence of a lateral entry teacher’s understanding of nature of science on their teaching.  The general questions associated with this study are:

A. What is a second-career lateral entry science teachers’ understanding of nature of science?

B. How do second-career lateral entry science teachers’ understandings of nature of science influence their classroom practices?

Three major sub-questions help to structure this study and to help determine more clearly if the understanding of nature of science influences how science is taught in the classroom:

1) What is a second career lateral entry teachers understanding of nature of science and how did they acquire it?

2) How do teachers exhibit their understanding of nature of science during instruction the science classroom?

· How do teachers demonstrate that scientific knowledge is formed?

· How do teachers portray science by their actions and “class talk”?

· What is the general overall classroom atmosphere?

· How do teachers’ understandings of nature of science shape their overall instructional approach in the classroom?

3) How can this study influence the approach to training and preparing lateral entry science teachers for the classroom?

It is very important that this study just begin the study of lateral entry science teachers, their philosophies and practices in the classroom.  However, this leads into a larger question which is lateral entry teacher knowledge and education.  This study could have a large impact on how lateral entry teachers will be trained and prepared for the classroom.

Importance and Rationale of the Study

Trends In Math and Science (TIMSS, 2003), an international test, scores indicate that our nation’s fourth graders rank fifth, out of twenty four, among other industrialized nations and our eight grade students rank seventh, out of forty four countries, in their understanding of science according to the TIMSS.  As our national science scores fall lower and lower for our secondary science students as compared with other nations (25 out of 37 industrialized nations),and we are currently depending more and more on international scientist to fill our science deficit.  Our countries leaders, as well as science educator’s nation wide have called for reform in science and a demand to teach rigorous science.  President Bush, in his state of the union address on January 31, 2006, proposed to bring 30,000 math and science professionals to teach in the classrooms.  One must presume, a large percentage would be lateral entry teachers.

The next generation of science teachers must inspire our nations’ future scientists to reverse these trends.  Our nation is at a pivotal point in science education and we to need to fill our science classrooms with the best prepared science teachers that our nation has to offer, to reverse these alarming trends.  According to William Hussar, economist from the National Center for Educational Statistics, by 2008 – 2009 the United States will need approximately 1.7 – 2.7 million new teachers to replace those who retire and to accommodate for the estimated growth in school age children (NCR, 1996).  Not only will we need to fill all these teacher vacancies created, the new teachers need to be highly qualified according to the federal law, No Child Left Behind (2002).  Science teachers are some of the hardest teachers to find, especially for urban and rural school districts (NSTA 2005 & Council of the Great City Schools, 2000).  According to the 2000 Nation’s Report Card (NAEP), eighty-two percent of our nation’s twelfth graders performed below proficiency on the National Assessment of Educational Progress science test (NAEP, 2000).  Many of our teachers entering the science classroom are crossing the threshold of teaching via an alternative route.  Most states are allowing individuals with bachelor’s degrees in science to apply for teaching positions under a provisional or alternative license.


Equally clearly, schools of education aren’t producing enough science educators, and a changing economy is providing an impetus for career change therefore we are gathering our pool of teachers from the scientific community.  International Business Machines (IBM) has begun an incentive program, The Reinventing Education Grant Program, for scientists, researchers, technology experts and educational consultants from IBM to enter the field of teaching as their employees approach retirement age.  There are many incentives for these early retirees to consider a second career in education.  These individuals from the scientific community bring with them a unique quality in that they possess vast experience that most traditional science teachers do not have, including personal experience with the scientific process.    Second career lateral entry science teachers experience and prior knowledge indicate that they may have a better and more complete understanding of the nature of science.  My personal experience with second career lateral entry science teachers demonstrates that their content knowledge is thorough and their understanding of the scientific process is more complete due to their prior work experience. 

Why is it so important to have a better understanding of nature of science when teaching science?  Teachers’ who are aware fully aware and comprehend the nature of science, as second career lateral entry teachers may demonstrate an understanding of the nature of science through their classroom practices, have students who are more scientifically literate according to many science educators and researchers.  Wong (2002) looked at why it is important for teachers to have an understanding of NOS.  He stated that teachers who have a greater understanding of NOS and use NOS strategies in their classroom have a greater chance of demonstrating that:

1. science exemplifies rational perspective on the world (Lederman, 1992).

2. learning science processes translate into becoming a better thinker (Wong, 2002)

3. scientific approach to life’s problems and participants in a democratic society (Matthews, 1994).

4. students are more informed consumers of scientific information in a world that is quick paced and technological savvy (Lederman, 1999) 

5. science is alive, make it exciting and fun which could increase interest in science as a career

6. scientific methods change to keep up with developing technology (Duschl, 1988).

Teaching science, making child love science and want to become scientist, involves much more than just classroom management, instructional strategies and lesson planning.  It requires an understanding of the Nature of Science (NOS).  Many traditional science teachers have a limited understanding of this view of science.  However, this is an essential piece of effective science teaching which is very important to the culture of teaching for understanding in a science classroom.  Therefore science teachers must develop an understanding of NOS in order to impact student learning and be the most effective teacher.

Cunningham’s (1995) research among high school science teachers indicated teachers who had contact with direct original research had a greater understanding of sociological understanding of science (SUS), which is a major component of the nature of science.  Teachers with greater SUS had classrooms that functioned better as scientific communities and were able to integrate their course in a broader context such as other science classes, other courses and science within the community, such as citizen science.  Cunningham’s study shows a direct positive relationship between SUS and classroom practices.  Windschitl (2004) studied fourteen pre-service teachers and found that teachers who had significant research experience in the scientific community or greater scientific content background, such as advanced degrees, did more inquiry activities in the classroom.  Inquiry based classrooms tend to reflect a teachers’ increased understanding of nature of science (NOS) (Wong, 2002). 

On the other hand, other scholars have found that teachers’ understanding of NOS and the relationship to classroom practice is not conclusive but a closer look at his work reveals that it has generally been limited to traditionally trained teachers (Abd-El-Khalick, 1998, Bartholomew, et al., 2004, Brickhouse, 1990 and Lederman, 1999). Most of these teachers do not have direct experience in the scientific community or direct exposure to an original research component in their teacher education preparation.


Chambers (2002) indicated that prior knowledge from jobs is often transferred to a second career.  If prior work is transferred to new jobs then individuals who worked in the scientific community prior to entering the classroom have an increased chance of bringing an understanding of science with them.  Veal (2002) found that lateral entry teachers offer an “untapped reservoir of knowledge” that every school district needs to take advantage of. Veal was referring to the contextual and experiential knowledge, a “real world science” that lateral entry science teachers have.

I want to investigate the relationship between second career lateral entry teachers understanding of NOS and if it influences their classroom practices, which will confirm either Cunningham’s or Abd-El-Kahlick, et al.’s findings.

Nature of Science Knowledge Among Teachers

Many educators ask why is it important that teachers have knowledge of nature of science.  According to the National Science Teachers Association (NSTA, 2000), the most important product of science is the knowledge that is formed and the process in which it goes through in order to form this knowledge; it is imperative that science teachers must be able to teach their students how scientific knowledge is formed.  In fact, NSTA called for science education reform in 1982, over twenty years ago, to increase scientific literacy for all citizens.  One of the basic premises of a scientifically literate individual is the understanding of how scientific knowledge is formed.  At this time it was the science teachers’ responsibility to teach this process to their students.  This is the basic foundation of nature of science and the story of science must be told accurately.  Project 2061, Science for All Americans, agrees that a basic building block for comprehending nature of science involves familiarity with the way scientific knowledge is formed or created.  In fact, they go as far as to say that science is a different way of knowing and that too must be investigated and understood.  The National Science Education Standards (NCR, 1996) gave guidelines to the science education community by saying that school science reflects the intellectual and cultural traditions that characterize the practice of contemporary science.  Science teachers can only teach science fully and comprehensively with a complete knowledge of nature of science, according to the goal above.  McComas (2002) also agreed that understanding how scientific knowledge is formed is the thread that holds the rest of the tenants of the nature of science.  Lederman (1999) suggested that for several decades reform has been called for in science education for students increased understanding of nature of science because this understanding increases scientific literacy.  While the association between a better understanding of nature of science and increased scientific literacy has never been tested, an increased understanding of nature of science will empower them to make better informed decisions concerning scientific claims. This could also help the public discern between real science and pseudoscience in areas critical to society.

 If a science teacher has a greater understanding of nature of science and imbeds this philosophy in her or his teaching, students will leave that classroom with a better understanding of nature of science.  Billeh and Hasan (1975) understood the influence a science teacher has in their students understanding of science.  Over thirty years ago, a major objective of school science was to teach the understanding of nature of science to students, yet most teachers didn’t have an adequate understanding of nature of science. 

Research Design
This research design was created with these research questions in mind; 
A.  What is a second-career lateral entry science teachers’ understanding of nature of science?

B. How do second-career lateral entry science teachers’ understandings of nature of science influence their classroom practices?

LITERATURE REVIEW

Nature of Science has been a central theme of science education since the early 1900’s when it was stated by John Dewey that, science-centered concepts seem to underlie not only scientific inquiry, but the whole concept of a democratic society. As he put it "The experimental method is the only one compatible with the democratic way of life."(Makedon, 1991)  Most educational scholars and experts agree that a general definition of Nature of Science (NOS) typically refers to the epistemology of science as a way of knowing or the values and beliefs inherent to the development of scientific knowledge.  

History of Nature of Science

Prior to Thomas Kuhn’s revolutionary book Structure of Scientific Revolution (1962), science education was mostly interested in developing a normative logical account to justify scientific claims rather than understand how it works.  Most of the philosophers were interested in developing a context of justification not a context of discovery.  Karl Popper (1959) was just one of the examples of philosophers who were interested in developing a normative logical account to justify scientific claims.  However, there were others such as Merton (1949) who were stepping out of the traditional philosophy and pioneering a concept to provide an account of the social structure of science.  This helped paved the way for the shift and introduction to the philosophy lead by Thomas Kuhn to introduce an interest in context of discovery of science and not the justification of science.  Kuhn (1962) looked at a revolutionary account of how scientific knowledge is formed and accepted in the scientific community.  He looked at the history of science not just the innovations or discoveries of science.  Shortly there after, Collins and Pinch (1985) began to produce genuine sociological accounts of the production of scientific knowledge.  At the same time, LaTour and Woolgar (1986), did extensive studies of the science laboratories.  They explored in great detail typical traditions and habits of the scientific communities within research labs.  All this newly found knowledge opened the door to question how does this all relate to how we are teaching science to students.

Pre-Kuhian science education philosophy, during the early 1960’s, was to emphasize inquiry lessons and science process skills such as observing, hypothesizing, inferring, interpreting data and designing experiments.  With the introduction of Kuhn’s philosophy a clarified definition of nature of science began to emerge and the science education community began to take notice.  Kimball (1968) defined eight guiding principals for NOS:

1. curiosity is a driving force in science

2. science is dynamic/on-going

3. science tries to achieve understanding and simplification

4. many methods

5. methods of science characterized by attributes described by values not techniques ( process over product)

6. faith in susceptibility of physical universe to human understanding

7. science must have openness of mind

8. tentativeness

Researchers wanted to develop nature of science inventories, many with quantitative components, to measure what teachers knew about the nature of science.   The following NOS inventories were used and developed during the 1960’s:

1.  Cooley /Kloper 1961 
Test on Understanding Science

2.  Welch/Pella 1967-68
Science Process Inventory

3.  Kimball 1967-68

Nature of Science Scale

These tests were all forced choice tests which didn’t allow the participants to insert their own view.  The participants were forced to choose an answer that was available, even if they didn’t totally agree with it.


During the early seventies not much research was explored about the nature of science but a few researchers continued to explore and expand the definition of NOS. Anderson and Rubba (1978) took Kimball’s eight principles of NOS and reduced it to six factors that define the NOS:

1. amoral

2. creative

3. developmental

4. simplicity

5. testable

6. unified by laws, theories, and concepts

As more and more information was presented about the NOS more inventories were created to help measure student's and teacher’s understanding of NOS.  Billeh and Hasan (1975) created the Nature of Science Test and Cotham and Smith (1981) created the Conceptions of Scientific Theories Test, still using the forced choice model.

The National Science Teachers Association NSTA (1982) acknowledged that there was an inadequate understanding among our nation’s science teachers and students of NOS.  NSTA continued to detail and expand their statement what NOS included:  an understanding of the empirical and tentative nature of scientific knowledge inclusive that one of sciences central tendencies is inquiry and what the role of a theory is.  

In the nineties, nearly a century after the first call for NOS reform in the science classroom, two major documents were created calling for major reform in science education.  Science for All Americans (AAAS, 1990) outlined three major components for basic understanding of NOS:

1) science is tentative and does not answer all questions, such as faith and if art is beautiful.

2) NOS is based on inquiry and relies on logic empirically based observations or data.  It is also creative and a human endeavor.

3) Science is socially and politically embedded.

National Science Education Standards (NCR, 1996) were created by the National Academy of Sciences to help address some of the definitions and what science education should be teaching.  The standards emphasized that NOS is based in a historical context, it is tentative, empirical, logical, laced with skepticism, full with open communication, and embedded with personal, societal, and cultural beliefs. 

History of Nature of Science and Teaching

Early in the twentieth century educational experts, such as John Dewey was suggesting that science teaching had an epistemological dimension that was being ignored.  Westaway (1929), an English inspector of schools and author of science education textbooks, defined a successful science teacher as one who understood the subject well, had knowledge in other branches of science as well, could speak well, understands how math and science work together, is something of a philosopher and could place science in a historical context.  Currently research still indicates that teachers and students do not have an adequate understanding of the NOS (Aikenhead 1973, Brickhouse 1990,  Bell, Lederman, and Abd-El-Khalick 1997, Duschl 1985).  McComas (2004) continues to try to reach science teachers by publishing articles in teacher practitioner magazines such as The Science Teacher. These short articles present key ideas based on scholarly literature on NOS to help shape instruction, some of the articles even give lessons to help assist the teachers in the classroom.  


National Science Standards include the teaching of NOS and most state standard course of study is based on the national standards which also call for the inclusion of the teaching NOS throughout the school year.  By the early summer of 2008, there will be some quantitative data for elementary and middle school students understanding of NOS with the federally mandated test required of all fifth and eighth grade science students, demanded by No Child Left Behind (2002).  


Billeh and Hasan (1975) did a study to see if an intervention program on understanding of science, which embodied many of today’s principles of NOS, would increase the teachers’ understanding of NOS.  The summer training program addressed science content knowledge, laboratory investigations (mostly using the guided discovery approach), fifty minute lectures on NOS and enrichment activities for high school science classrooms.  Nature of Science Test (NOST) was given to the teachers before and after the program to assess their understanding of NOS.  There were significant increases in the mean averages of the chemistry, physical science and physics teachers but not the biology teachers as a result of the four-week summer program.  The biology teachers did not receive the fifty minute lectures on the NOS.  The authors concluded that the formal lectures on the NOS had a major impact on the results and increase in the understanding of NOS.

Lederman (1992) has developed an evolving comprehensive research on NOS.  He has distinguished four lines of study that are related but separate:

1) Assessment of student conceptions of the nature of science.

2) Development, use and assessment of curricula designed to ‘improve’ student conceptions of the nature of science;

3) Assessment of, and attempts to improve, teachers’ conceptions of the nature of science; and 

4) Identifications of the relationship among teachers’ conceptions, classroom practice, and students’ conceptions.
The line of research makes sense in that Lederman first looked at the students’ understanding of NOS and found that it was inadequate therefore he looked at the curriculum to see if it was successful or needed improvements to assist in student understanding in the NOS.  Several units and topics were developed placing science in its historical, sociological and societal context to improve students’ understanding of NOS.  All this curriculum development neglected the influence the teacher had on the students’ understanding of NOS, which lead to the third line of research.  Researchers falsely concluded, at first look,  that the students’ gains in understanding NOS were independent of the teachers input.  Later, teacher’s input was re-examined after pre-testing, teacher experience and student prior knowledge was controlled for.  Some conflicting results were found and different teachers got different results when a NOS science unit was developed and taught.  As Lederman began to teach NOS and examine teacher’s beliefs, he realized that their understanding of NOS did not always translate into classroom practice.  This led to the fourth line of research.  This complex line identified relationships between teachers understanding of NOS, classroom practices and the students understanding of NOS.  Before this line of research, people thought that just because individuals had an understanding of NOS it automatically translated into classroom practice.  While Lederman discovered the fourth line of research, he also discovered that observing classroom practices became very complex due to the following factors in a classroom:

1) a teachers content knowledge

2) classroom management

3) student concerns with motivation

4) institutional constraints

5) teaching experience

6) understanding of NOS

7) lack of resources in the science classroom.

Lederman (1992) concluded, “translations of teachers’ conceptions into classroom practice indicates, and rightly so, that even though teachers’ conceptions of NOS can be thought of as necessary condition, these conceptions, nevertheless, should not be considered sufficient”.  However, he did conclude that the following factors are NOT related to a teachers’ understanding of NOS:

1) logical thinking ability

2) quantitative aptitude 

3) verbal aptitude

4) locus of control

5) teaching level such as elementary versus secondary

6) science subject taught

7) in-service professional development or training

8) field-based teaching experiences

9) years of teaching experience

Cunningham (1995) found that most teachers get their understanding of NOS thorough textbooks because they are not exposed to a rich real laboratory experience, other than required labs in a classroom.   She also believes that individuals who come into the classroom from the scientific community can have a better understanding of NOS due to their rich real laboratory experience.  Her research explored Sociological Understanding of Science SUS, which is part of NOS and she claimed these seven assertions from her study:

1) stronger SUS teachers have classrooms functioning more like scientific communities

2) stronger SUS teachers situate their course in a broader context such as other sciences, other courses, the community and globally,

3) authority/control is much more flexible or varied in a higher SUS classroom,

4) Authentically and frequently conveyed information about science is stated in a higher SUS classroom,

5) Contact with real research science or some controversial topic or problem-based community research, such as citizen science, is an important part of a SUS classroom,

6) Innovative units more original and complex if frequently found in strong SUS classrooms and

7) Teachers’ philosophy about purpose of school science influences what is taught in a classroom.

Brickhouse and King (1992) both believe that teachers need more than just book knowledge to fully understand and teach philosophy and history of science studies.  They must be taught how to infuse what they know into their classroom practices.  McComas (2002) agreed with Brickhouse and King in that students will not understand fully NOS just by doing hands-on science activities or inquiry.  Teachers must be taught how in imbed NOS and inquiry into lessons.  Southerland and GessNewsome (2003) added to the above statements by stating that a scientists’ view of the classroom is not enough, an understanding of NOS must be taught to the students in order to complete a science education.  

Matthews (1998) firmly believes that distinguishing and teaching good science in the classroom compared with pseudoscience depends on a full and complete grasp on the nature of science.  Matthews believes that all students of science need to wrestle with the basic philosophical questions of science that begin with:  What do you mean…..?  and How do you know…….?


Very recently, Bartholomew, Osborne, and Ratcliffe (2004), did a study that confirmed that most teachers still don’t have a clear understanding of NOS.  Most teachers have no recognition about the tentative nature of science and still teach science from the positivist or empiricist view (one truth).  This study also concluded that teachers’ conception of NOS does not always translate into practice and effective pedagogy.  Teachers must allow and establish a context in which it is possible for students to engage and participate in reflective epistemic dialogue.  In this age of quantitative testing teachers are in conflict over product versus process in the science classroom.  Bartholomew, et al. (2004) proposed that teachers must allow reflection time in the classroom to promote students understanding of NOS.

History of Alternative Certification or Lateral Entry Teachers
Alternative teacher certification is a broad term that has been used to refer to non-traditional routes into the teaching profession.  According to the National Center for Educational Information, 2002, in the last three years approximately 25,000 teachers have been licensed through alternative routes. Alternative teacher certification has taken on many avenues, from emergency licensures issues with as little as ten days preparation to well developed programs that require two years preparation, including several field experiences.  Darling-Hammond (1989) did an analysis of alternative certified programs to conclude that the length of the program ranged from 16 weeks to two or more years and the credits ranged from 9 to 45.  Schools of education are not producing enough teachers to fill the classrooms; therefore most states are allowing individuals to enter the teaching field via alternative certification.  It is crucial that school systems understand who they are hiring, so that they can best train and prepare them for the classroom.  Significant evidence shows that student achievement is associated with teacher qualification, which includes professional development as well as preparation and training well qualified teachers (Darling-Hammond, 2000).

School district across the nation need more teachers, two million in the next decade (U.S. Department of Education), therefore creating national shortage of fully licensed teachers, therefore each state has developed, usually through the assistance of the colleges and universities, an alternative certification program.  This allows individuals with life experience, a desire to teach and a bachelor’s degree in the subject area they wish to teach in an avenue to pursue a career in teaching.  Kwiatkowski (1999) complied data that shows between 1983 and 1996, more than 50,000 individuals in the United States received alternative certification.  With the expected teacher shortages due to retirement and growth in the number of school age children, this trend of alternative certified teachers is expected to accelerate.  The most critical needs areas for teachers are math, science, technology and foreign language, which means school districts will need to gather the next generation of teachers from different pools, other than schools of education.

In North Carolina, the term lateral entry is used to define an alternative route to teaching.  Like most states there are requirements in order to be eligible for entering the classroom, which include at least a bachelor’s degree in the content area you wish to teach in as well as the following:

·   Gain employment from a North Carolina school district

· Have a minimum of a 2.5 grade point average (GPA) out of a 4.0 scale 

OR

· Have passed the PRAXIS I test plus one of the following:

· GPA of 3.0 in the major field of study

· GPA of 3.0 in all course of the senior year

· GPA of 3.0 on a minimum of 15 semester hours of courses (relating to the content area anticipated teaching in) completed over the last five years.

The federal legislation, No Child Left Behind (2002), further muddies the licensure waters by requiring that all teachers by 2006 – 2007 become “highly-qualified”.  This means they are experts in their content area, which most lateral entry teachers are. 


School districts are relying on many national programs that draw some of the nation’s brightest young people into the field of education for a short period of time, such as Teach for America and Troops to Teachers. While these programs recruit enthusiastic young bright people into the field of education, many of them only stay the required amount of time, approximately two years.  Another innovative program is IBM’s, The Reinventing Education Grant Program, recruits scientists, researchers, technology experts and educational consultants from IBM to enter the field of teaching as their employees approach retirement age.  The company pays for these individuals to complete their licensure and supports them monetarily for 2 years.  


Alternatively certified teachers are going to be a part of every school districts teaching population, therefore studies must be done to investigate what knowledge these teachers are bring into the classroom with them.  Zeichner and Schulte (2001) clarified that it is very important that researchers understand how teachers use the knowledge they have in classroom.

METHODOLOGY

Introduction


Most of the instruments, prior to the early nineties, developed to measure the Nature of Science (NOS) were forced choice, therefore creating quantitative data.  These instruments use a Likert scale; agree/disagree choice or a multiple choice format forcing the participant to choose one of the choices, whether or not they totally agree.  Some of the NOS inventories and scientific knowledge tests used in the past to monitor responses to the understanding of NOS include:  Cooley and Klopfer (1961) developed a multiple choice test created to measure an understanding of science and titled Test on Understanding Science.  Other tests quickly followed and include Wisconsin Inventory of Science Processes, WISP, (Scientific Literacy Center, 1967), Welch Science Process Inventory (Welch & Pella, 1968), Nature of Science Scale (Kimball, 1967 – 1968), Nature of Science Test (Billeh & Hasan, 1975), Nature of Scientific Knowledge Scale (Rubba, 1976), Conceptions of Scientific Theories Test (Cotham & Smith, 1981), Views on Science –Technology-Society, VNOSTS (Aikenhead, Fleming & Ryan, 1987) and Modified Nature of Scientific Knowledge Test (Meichtry, 1992).  While some of these tests allow the respondents to response with a short written response, they first require the respondents to agree or disagree with the statement, therefore requiring a forced choice.  


There are two major criticisms and one minor criticism of the forced choice tests, which seriously questions the validity of the above instruments.  The first major criticism of the forced choice instruments are based on a problematic assumption that the assessments of NOS assume the individuals tested perceive and interpret the items just as the instrument’s developer intended them to be tested (Aikenhead, Ryan, & Desautels, 1989 and Lederman & O’Malley, 1990). The second major criticism of the forced choice tests is that these standardized instruments usually reflect the developers’ view and biases of NOS (Lederman, 1998).  The final criticism of the forced choice test is that many of these tests are quantitative and are mainly used to label a numerical value to their understanding of NOS, which assumes, or even labels an individual as an adequate or inadequate in their understanding of NOS (Lederman, 1986).


The Views of Nature of Science Questionnaire (VNOS) was developed by Norman Lederman “to provide an authentic and meaningful assessment of learners’ NOS views”. The VNOS allows the participants to respond to the questions without any forced choice.  They must respond with a written respond. The VNOS test uses open ended questions which allow the participant to write their own views and not accept the views of the developer. After the test is administered, semi-structured interview questions are asked in order to validate the participant’s questions.  This allows the researchers to clarify the participant’s written answers and even ask questions of the researcher. The VNOS test was developed to gain an understanding of the participant’s aspects of scientific knowledge.  These aspects of scientific knowledge are that scientific knowledge is:  tentative, empirically-based, theory-laden, partial product of human inference, imaginative and creative, and socially and culturally embedded.  Other important aspects the VNOS questionnaire addresses is the distinction between observation and inference, the relationship between a theory and a scientific law, and the myth of a universal scientific method.  


Three forms of the VNOS questionnaire evolved over time.  VNOS form A was originally developed by Lederman and O’Malley (1990) as a response to the forced choice tests.  It was originally intended for measuring high school students’ views of NOS.  The questionnaire had seven open-ended items, which allowed the participant to illuminate their own views and not that of the researcher.  After the participant wrote the responses a semi-structured interview was conducted to clarify the participant’s views as well as establish the face validity of the questionnaire items.  During the interviews the participants were allowed to read, explain and justify their answer.  Researcher interpretation of some of the questions without the interviews would have led to some misinterpretation of some of the questions, this lead to the conclusion that the interviews were a very important part of the VNOS questionnaire.    Adb-El-Khalick et al. (1998) revised the VNOS A to create an instrument to be used with pre-service secondary science teachers understanding of views of NOS.  The VNOS B form has been used in many studies with pre-service secondary science teachers (Bell, Lederman, & Abd-El-Khalick, 2000) and several pre-service elementary science teachers (Akerson, Abd-El-Khalick, & Lederman, 200 and Akerson & Abd-El-Khalick, 2000).  As more questionnaires were administered validity data became apparent, the participants’ views of NOS during the interviews were mostly harmonious with the written responses. 


Bell (1999) did an investigation to see if there was a difference in views of nature of science with a purposefully selected group of individuals to participate in the study.  This study would help establish construct validity for the VNOS B questionnaire.  Nine individuals with doctoral degrees in science education, history of science or philosophy of science were compared to a novice group of individuals with little or no understanding of NOS.  These individuals held doctoral degrees in literature, history and education (not science or philosophy).  The expert group had an empirical value of 89% understanding of NOS while the novice group had a value of 33%.  Data supported the validity of the VNOS B questionnaire.


Data will be gathered through five different sources, a preliminary informational questionnaire (about 11 – 15 questions), Views of Nature of Science test (VNOS B test developed by Norman Lederman, 2002), semi-structured interviews lasting about one hour, classroom observations (which will include reading and reviewing written lesson plans for the unit), and self evaluations.


Timeline of research:

1. Informational questionnaire 

2. Analysis of questionnaire

3. VNOS B test

4. Teacher’s email lesson plans of units or topics for observation

5. Classroom observations

6. Analysis of VNOS test

7. Create semi-structured interviews

8. Administer interviews

9. Self evaluations

10. Analyze semi-structured interviews
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