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ABSTRACT: This study shows the different challenges that face today’s science teachers.  Both primary and secondary science educators must approach the science classroom differently than their predecessors. Cultural diversity, advances in technology, and new state and federal legislation are among many new issues that science teachers must overcome.  These factors can affect the attitude of pre-service teachers.  A pre-post survey of 28 post-baccalaureate students who are or will be HS physics teachers during June through August 2003, independent of gender and cultural background variables, is evaluated to compare attitude and beliefs toward teaching math and science, obtaining content knowledge, and efficacy over an intensive summer physics and science education course.

INTRODUCTION


All teachers must teach science.  However the method of science education is going to differ between the age levels.  Both the primary and secondary educators need to be prepared to teach this subject.  The process one must undergo to be fully qualified will differ depending upon each teacher’s discipline.  Obviously, the approach for each level will be different due to the cognitive stage of the students.  Unfortunately, recent trends in science education leave one to wonder if teacher candidates have the proper preparation for teaching science.

According to the U.S. Department of Education, the number of qualified math and science teachers has dropped dramatically since 1990.  In 2000, 61% of high schools and 48% of middle schools had difficulty filling science teacher positions with qualified applicants (National Science Teachers Association, 2000).  There are many reasons for this growing shortage of qualified teachers.

Very few college undergraduates are pursuing a career in science education.  20% of science and mathematics undergraduates reflect on a career in education, though only 5% complete teacher candidacy programs (U.S. Department of Education, 2000).  Many undergraduates considering a career path in science education drop their science major by their junior year.  These students continue on to teaching careers in non-science disciplines (Seymour and Hewitt, 1997).   Moreover, college graduates that complete teaching programs in science and math consider teaching for temporary positions (U.S. Department of Education, 2000).  Even teachers who stay in the profession may contribute to this problem by transferring to other districts, whereby are replacing one vacancy with another (Ingersoll, 2003).  


Another problem with taking steps to resolve this crisis is not only finding teachers, but qualified and competent teachers.  Most undergraduates who are successful in science content assessments choose to pursue fields other than teaching.  These students with higher test scores and grade point averages prefer careers in research and technology to education (Shugart and Hounshell, 1995).  This trend will always be very difficult to overcome.  Furthermore, 32% of math and science teachers do not have degrees in their field (U.S. Department of Education, 2000).  Most of these teachers have non-science certifications used to fill vacancies in their school districts.  This occurrence is particularly common in middle school and low-income public high schools.

“The K-12 qualified math and science teacher shortage perpetuates a vicious cycle in that poor K-12 preparation discourages students from pursuing careers in those disciplines, including K-12 teaching” (Moin, Dorfield, and Schunn, 2005; Gafney and Weiner, 1995).  This is a disturbing thought.  Low achieving students in math and science will have negative attitudes toward these subjects.  This negative feeling can lead to lower scores and averages and diminishing scientific understanding (Shugart and Hounshell, 1995).  This pessimistic attitude and low level of understanding can lead to continuously declining test scores and scientific understanding.


Students are not the only group who suffers from negative feelings toward science.  Many teachers, especially those who struggled with science as a student, carry poor attitudes toward science themselves and pass these on to their students.  These views on science from educators may have come from poor instruction they, themselves, received as students. Thus, reinforcing the vicious cycle we see in science education.  For teachers to overcome these negative attitudes, their instructors must turn these ideas into positive learning experiences (McGinnis et al, 2002).

Research Questions


Many of today’s teachers, especially elementary teachers, have the ability and necessary background to be effective science teachers.  Many teachers will tell you they teach the way they were taught.  In the case of science, how many of these teachers did not receive adequate instruction as a student?  


In order to deal with these issues, this paper will address the following questions:

1. Does increased content knowledge improve attitudes toward science?

2. When given instruction specifically designed to improve teachers’ skills in science education, how do attitudes toward teaching science change?

Methodology

In this study, I examined the pre-post test scores of two graduate level summer immersion classes which ran concurrently in the summer of 2003 at State University of New York, College at Buffalo.  These classes were designed for the current elementary teacher and teacher candidate to assist them in becoming proficient in teachers of physics.  One course, Physics 507 “Teaching Mechanics for K-8 Teachers” is listed as a physics course and gives the students a better understanding of physics and the nature of science.  The other course Education 671 “Constructing Science Understanding” focuses on effective teaching methods for science and compares elementary age students understanding of scientific principles.  Both courses offer a view of physics which is foreign to many students.  They are based on a more qualitative and conceptual curriculum than a traditional university level physics course, which deals with mathematical and quantitative analysis.

To minimize sources of error, these classes were chosen specifically because of their homogeneous nature.  Of the twenty-eight students involved, all students in these classes were of Caucasian background, over 90% were female, and were enrolled in a program of very similar career interest and direction.  Therefore, this study does not attempt to represent attitudes and beliefs of students from various ethnic and socio-economic statuses.


At the beginning and end of every two week session, all students were given the following five tests designed to evaluate several aspects of teaching science.  

1. Force Concept Inventory (FCI)

2. Maryland Collaborative for Teacher Preparation (MCTP)

3. Lawson test for scientific reasoning

4. Science Teaching Efficacy Belief Instrument-Form B (STEBI-B)

5. Epistemological Beliefs Assessment for Physical Science (EBAPS)

Each instrument evaluates a value or skill which is important to science teaching.  

The FCI measures conceptual understanding of basic principles in mechanics.  The MCTP looks at beliefs and attitudes about science, mathematics, and teaching these subjects.  As stated, the Lawson measures one’s scientific reasoning ability.  The STEBI evaluates self efficacy and outcome beliefs, and the EBAPS shows an epistemological viewpoint of beliefs.

DATA AND RESULTS

Though they measure two different effects, the FCI and Lawson test are similar in how they evaluate an individual’s capacity for concepts and reasoning, unlike the other instruments used which compare thoughts and attitudes.


Created by David Hestenes, professor of theoretical physics at Arizona State University, with the help of two high school physics teachers, Malcolm Well and Gregg Swackhammer, the FCI makes students choose between common sense and Newtonian mechanics.  All of the questions are conceptually based, focusing on kinematics, Newton’s laws, and the nature and characteristics of force.  The Classroom test of Scientific Reasoning was designed by Anton E. Lawson in 1978.  This instrument was developed by research from Piaget, to test one’s ability to use logic and reasoning skills to solve scientific problems and questions.  

Table I: Force Concept Inventory Scores
 (Maximum score-30)
	
	Average (M)
	SD

	Pre-test
	8.18
	6.02

	Post-test
	14.89
	5.98

	Gain
	6.71
	3.29

	Normalized Gain 
	0.33
	0.17



The results displayed in Table I outline a significant increase in post-test scores, increasing by over one standard deviation from the pre-test scores (G=6.71; g=0.33).  These results show a definite, overall increase in conceptual content knowledge during the course of instruction.

Table II: Lawson Test Scores (Maximum score-24)

	
	Average (M)
	SD

	Pre-Test
	14.89
	3.86

	Post-test
	15.93
	3.66

	Gain
	1.07
	3.34

	Normalized Gain 
	0.04
	0.55



While content knowledge increased, the Lawson test of scientific reasoning did not yield desired results.  The results in Table II show that students’ gain in scientific reasoning was negligible (G=1.07, g=0.04)


Unlike the FCI and Lawson, the MCTP, EBAPS, and STEBI assess students’ beliefs and attitudes toward teaching mathematics and science.  What makes the MCTP, STEBI, and EBAPS so reliable is their similarity to the Likert-Type Survey. This type of survey is desired for this type of procedure because it contains advantages such as the economy of design, rapid turn around in data collection, and the ability to identify attributes of a population from a small group of individuals (Creswell, 1994).   The MCTP divides these thoughts into five categories:  

1. Beliefs about mathematics and science.

2. Attitudes toward mathematics and science.

3. Beliefs about the teaching of mathematics and science.

4. Attitudes toward learning to teach mathematics and science.

5. Attitudes toward teaching mathematics and science.
The statements in each sub-category either have a positive tone (I like teaching mathematics and science) or a negative tone (Teaching mathematics and science scares me).  Similar to the Likert scale, students are then asked to rate their answers based on a scale of one (strongly disagree) to five (strongly agree), one being the most favorable for negative statements and five being most favorable for positive statements.
Table III: T-Test Analysis-MCTP

	
	Pre-test
	SD
	Post-test
	SD
	gain
	t-test

	Overall score
	151.75
	6.79
	161.82


	5.62
	10.07
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	Beliefs about mathematics/

science
	 56.29
	4.32
	60.14


	4.43
	3.86
	
[image: image2.wmf]

	Attitudes toward mathematics/ science
	 23.86
	3.12
	24.89


	3.37
	1.04
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	Beliefs about the teaching of mathematics/ science
	 40.04
	2.09
	42.14


	2.09
	2.11
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	Attitudes toward learning to teach mathematics/ science
	 18.64
	3.98
	18.68


	2.70
	0.04
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	Attitudes toward teaching mathematics/ science
	 12.93
	13.07
	15.96


	12.98
	3.04
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The analysis in Table III showed some interesting results.  The teacher candidates show a significant change in beliefs about mathematics/science (p=0.01) and beliefs about teaching mathematics/science (p=0.01).  The attitude towards mathematics/science or the attitudes toward learning to teach mathematics/science did not show any significant results.  However, the student’s attitude toward teaching mathematics/science also showed a significant change (p=0.01).  


While looking at attitudes and beliefs, I also examined effectiveness, how new teachers view outcomes, and their view of the nature of knowledge.  The STEBI was created to assess teachers views about how effective they are and what general practices do they feel are successful methods.  The STEBI is sorted by two classifications:

1. Personal Science Teaching Efficacy Belief.
2. Outcome expectancy.
The EBAPS was designed to evaluate the nature and foundations of learning and knowledge.  This instrument is separated into five axes:

1. Structure of knowledge.

2. Nature of learning.

3. Real-life applicability.

4. Evolving knowledge.

5. Source and ability to learn.
Similar to the MCTP, the STEBI and EBAPS also asks teachers to rate a series of statements from one to five (strongly disagree to strongly agree).  Also like the MCTP, some statements have a positive context, others are negative, and are also evaluated similarly.  The results we found with these last two assessments were also significant.

Table IV-T-Test Analysis (STEBI)

	
	Pre-test
	SD
	Post-test
	SD
	gain
	t-test

	Overall score
	64.11
	9.55
	50.54
	9.77
	13.57
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	Personal Science Teaching Efficacy Belief
	35.54
	9.67
	24.75
	6.12
	10.79
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	Outcome Expectancy
	28.57
	5.29
	25.79
	5.81
	2.79
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The results of the STEBI showed the most consistent results of all the assessments used.  In Table IV, both categories, as well as the overall results, showed a vast increase in confidence of the teachers examined (p=.01).  Their self-awareness of teaching science effectively and the results they expect increased dramatically.  
Table V- T-Test Analysis (EBAPS)

	
	Pre-test
	SD
	Post-test
	SD
	gain
	t-test

	Overall score
	2.83
	0.27
	3.09


	0.24
	0.25
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	Structure of knowledge
	 2.74
	0.33
	3.09


	0.30
	0.35
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	Nature of learning
	 3.06
	0.48
	3.28


	0.49
	0.22
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	Real-life applicability
	2.35
	0.57
	2.44


	0.51
	0.09
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	Evolving knowledge
	2.85
	0.81
	3.08


	0.63
	0.24
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	Source and ability to learn
	2.93
	.059
	3.21


	0.40
	0.29
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The EBAPS also showed significant differences in many axes, as well as overall.  The results in Table V shoe the structure of knowledge, the nature of learning, and source and ability to learn all showed reliable differences (p=.01, p=.02, p=.01 respectively).  While the overall results were significant (p=.01), the results for evolving knowledge and real-life applicability did not give any valuable outcome.

DISCUSSION

Based on the results, I believe the courses offered to teachers and teacher candidates provided a necessary step in higher scientific understanding.  The results from the FCI showed an 82 percent increase in the gain from pre-test to post-test.  This illustrates a definite improvement in conceptual content knowledge and understanding.  The Lawson however, did not show any statistically significant results.  When examining the raw data, one will notice a number of students obtained high pre-test scores.  This creates a ceiling effect for these students and limits the opportunity for a substantial gain.


Most groupings on the attitude surveys displayed results consistent with the content instruments.  The STEBI showed remarkable results, recording significant results in both categories as well as overall.  Likewise, the MCTP illustrated similar results of student beliefs and attitudes toward the teaching of mathematics and science.  

These results lend to a possible increase in confidence of new teachers to teach science in their classrooms.  This confidence is an important first step in reversing this vicious cycle of inadequate science instruction.  Many researchers say teachers teach the way they were taught.  If these new teachers have not received proper instruction in science in the past, we must give them the opportunity to gain this confidence in their ability to teach science.  This means giving them not only appropriate training in science teaching, but possibly some examples of lessons and demonstrations to take to their own classroom.

The results of the MCTP also showed though their beliefs about science and teaching science changed, their attitudes toward science did not.  Many of these young teachers have spent years with negative or indifferent attitudes about mathematics and science.  It would be somewhat arrogant to think a two week session could completely reverse their attitudes toward these subjects.

What I found disturbing was some of the statistical analysis of the EBAPS.  The overall results did show a relevant statistical significance however, two of the axes did not; real-life applicability and evolving knowledge.  Many teachers still seem to view science as a myriad of facts and calculations.  They fail to realize the subtle importance and application of simple scientific experiments using everyday objects.  This failure prevents their students to see the value of science outside the classroom and how it can be applied to everyday occurrences using simple language.


Further research may suggest more time must be spent on promoting more real life scientific applications.  I believe this could be valuable, but not to the point where the fundamentals of science are sacrificed.  The basics still must be mastered in order for this cycle of negative attitudes to be broken.
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