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PHILOSOPHY OF SCIENCE EDUCATION
By Vincent Todd Calabrese		(Edited May 7, 2001)
Nature of Science
Teaching science as in the teaching of any discipline is a multi-faceted endeavor filled with many considerations. A teacher needs to be as prepared as possible for what may happen in the classroom in terms of interactions between teacher and student and the students themselves. I believe that one of the most important traits that a teacher needs to possess is the ability to communicate effectively with others in such a manner as to promote teaching for understanding in the classroom environment. Since the nature of science teaching often involves the learning and use of new ideas and equipment, which aids in understanding key concepts in science, a teacher's ability to communicate effectively is crucial. 			Also, I believe that it is imperative for a teacher to have a love for his or her subject of expertise and a desire to continually acquire new knowledge and understanding in changes in scientific reasoning through reading pertinent journal articles. In addition, the teacher needs to be familiar with current changes in scientific reasoning and applications as well as changes in science education. This can be brought about through contact with colleagues and through teacher journals, magazines, websites, books, etc. This allows for the teacher to grow as both an instructor and learner and to hopefully pass that enthusiasm for the acquiring of knowledge onto his or her students. Once a teacher has lost enthusiasm and purpose for his or her science discipline, I believe that the teacher has lost a great deal of his or her effectiveness.   The teacher must keep with the spirit of the nature of science in being inquisitive.					I agree with others who believe that the present teaching times are such that the use of technological advancements will be key to learning how to acquire scientific knowledge. I feel that the nature of science learning today will be one of questioning and reevaluating the work of others in the past that have made claims towards understanding different aspects of science. This reevaluation will be aided by the use of technological tools, notably the computer. While some scientific understanding is no longer disputed (such as the fact that water is composed of 2 atoms of H and one atom of O), the nature of science today appears to me to be that new ideas are continually being added toward understanding older beliefs and facts in the hope of helping humankind. Thus, much of science today builds upon the notions and facts believed to be true at least at one time by others.								When speaking of science, one may have the idea of an older man in a lab coat working in a room filled with strange objects, bubbling solutions, and equipment composed of various parts and pieces. Or, one may think of someone working in an environment such as a forest, an industrial site, or at a university or other type of school. While these are merely examples of how some may view the role of a scientist, each person comes to a science class with ideas about what science is and what it is not. As a teacher, it is my task to ascertain what my students believe and know about what science is and to dispel any myths or falsehoods that they may come to my classroom with.
So, what is science in terms of how I presently view it based on the ideas of others and what do I want my students to understand about science attributes?
Science is dynamic.
Without doubt, science is under continuous change as new ideas are continually being added to update previous ones as well as new findings that refute or attempt to disprove past notions. To illustrate from my own personal experiences, I have done research with a professor of physical chemistry at Penn State DuBois that involved disproving the past belief that the amylose-iodine complex involves iodide ions in its formation and resulted in a publication in the Journal of Polymer Science. Of course, one can never say absolutely that the ideas of others who have investigated the amylose-iodine complex and its properties are totally wrong in their beliefs based on their findings. On the contrary, the work that was done built upon the previous findings and ideas of others. This is just one example of the many new ideas and applications that are constantly being put forth on a daily basis that effect all areas of science. One only needs to go to a library or go on-line and browse any science journals there to discover that science truly is a dynamic, ever-developing endeavor. With this in mind, no one person can claim to be an expert in all areas of science. One can only attempt to be focused on one or a few disciplines of science and then must often limit their expertise. The knowledge that a science teacher needs to keep up with all the changes in any one science discipline is one of the greatest challenges a science teacher must face.
Science is inquiry.
One can think of science as simply an investigation into how the physical world around us operates and affects us as individuals. Truly, with this in mind, one can see how science is indeed inquiry. The desire to know about the workings of something or how contact and interactions between matter results in changes in the universe are all events that need an inquisitive mind in order to interpret in any way. Curiosity also plays an important role in driving scientific inquiry. Without the desire to know, many important, life-impacting discoveries would never have been made. To illustrate, the work of George Washington Carver on the peanut and his curiosity into what could be done using this legume resulted in hundreds of potential uses of the peanut being determined. Surely, through his desire to know and manipulation of ideas, Mr. Carver drove himself to determine practical applications of this nut. Similarly, science itself impels us to investigate and constantly be inquisitive, curious creatures of our world around us.  I have seen myself grow in curiosity of how matter interacts with other matter over the years.

Science is a community effort.
As mentioned under science is dynamic, the work that scientists do is almost always linked to the ideas and developments determined previously by others. Thus, scientists build new ideas and findings with reference to those of others. As mentioned in the American Association for the Advancement of Science's Project 2061 Science for All Americans, science occurs throughout the world in many different settings. These settings allow for scientists to interact continuously with each other and facilitate the transmission of ideas. New findings are continually being published in journals and talked about at conferences and also at more informal settings such as whatever means of communication whether oral, phone, mail, or e-mail available. The aim of things such as these is to promote increased awareness of new science as related to past science and the changes that have occurred in understanding a scientific concept or application.		While I presently believe science to have those traits listed above, it is important for one to distinguish between science and technology. Technology is the application of science to a common goal for the betterment of the human experience. For example, the development of antibiotics is a major advancement in attempting to improve the health of many individuals. It took the scientific understanding of such people as Leewenhoek, Pasteur, and many others to develop the application of their ideas towards preventing the growth of microorganisms that cause harm. This example illustrates how science can lead to technology. However, often technology is responsible for new science. To illustrate, the technology tools of the spectrophotometer and pH/ion meter can be of great aid to a chemist studying aqueous solutions of iodine. The new science regarding this element could not be accomplished had it not been for the technology. Thus, an inseparable bond often links technology and science in the majority of cases where science is applied.											Just as science and technology directly affect each other, human values and morals affect science and sometimes vice versa.  What we as humans believe to be important and beneficial to us is reflected in our science and technology. We often value our physical and mental health and many areas of scientific inquiry such as medicine and psychology are evidence of this. Also, we value the ease and comfort that we can have in our daily life. Science and technology have made great strides in the past century towards enormously improving these as well as many other areas. 							While science has often been used for good, there are instances where science has been used for evil and harm towards human life and welfare. The science and technology implicated in Adolf Hitler's final solution towards the extermination of the Jews in German occupied territories is evidence for this in its crudest form. It is my belief that science should never be used to cause harm to another person but rather to benefit them in ways that are kind and thoughtful of each one's needs.  A teacher needs to be concerned with having student’s develop standards for the use of a technology as it relates to helping others.		All science has the potential to aid others as well as offer as truthful explanations as possible of the world around us. Each science has the goal of offering explanation and understanding of many of the things that are both seen and unseen. In addition, sciences often are interrelated to each other. For instance, the phenomena of light can be related to biology, physics, astronomy, and chemistry through a particular event such as photosynthesis for biology, photoelectric effect in physics, a star's temperature, luminosity, and composition in astronomy, and the photoreactive molecules in chemistry. While scientific disciplines are interrelated, they are also distinct in that they each contain the practices and information often necessary to explain phenomena as well as laws and theories that allow for new discoveries and ideas to be developed.											As mentioned above, one characteristic of the nature of science as I view it presently is that science is dynamic. Science continuously seeks to further elaborate on and develop new beliefs and explanations for physical events. Science does not occur in a vacuum in order to allow for acceptance of new ideas and applications by other fellow members of the scientific community. New ideas that scientists put forth are often placed under close scrutiny by fellow scientists. In order to publish their work and investigations/explanations/applications in scholarly journals, a scientist must provide meaningful evidence to support and verify his or her claims that what he or she has achieved is worthy of consideration by other scientists. Scientists deemed as competent by for instance the scholarly journal, which the scientist hopes to have his or her work published in, do this through review. Thus, the science that is published is often that which is done by those who have a certain amount of competence (often those with a doctoral degree and those who work for the scientist in helping him or her with his or her investigations) in a particular area of science.												Of course, one does not always do research as the only career for a scientist. Scientists teach at universities and colleges. They work for industries, government, and in private labs. A scientist may be hired to work on a proposed problem or project that needs the knowledge of a particular scientific discipline to help solve or complete it. Sciences are truly important towards helping to perpetuate the quality of life that we have now and hope to have in the future.
The Nature of Chemistry
Without doubt, I believe chemistry to be an important discipline for all people to know and understand in order for them to relate more effectively to the world around them. Chemistry is the branch of science that all other science related disciplines can draw from. Chemistry has been called "the central science" in that it is related to and provides understanding and direction towards all other science disciplines including biology, physics, geosciences, and astronomy. Chemistry is the study of what makes up our world and how this chemical makeup can be changed and used to our benefit as a result. Throughout all of chemistry is the common theme that matter (anything that has a definite, known existence) can and will undergo changes that result in a different substance with new properties being formed.  Chemistry concerns itself with the chemical and physical changes that occur as well as the chemical and physical properties of those involved.									In order for a new substance to be formed from one or more other substances, a chemical or nuclear change must occur. A chemical change involves the rearrangement of atoms and their bonds to one another from that of the original starting material or reactant. A common chemical change that most people are familiar with is the rusting of metal surfaces that have been exposed to water and air over a period of time. In the rusting process, the metals present in a material (often iron, but could be other metals as well like copper) combine with the oxygen in the air, which is dissolved in the water present to allow for a chemical change. The compound produced is ferric oxide (Fe2O3). It is this process which occurs at slowly at ordinary temperatures that is responsible for the element iron only very rarely being found as a free element in nature. Nuclear changes involve the spontaneous breakdown of an atom into particles, which are lighter than those initially present (this is the process of fission) or can result due to the formation of one or more heavier particles from those of a lighter mass (nuclear fusion). Both these processed result in new atoms forming along with the production of energy. It is this tremendous amount of energy that has been applied and is continually being studied that has made nuclear chemistry's mark on the scientific scene. I would choose to cover nuclear chemistry to a lesser extent than non-nuclear chemical change as the latter occurs much more frequently in the activities of daily life for the majority of individuals.			It is chemical changes like the rusting of iron which chemistry concerns itself with.   The fact that iron rusts when exposed to air is a chemical property of iron.  Through an understanding and relation to chemical change due to chemical properties of the substances involved, other aspects of chemistry can be understood including chemical bonding, the periodic table, catalysts, the structure of atoms and molecules, as well as the foundations for life itself as we understand it to be. As a chemistry teacher, it is my hope to have students acquire an understanding of the chemical processes responsible for everyday events such as rusting and respiration. The chemical change and what distinguishes it is a very important concept that I would like my student's to be able to grasp and apply throughout my teaching and their future lives.   Standards for what to teach regarding chemical change can be found at the National Science Education Standards website.											Chemical change is not the only change, which my students would need to understand fully in order to have a working understanding of chemistry. The other main area in which chemistry concerns itself is the conversion of a given substance to different states or phases. This is termed physical change.  When physical change occurs, the substance undergoing the change maintains its identity.   It is physical changes and their relationship to other chemistry related concepts that are responsible for such events as the water cycle, the sublimation of dry ice, and the cooking of foods with water. Physical change, like chemical change is also all around us. The four states of matter that can exist on earth including solids, liquids, and gases as well as plasma (which has been made only in the laboratory) all play a major importance in the way in which our very lives are based upon and affect us daily. It is the practicality of physical change that results in it being a worthwhile aspect of chemistry to understand and explore. Understanding of physical change can lead to understanding of other key science concepts such as energy conservation, intermolecular forces of attraction, molecular structure such as the crystal lattice in salt crystals, and the development of laws that define the ways and mechanisms in which physical change can occur such as the gas laws and the laws governing the changes in the structure of a substance upon the heating and cooling of it. Physical change is the foundation for the understanding of these and other concepts which I would want for my students to comprehend and apply in the classroom and their outside environment.			In the interactions of matter with other matter, chemical, nuclear, and physical changes often occur simultaneously, and this has allowed scientists to have a greater understanding of the structure and properties of many of the millions of compounds known to exist as well as a tremendous number of known reactions. It is this foundational understanding of the physical, nuclear, and chemical changes that are responsible for the state and existence of everything we see or detect the presence of through some other means that I would want for my students to be familiar with and investigate in the classroom laboratory.  Students must be taught the tools of scientific inquiry in order to do this most effectively.
Nature of Science Learning
My view at the present is that science learning should involve the teacher acting as a guide in each student's searching for scientific understanding and development of reasoning skills. Due in part to the nature of science as being in part based on inquiry, I would attempt to implement as many hands-on experiences to my science learners as possible. I believe that the laboratory classroom should "be a place for inquiring, for developing and testing assertions, for practicing 'the way of a scientist' as was done during the Sputnik era reform in science education as mentioned in "The School Science Laboratory: Historical Perspectives and Contexts for Contemporary Teaching" by Vincent Lunetta. With the lab being a prime focus of the classroom, a task of the teacher is to incorporate as much instruction and development of ideas from his or her student's work in the investigations as possible. Based on research in science education in the 1980's, the means of student acquisition of knowledge and understanding in science can be facilitated by application of the constructivist theory. The constructivist view emphasizes the role of a student's prior knowledge as being necessary towards moving the student forward in his or her science learning. New experiences offer a chance for the construction of "concepts and patterns" which can allow a student to develop a conclusion as to why he or she observed what he or she did and saw (Lunetta). 				With these ever evolving ideas of students, hopefully the science teacher will be capable of directing students towards the discovery of either absolute or relative explanations of the physical world around them. While many explanations are theory rather than law, a teacher needs to be concerned that students leave his or her classroom with a view of the world that is accepted by science as having validity as well as being open to question new ideas as well as previous explanations proposed by scientific endeavors.											The ability of a teacher to engage his or her students in meaningful science learning and inquiry is of utmost importance. It is well known that when someone does not possess for himself or herself an active, interest-driven motivation to learn, he or she is much less receptive to a teacher's instruction. Thus, a teacher should tailor his or her actions and activities for students in a manner that promotes and motivates their curiosity and desire to know. The tools a teacher can use to engage his or her learners include but are not limited to demonstrations, a student-centered investigation, an open-ended question, a story relating the relevance of a topic, a brief assessment quiz to get students to express their ideas about a topic on paper, or some form of positive reinforcement and ultimately what the teacher discovers that works to cause student's to become interested as well as motivated to learn for a given topic. This acquiring of a learner's attention is a key to a teacher's effectiveness.									The attention that I personally give to science as a learner is mainly due to my own curiosity and interest in scientific endeavors, especially in the area of chemistry. Since I was a child, experimenting with chemicals has always given me a sense of excitement and satisfaction. I have done and continue to do my own qualitative investigations of matter in my free time. This has resulted in both knowledge and a desire to learn as much as I can about chemistry. Chemistry as is any scientific discipline is so encompassed with knowledge and changing ideas that it is virtually impossible for any one person to be in tune with all the knowledge known as well as new knowledge that comes on a daily basis. I have mainly focused a part of my present science learning on research in the area of iodine chemistry along with a professor of physical chemistry at Penn State DuBois. My work with him as resulted in two publications regarding new ideas about the element iodine in aqueous solutions. This research has helped to shape me as a science learner through its revealing to me that science is truly dynamic and while laws remain in textbooks, theories abound. These theories attempt to increase understanding of a given topic as well as attempt to disprove the beliefs and/or findings of others. The ultimate goal of this should be a desire and an attempt for the truth to be revealed.											As mentioned, science is truly a dynamic process and discipline. When I learned science in high school, technology in the classroom was showing signs of having increased emphasis placed on the implication of computers in ways previously not seen as possible or viewed as necessary. To illustrate, in the early 1990's, software use in the classroom while present was not widely used neither was the World Wide Web. I know from experience that the science classrooms I was in did not implement computers in the study of science until I was a senior in high school. Now, the computer can be and is being used as a major tool in the study of science including inquiry-based activities for students. Thus, at present, I feel that students who will learn science in the future will in general have the technology tool of the computer to facilitate and guide their learning as happened with other technology tools in the past such as the calculator in the 1970's.											Based on my personal experience with science learning as a student, I believe that science learning should be as lab centered as possible. I would want my students to see the principles that I teach about and help them explore these in a manner that promotes investigation and inquiry. I would prefer focusing on a smaller amount of information but in a more in-depth manner with time set aside for student-student and teacher-student interactions. Presently, I understand science learning to be a hands-on, continuous endeavor at interpreting our physical world. In terms of a learning theory for explaining how students learn science most effectively, I presently have been taught to focus on a constructivist view of learning in which students build their understandings using previous knowledge to relate to new concepts and ideas in a manner that is compatible for each. While replacing incorrect concepts with correct ones can be a challenge, a students needs to be open to accepting the truth when he or she is faced with the choice between conflicting ideas, i.e. their ideas with the proposed explanations of science. The school science lab is one place to dispel the myths students often come to class with and replace them with meaningful explanations that may be viewed as correct and truthful.						In addition to the lab, technology tools notably the computer can be a useful resource for a science teacher. There are many helpful, learner-minded websites that in part offer science teachers and students the capabilities to understand more about science. It is a task of the teacher to weed out and determine which sites offer the greatest potential towards promoting student understanding. Also, many software programs can be used as supplements to student learning as well as having some use in general teaching. However, I believe that these should never be used to replace inquiry-based lab activities in totality unless deemed appropriate due to a student having special needs.						Keeping inquiry in mind, student assessment should not be limited to paper and pencil tests. I would hope to incorporate much of my student's evaluation on his or her ability based on he or she being a curious and questioning learner regarding the physical world as he or she sees it.  I would attempt to implement authentic assessment such as given a task, can the student think and investigate as a scientist would the problem proposed in such a way as to attempt to find a solution or solutions that have the potential to be applicable in addressing the problem(s) at hand. Since much of science is done via interaction with others, students would be expected to cooperate with their peers to meet a common goal and would be assessed based on such things as being considerate of others, their input towards meeting the proposed learning goals, and communication skills. While I would not phase out paper and pencil tests, their use would be kept at a minimum as I would want my students to be evaluated based mainly on not only what they know but also on how to implement that knowledge towards solving problems and in investigative activities.  This is quite challenging as inquiry takes time, and time is often limited in the classroom.
Nature of Science Teaching
A science teacher as any teacher should set reasonable, thoughtful goals for his or her students. One of these that I hope to implement is for my future students to acquire and develop an inquisitive mind regarding the physical world around them. I desire for my students to discover and cultivate the idea that science can be a fascinating endeavor with interesting aspects to motivate the learning of all. With this in mind, I would like to make the point to my students that science and their world around them is understandable and offers benefits for all. Since many of my future students will not pursue a career in a science-related field, I would desire for all students to leave my class with a critical knowledge of how to make decisions about science and technology and how it can be applied and ultimately effect their daily lives. Since science is continually changing, they would need to have a truthful foundation of science concepts in order to aid them in evaluating the aspects of science and technology that can impact their understanding of the world and their way of life in terms of health, standard of living, beliefs (religious and moral for example), and their place and possibly role in society. It is the ability to effectively critique the changes in science and a view of the physical world as being both understandable while yet being ambiguous in certain respects that I would want for my students to come to a conclusion regarding. Science can be viewed through the eyes of different people in terms of their application of it to their employment and their work's goals and needs.										The science that occurs in schools, i.e. school science, is mainly the science that I as a teacher will be focused on. School science involves the teaching and application of known ideas, procedures, objects, etc. that have been determined mainly by expert scientists towards helping the young investigate their ideas and directing them toward the understandings of expert scientists. Expert scientists are those who by profession apply science that is known and/or try to develop new understandings and/or technologies (tools for human use not necessarily limited to those who are scientists). These scientists work in a variety of settings and use a variety of equipment and strategies to meet the goals of their job and/or investigations. To illustrate, college professors in a science-related field are often concerned with research that involves an attempt to develop new ideas and understandings of a given topic or concept. They may also be concerned with developing new technologies. Many industries apply the expertise of scientists in solving problems they encounter or for the application of their skills towards manufacturing a product or providing a service.		Of course, one does not need to be an expert scientist to use science on a daily basis. Most people have certain knowledge and understanding about science and technology that allows them to apply these to their lives on a daily basis. For many people, science offers a means of explanation for events that they observe such as why snow melts or why the seasons change. In addition, many people use basic science principles to solve problems that they encounter in their environment such as preparation of food or the use of fertilizers, household cleansers, disinfectants, and other household chemicals. In this sense, science is not limited to any particular group of people but is capable of being applied and understood by all in their daily lives.												Lastly, science in the school can involve aspects of both people science and expert science. The science classroom should offer a means for student exploration of materials, equipment, and concepts related to science. While the student may not be making breakthrough discoveries, the science centered in schools allows for a student to develop the concepts of expert scientists for themselves through analytical, inquiry-based instruction. School science should permit students to develop their own beliefs about why things happen as they do and apply technologies for the purpose of acquiring information and understanding. Students should be given a degree of autonomy in terms of developing their own experiments to test their ideas regarding the physical world. Also, students should see how they could use science to aid in practical problem solving for tasks they encounter throughout their lives and possibly at present. As a teacher, I would want to choose activities that not only involve development of science concepts but also have activities that reveal the practicality of science to a person.				There are several views that I have about science itself that will give direction and focus to my teaching. The nature of science that affects my teaching is bolded and italicized in the above Nature of Science section. The main one that I will try to focus my learners on is that science is inquiry. This is one of the standards that science teachers might want to impress on their students based on the National Science Education Standards. In our times today, the changes in science and its ideas about our world often occur due to people's curiosity and/or desire to know regarding something that provides the incentive towards reaching their goal. In order to reach their goals, scientists apply investigative strategies to seek for a possible solution and/or explanation for a given problem. It is these investigative strategies that I hope to teach and guide my students towards discovering more about through inquiry, curiosity driven tasks in which the student has to think about how he or she can implement what he or she knows towards a discovery or a possible solution to a problem.							As a teacher, helping my students reach the goals that I have for them is of utmost importance. To help all my students achieve, I would need to determine how each of my students as an individual, unique person may learn and investigate science in ways that are both meaningful as well as fruitful. This is a very difficult task for a teacher to do, but not impossible. Having student-teacher conferences at the very beginning of a school year can provide a teacher with valuable information as to how to go about applying lessons and science learning activities that would be conducive to most students. While addressing all the individual needs of a classroom full of students is virtually impossible, a teacher should strive to create a learning environment that is helpful and flexible for all pupils. I would want my students to feel that my classroom is a safe place to engage in learning and thinking as well as activities that promote understanding and truth. Also, it is my hope that students would feel free to express their ideas and concerns regarding science. The learning environment would also need structure with the teacher providing for the implementation of work done in a laboratory setting with students having a degree of autonomy to carry out an investigation in a manner that is to them most conducive and safe with teacher input. In any science classroom, safety of each person present should always be stressed and the materials and rules necessary to promote a safe and healthy learning environment be put in place.						With regards to teaching of a concept such as classroom safety, a teaching model may provide the foundation for a teacher's instruction. One teaching model that I have some familiarity with is the Karplus Learning Cycle Model. This model was developed by Robert Karplus and his colleagues in the 1960's and consists of 3 learning phases: exploration, explanation, and application. According to Bybee and others in Teaching Secondary School Science: Strategies for Developing Scientific Literacy, research done by Anton Lawson indicates the Learning Cycle "provides opportunities for students to reveal prior knowledge and opportunities for students to argue and debate their ideas. This process can result in cognitive disequilibrium and the possibility of developing higher levels of reasoning" (236). Through the use of one learning activity that used the Karplus Model, I presently see how teaching models can be useful towards replacing incorrect concepts with those that are more in line with science. Also, models can promote student interest in the materials to be investigated. The Learning Cycle Model is the only teaching model that I have directly put into practice, and I hope to possibly try other teaching models in the future.			Through the use of such things as models, I would want for my students to make progress towards the understanding and practice of science. In order to determine student progress towards my learning goals for them as well as provide meaningful feedback towards what I view as their progress, I may choose to have a checklist implemented in which students rate what their views are as to their success and progress in their study of science. Also, I would attach or have included my thoughts and views as to how I see them presently as a science learner in terms of goals that I would desire for them to reach. Not only would these checklists serve to let me know what each student and/or the class as a whole needs to focus on and work towards better understanding, but also this assessment tool would hopefully reveal to me changes that I need to make in my teaching and goals for my students. This is so that they can be more engaged, successful in learning, and actively involved with others in an effort of understanding science.			My experience as a science learner being taught by others has revealed to me several ideas that I have applied to become a successful science learner and student. One of these principles is that science is often challenging and considerable time must usually be dedicated towards understanding and learning about it. While abilities differ, I have found that the students who are most self-motivated to learn, are willing to seek additional help, and have a positive attitude towards learning can be successful in science learning. For me as a student, science for the most part has been usually understandable as well as enjoyable as long as I strive to understand it. As a science teacher, I will need to take into account the differing abilities and motivations that my students have towards learning science. Also, I will need to be concerned about effective strategies towards evaluating my student's learning. These strategies in part will be based upon my own experiences with teacher evaluation of my science learning. I feel that overall my science experiences from elementary grades through high school were useful in helping me understand about science as well as have a curiosity regarding concepts in science.					Of course, not everyone is going to be as motivated as I believe I was towards learning science. One aspect of this is in terms of culture, socioeconomic status, and gender of each student. It is my hope as a science teacher to engage all my students without showing favoritism or partiality towards anyone in particular. I do realize, however, that this can be difficult at times but there are strategies that can be used to ensure science for all. For instance, since female students are often at risk for lack of interest in science, I would need to take special measures to encourage them to have a positive science experience in which they would view science as not having to be a male-dominated discipline. Knowing that girls generally have different interests in science related topics and investigations than boys would cause me to want to try and focus on lab activities and topics that would be of interest and relevance to both male and female students such as synthesizing perfume and cologne.								In terms of culture, knowing how certain cultures stress learning and interaction with others would be helpful to me as a science teacher. As mentioned in Teaching Secondary School Science: Strategies for Developing Scientific Literacy, when possible a teacher should be wary of learning styles for people of different ethnicities that are present in his or her classroom. When possible, a teacher may want to ask each student what he or she believes should be expected of him or her and make a contract with the teacher regarding these. Following this, the initial observations of a pupil's response to instruction and lab activities can provide some necessary information as to where a teacher may choose to implement changes to foster and keep student learning on track with the learning goals desired.						In addition to keeping student learning on the right path towards better understanding, a teacher needs to be concerned with his or her professional growth as both an instructor and learner. It is my desire as a science learner to try and keep up to date with new scientific, technological, and educational practices, ideas, and innovations regarding science teaching. Belonging to an organization for science teachers as well as subscribing to journals and magazines pertaining to both science and science teaching would be of great aid to me as both a learner and teacher. Never would I want for myself to become stagnant as a learner and rarely if ever learn about ideas pertaining to science and its teaching that I might apply to my classroom. Fostering relationships with other teachers towards becoming as effective a teacher as I can be would be actions I would like to take throughout my teaching career. In addition, pursuing a relationship with a professional scientist as I have attempted to do with Arshad Khan who is a professor of chemistry at Penn State can provide valuable information as well as suggestions towards what I may want to change and implement in my classroom. Continuing my education in the field of chemistry and possibly in science education would almost certainly benefit me as a learner and teacher.						As to how I would want to present myself to my future students, I would want be someone whom they can trust and feel safe to be in the presence of. I hope to be open towards their concerns as well as be considerate, friendly, and truthful in what I say and do regarding science and my classroom demeanor and actions. With regards to qualities I would hope to have and apply to my teaching, I would want to be a genuine friend towards each of my students. A teacher who is a genuine friend is one who is always willing to listen to a student's needs and attempt to fulfill those needs or give direction to the best of his or her ability. For example, a student may be one who is ridiculed by other classmates, despised, and even rejected. In spite of the views of others, a teacher who demonstrates a desire to be amiable to this student shows by example how others in the class should act towards that student. 					Friends not only comfort one another but also are fun and pleasant to be with. A teacher who is friend should feel open towards laughing with his or her students and talking openly and freely with them. This trait should result in a teacher not ridiculing a student in front of others but instead confront him or her if necessary at a proper time. A friendly teacher also is willing to forgive students for the mistakes that they make and not resent any particular student to the point where the instruction and learning of that student is not seen as important as what others are given. Conversely, when a teacher does make a mistake and a student brings this to his or her attention, the teacher should be honest and tell whether the action that he or she made was correct or not and apologize if necessary.						In addition, an effective teacher is one who can be a counselor. A counselor is one who wisely gives not only advice but also direction to someone who may be in need of assistance. A student may have a question that he or she desires an answer to and decides to turn to a teacher that he or she trusts and feels confident in the direction he or she will receive from that teacher. The teacher then should, to the best of his or her ability, answer the proposed question or offer advice honestly without making the student feel stupid or being an inconvenience for asking a question or requesting advice. In being a counselor, an effective teacher should nurture talents and abilities he or she sees in each student. This means telling a student, "I see a potential for this in you. Have you ever considered wanting to do this?"					Above all and in my opinion, an effective teacher needs to be an example in action, attitude, and speech. His or her students are continuously monitoring the teacher as to how he or she handles a certain situation. What a student sees from a teacher may be exemplified in the student's life. For this reason, a teacher should watch himself or herself regularly in order to judge whether or not he or she presented the wrong attitudes, actions, or speech to his or her students before, during, and after a confrontation or situation that merits consideration. This may mean that a teacher needs to apologize to a student due to the teacher's wrong way of handling things. While this may be seen as difficult to do and unnecessary to some, I believe that the above should be done when necessary. Setting an example needs to be a major priority of a growing teacher.

 
 


