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Abstract

Four approaches to teaching physics and the history of physics are examined. Science, technology, and society (STS); history and philosophy of science (HPS); and inquiry-based approaches are identified as three significant approaches in contemporary teaching of high school physics.  Elements of these three approaches address the weaknesses of the fourth approach, traditional non-contextual instruction. Further, STS, HPS, and inquiry based instruction better address the National Science Education Standards created by the National Research Council and the Washington State Essential Academic Learning Requirements than does the traditional approach.
Approaches to Teaching High School Physics

In this paper, different approaches to teaching physics are examined. The term approach is used in this paper to signify a cohesive set of beliefs used to make decisions about content and methods. Understanding physics is important as a part of having a scientifically literate society. The development and application of approaches to teaching physics should be responsive to changes in the topic and in society. It is important for teachers to be informed about the various approaches to teaching physics so their students can be most successfully encouraged to develop their understanding of principles that are within physics and also across all science disciplines. Effective teaching of physics will allow students to personally develop the foundational scientific understandings essential in our increasingly technological and scientifically complex society. The focus of this paper is not on experimental studies on the effectiveness of the various approaches, but rather, its focus is on finding which approaches occur frequently in the professional literature and the rationale in the literature for their use in the classroom. 
Research of the literature reveals the differences and discord between traditional physics instruction and other approaches, and how various approaches to physics instruction can be effective. The approaches considered in this paper were chosen because of the frequency of their appearance in the literature. These approaches are the science, technology, and society (STS) approach, the history and philosophy of science (HPS) approach, and the inquiry-based approach. They will be examined in the context of the traditional physics approach. 
Traditional physics teaching is defined by Lijnse et al., (as cited in Wilkinson, 1999b) as consisting of blackboard lectures with many mathematical calculations and few demonstrations or activities for the students. Donahue (1993) writes that historically physics education has been almost all decontextualized, focusing on abstract academic concepts and passive learning.

According to Gunstone (as cited by Wilkinson, 1999b), the science technology and society approach (STS) is defined as teaching physics within the context of everyday social and personal experiences. This approach gives context to physics by showing students how physics concepts connect in a relevant way to their own lives and the world they live in. It can be presented in ways to show how physics can be incorporated in the classroom as a tool to address broad questions in society (Wilkinson, 1999b).

Matthews (1994) defines the history and philosophy of science (HPS) as an approach that is about understanding how scientific knowledge is built. This approach teaches by providing the historical context to the learner, i.e., the context in which the concepts and principles of physics were developed. Teaching with the HPS approach educates students about the growth of scientific knowledge and the factors that directed that growth (Turner & Sullenger, 1999).

Inquiry-based science is student-centered learning that involves the investigation of questions directly by the student. Donahue (1993) defines inquiry-based teaching of physics as an approach where students will experience physics as an unfinished and evolving pursuit, and where methods of inquiry of physics are promoted in a challenging and satisfying way.
To help the reader better understand the distinctions between these approaches, the following is an example of how the teaching of Isaac Newton’s first law of motion, universally taught in basic physics courses, would be influenced by each approach. Newton’s first law states that if the forces on an object are balanced and the object is at rest, it will remain at rest, and if the object is in motion, it will maintain the same motion. With traditional physics instruction, the student might be asked to memorize this law after the teacher had explained it. In the STS approach the student might learn about how this law applies to automobile safety related to the physics of car crashes. In the HPS approach the student would examine how concepts about motion evolved prior to and during the time of Newton and attempt comparable experiments from that period. In the inquiry-based approach the students might perform their own investigations of objects in motion, such as observing and hypothesizing about the motion of a ball inside of a moving wagon.
Literature Review

History

The widespread social and environmental impact from the structured study of physics is a relatively recent development. From the studies of Aristotle and Archimedes, Galileo, Newton and beyond, the increase in our understanding of physics and its human application to the world around us has caused dramatic changes. In the past 40 years there has been an increased interest in teaching physics in ways that make it more accessible to a wider audience of students (Turner & Sullenger, 1999).
 How physics has been taught has been impacted by its growing importance in our increasingly technological society. Stevens (1990) explains that in the early 1800s, the expansion of industry spurred the need for workers with technological, mathematical, and scientific knowledge. Despite the need for greater knowledge of the principles of physics, even by many of those implementing the vast technological changes based on those principles, physics education was inconsistent and minimal. Rapid technological expansion occurred in an environment of apprenticeships and mentoring, which predominantly used isolated methods of knowledge transmission that led to haphazard and inconsistent education and training. It was not uncommon for people involved in the use of new technology to have had no academic training even in the elementary mathematics required to understand its use. Academic and professional education was needed to help spread the knowledge of scientific principles supporting the new technologies. Education about scientific principles was necessary for increased efficiency and safety. Reporting on conditions in the late 19th century, Mann (1909) reported that in 1880 and 1884, the National Board of Education issued two bulletins showing that only four out of over 600 secondary schools were offering physics with a full year of laboratory experiments; only 53 offered a full year of physics at all. Servos (1986) reveals that at this same time many elementary schools offered virtually no mathematics education, and secondary schools did not have any systematic process for teaching it, and that this limited the understanding of physics. ??

Early in the 20th century, Mann (1909) reported that the number of topics that were covered within physics courses at the college level had grown dramatically, but texts had become more decontextualized and difficult for unprepared students to understand. If all physics topics were to be covered in one academic year they each could be given only twelve minutes of class time.

Mann (1909) describes how in 1886 Harvard, along with the National Educational Association caused secondary schools to progress rapidly towards offering yearlong physics when they clearly defined college entrance requirements that stipulated what levels of knowledge in the different academic areas were required for matriculation. Donahue (1993) shows that in the 1930s, physics education had failed to meet the needs for college preparation. While high school physics classes were focused towards preparation for college physics (many used the same textbooks used in freshman college courses), most high school physics courses did not have labs and the class sizes were too large for effective teaching.

Donahue (1993) explains how several competing interests shaped physics curricula through the 1930s until the 1960s. Curricula were often based on teaching practices that had become outdated to the educational needs of contemporary society. Some felt that the cooperation of scientists with the federal government should help to define and meet the nation’s educational needs. By the end of World War II, it had become clear that the study of physics could have incredible consequences in the course of world events. Physics was having a major impact on the growth of economies through the creation of vast new applications of technology, and in the outcomes of wars from the creation of new weapons.

Donahue’s (1993) research reveals that physics was still considered as strongly decontextualized and unconnected to personal and social problems in the 1960s as it was in the 1930s. Physics education needed to relate content to everyday life instead of being presented as abstract academic concepts. The need for change was gaining an urgency fueled by a growing perception that the teaching of physics should include more active learning instead of the passive learning that dominated traditional physics education. The launch of Sputnik in 1957 spurred an international competition in scientific education. In 1958, Congress passed the National Defense Education Act for federal assistance of physics education within the states. With the addition of federal money, thanks in large part to the launch and orbit of Sputnik, secondary school physics curriculum in America went through dramatic reform in the interests of national security.

Donahue (1993) explains how formal physics education originated with teaching that was predominantly a passive transmission of knowledge. What emerged to challenge this was the curriculum physics project of the Physical Science Study Committee (PSSC). The physicist Jerrold R. Zacharias of the Massachusetts Institute of Technology organized the PSSC with funding from the National Science Foundation (NSF). Many aspects of contemporary approaches to teaching physics are found as antecedents in the PSSC approach. The PSSC had created the approach to its curriculum shortly before Sputnik had made its historic journey. Once the satellite had made its flight, the project was quickly expanded and promoted through the National Defense Education Act. The concept of the project was to create a curriculum in which students would experience physics as an unfinished and evolving pursuit, and methods of inquiry to modern physics would be promoted in a way that would be challenging and satisfying. The PSSC designed the new curriculum and textbook to emphasize open scientific inquiry and learning through discovery. The curriculum presented concepts in relevant contexts, and those contexts were shown to be continuously evolving.

Donahue (1993) concludes that the PSSC physics approach was ultimately not successful because it was not made a part of new teacher education. Most teachers were only exposed to it after entering their profession and after possibly having formed conflicting ideas and habits. Complaints about the curriculum focused on the large proportion that was lab-based, and the lack of contextual technological applications. Also, because the committee designing the curriculum was made up of only highly placed research physicists, teacher-educators felt left out of the process and were not motivated to incorporate the reforms into their programs. By the 1970s the percentage of high schools using PSSC materials had dropped dramatically. Lijnse, et al. (as cited in Wilkinson, 1999b) show that despite the PSSC curriculum’s advantages, teaching of high school physics was declining by the 1960s because most of it continued to be traditional blackboard lectures with too many mathematical calculations by hand, too few demonstrations or activities for the students, and was perceived to be too purely academic. Most curricula were making few connections to everyday life and did not discuss recent developments in the field or their impact on society.

Matthews (1994) shows how the teaching of physics came under increased scrutiny during the 1960s and 1970s because of a growing perception that students were finding physics courses uninteresting. Traditional non-contextual physics education failed to engage students and failed to promote a popular understanding and appreciation of the subject. Wilt (2005) finds that present-day traditional instruction still does little to correct fundamental physics misconceptions. Cawthron and Rowell (as cited in Turner & Sullenger, 1999) believe the scrutiny helped give rise to increased inquiry-based learning where students used self-discovery of basic concepts and relationships through interactive activities with minimal teacher direction. LEAP HERE HOW SO?

The Science, Technology, and Society Approach

Wilkinson (1999b) states that an STS approach promotes greater relevance and personal connection of physics to students than does traditional physics instruction. Gunstone (as cited in Wilkinson, 1999b) explains how programs have been created that address STS issues by teaching physics within the context of everyday social and personal decisions. The STS approach shows that physics can be incorporated as a tool to address, in the classroom, broad questions within society (Wilkinson, 1999b).

Jardine (as cited in Wilkinson, 1999b) shows how the STS approach can include the study of familiar technological applications (such as consumer electronics, communications, transportation, and energy consumption). The impact of physics on everyday life is examined through studying practical uses of mechanics, waves, electricity, and magnetism. Increasing student skills in the use of technology and in practical problem solving creates a wider relevance of physics in the everyday life of the student. 

Event-centered learning, a variety of STS that uses a specific event such as a recent cataclysmic event (tsunami, hurricane, nuclear accidents, etc.), can be used to integrate social issues and physics concepts into a format that allows students to draw on real-world events to increase their understanding. Watts, et al. (as cited in Wilkinson, 1999b) explain that STS physics with event-centered learning can cover many aspects of physics. When contexts are introduced through event-centered learning, students are able to see that what they are learning is not totally abstract, but has personal and social connections and consequences (Wilkinson, 1999b).

The Office of Superintendent of Public Instruction for Washington State (2005) (OSPI) uses learning standards for the sciences in the Washington State Essential Academic Learning Requirements (EALRs). These EALRs are based on National Science Education Standards (NSES) created by the National Research Council. The EALRs for science, and the more detailed Grade Level Expectations (GLEs), include components of the science, technology, and society approach by encouraging science learning that has personal relevance for students and a greater social context. Within the third EALR the second GLE emphasizes the importance of students analyzing how science and technology are interconnected to each other and to how human accomplishments affect individuals, society, and the environment.

The principles underlying STS have been found to be effective for learning in other areas that overlap with physics. For example, Ensign (2003) has found that students learning mathematics can be more effectively engaged with the addition of personalized lessons using examples from specific experiences in the student’s lives. By introducing a concept to the students, then collecting examples of personal experiences from them that may relate to the concept, the teacher can create problems based on the collected examples that can then be used in the class. 

The use of contexts in STS makes the understanding of real world phenomena more accessible and makes the interrelationships of many concepts of the physical world easier to grasp (Matthews, 1994). STS can make use of multiple overlapping contexts (such as studying the physics of electricity in several different household appliances); thereby creating repeated exposure, which reinforces the concepts (Wilkinson, 1999a). 

Wilkinson (1999a) found that some teachers have reported challenges using the STS approach. One challenge has been in transitioning from a textbook-centered classroom. Other challenges include the belief that time spent on teaching the context is at the expense of teaching physics concepts, that the STS approach requires too many resources, and that the teacher’s knowledge about the given context is often insufficient. 

Piel (as quoted in Bybee as cited in Matthews, 1994) found that since the first implementation of the STS approach, a review of over twenty years of STS based textbooks shows them to have become more theoretical and abstract and with fewer references to technology in contexts meaningful to students. Gunstone (as cited in Wilkinson, 1999b) observes that another complaint of STS is that it is too often added on to an existing curriculum that is incompatible. However, Gunstone believes that this criticism is misdirected because the use of real-life applications in a cursory way does not make a physics curriculum an STS approach. A final criticism of STS cited in Wilkinson (1999a) is that students have been reported as having difficulty transferring concepts they have learned to other contexts. It is important to note that Vignouli, Hart, and Fry (2002), responding to Wilkinson’s article, have found that traditional courses, which are more decontextualized, have the same difficulty with the transfer of knowledge. 

The History and Philosophy of Science Approach

Matthews (1994) finds that in addition to the need for contemporary contexts the inclusion of the history and philosophy of physics is also important. Proponents of the history and philosophy of science (HPS) approach argue that teachers should know more than just concepts and applications. Until physics teachers are knowledgeable in the history and philosophy of their subject, they cannot understand the fundamentals of scientific inquiry and will not be able to teach it, because “historical and philosophical reflection on the development of science is basic to any understanding of human knowledge” (Matthews, 1994, p. 8). 

Using primary source documents, such as original research papers or journals, can be part of an HPS approach. Daniels and Bizar (2004) state that reading primary source documents can help students find human connections to their learning. 

The Washington State Essential Academic Learning Requirements (EALRs) created by the OSPI (2005) include features of the HPS approach. The OPSI supports these because they believe it is important to increase student understanding of how scientific inquiry causes our understanding of science to evolve, and because science and technology have been practiced by all peoples throughout history thus contributing to changes within individuals and societies.

Matthews (1994) describes how understanding the context of the development of physics concepts, and the worldview brought to their development, is important in learning. HPS helps to humanize physics by connecting it to personal, cultural, and historical issues. Teaching effectiveness is improved when teachers better understand the context of physics within a social and intellectual schema. Teachers are also alerted to the challenges in the development of physics and physics concepts in ways that can enhance students’ understanding.

Monk and Osborne (as cited in Turner and Sullenger, 1999) point out that teachers have often refused to accept HPS approaches to teaching because it takes time away from typical instruction, and because they are insufficiently familiar with the history and philosophy of the science they are attempting to teach. 

The Inquiry-Based Approach

Postman and Weingartner (1969) explain that the focus of the inquiry-based approach is on the process of inquiry, and not the acquisition of fixed knowledge. Group inquiry and students’ development of meaningful questions as part of inquiry-based education is also included. In using inquiry-based education physics teachers avoid lecturing when possible, posing stimulating initial problems to guide and motivate rather than just give answers. The teachers ask challenging and intriguing questions that require students to create their own knowledge through investigation. The success of the students is measured, in part, by how well they acquire effective learning strategies. Students who are successful in using inquiry gain self-confidence in their learning and gain critical thinking and problem solving skills. 

Sherman (2000) explains that through the inquiry-based approach the teacher can present an intriguing situation that requires investigation by the students to fully understand. A consequence of this approach is increased student interest and motivation. The teacher’s role is to guide investigation by raising questions throughout the process to bring out the discrepancies in the situation and help clarify the students’ developing hypotheses. In this process the students are able to develop a better understanding of new concepts. Students are encouraged to analyze and explain what they have explored, and extend what they are learning through projects, problem solving, and discussion. Evaluation is ongoing and interactive between student and teacher. This process is student-centered and places more responsibility for learning with students through the inquiry process of “learning-by-doing” (Donahue, 1993, p. 348).

Silverman (1995) states that physics can be taught in a manner that closely resembles the way it is done by professional physicists, replicating the process of inquiry through experiment and synthesis that is required to learn new concepts. The school environment becomes a place for exploration where mistakes are considered a natural and essential part of learning. 

Matthews (1994) explains that inquiry-based learning became a key part of the NSF curriculum reforms of the 1960s. The inquiry-based approach to learning was seen as a good way for students to understand the process of scientific inquiry and methodology. The National Research Council (NRC) (1996) formed the National Science Education Standards (NSES) as guidelines for the creation of inquiry-based science curricula in the US. The OSPI (2005) used these guidelines for creating the learning standards for the sciences in the Washington State EALRs.SOURCE? The National Research Council (NRC) Learning science depends on actively doing science, and active hands-on learning is essential for students to personally connect to the world through science. NOTHING FROM PROGRESSIVE ERA? PROGRESSIVE ERA?
The EALRs for science, and the more detailed GLEs, have established a framework of expectations for students in Washington that support the development of student understanding of scientific inquiry and methodology with inquiry-based activities. The second EALR defined by the OSPI states that students should understand and be able to apply scientific inquiry, and have the skills needed to investigate and understand science. The second EALR also stresses scientific inquiry as using the concepts and principles of science to investigate and answer questions. It should also be noted that the EALRs and GLEs includes components of the STS approach by encouraging science learning that has personal relevance for students and a greater social context. 

Hestenes (1995) explains how inquiry-based problem solving can include student creation of working models (abstract representations of physical phenomena) as part of the learning process. Singer, Marx, and Krajcik (2000) state that by using inquiry, students can develop a deeper understanding of concepts through active learning using extensive interaction and discourse. Students gather evidence and examples about the concepts with which to generalize, then they apply and represent them through the use of prior knowledge. Results can then be shared and critically analyzed in relation to the original driving questions, allowing the students to demonstrate the knowledge and skills they have constructed. Dickinson and Flick (1998) find that a move from traditional instruction to a more inquiry-based approach will increase the focus on problem solving in labs and less on just the confirmation of facts, a greater variety of lecture strategies, and more emphasis on getting students to see physics as valuable and having an important effect in their lives.

The NRC (1996) describes the use of inquiry-based instruction in several experiments where students identify a problem; recall what prior knowledge might be applicable, and then come up with possible solutions by brainstorming ideas. They then use the ideas to create and conduct experiments, discuss their observations, and write reports to evaluate the results. 

The review of literature sufficiently and clearly identified the HPS, STS, and the inquiry-based approaches as being significant and contemporary within the physics educational community, and shows a wealth of material on implementations of the STS and inquiry-based approaches.  There was comparatively less literature on the HPS approach, but still sufficient for the purposes of this paper.

Conclusions

Three of the approaches described in this review (STS, HPS, and inquiry-based) are described in this review as alternatives to the traditional physics approach. Donahue (1993) describes how traditional physics instruction originated with learning that was predominantly what the teacher directly transmitted to the student. Now more active and contextual approaches, and understanding how science has evolved throughout history, is considered best for physics instruction as can be evidenced in the EALRs.
The launch of Sputnik in 1957 spurred an international competition in scientific education. Donahue (1993) shows how many aspects of contemporary approaches to teaching physics are found as antecedents in the curriculum physics project of the Physical Science Study Committee (PSSC) that was promoted because of Sputnik’s flight. Matthews (1994) shows that the teaching of physics then came under even more scrutiny during the 1960s and 1970s because of a growing perception that students were finding physics courses uninteresting. Traditional non-contextual physics education failed to engage students and failed to promote a popular understanding and appreciation of the subject. Cawthron and Rowell (as cited in Turner & Sullenger, 1999) believe the scrutiny helped give rise to increased inquiry-based learning where students used self-discovery of basic concepts and relationships through interactive activities with minimal teacher direction. 

The Science, Technology, and Society Approach 

THIS READS LIKE A REPEAT OF LIT RE. ??????
Gunstone (as cited in Wilkinson, 1999b) shows that through the STS approach contexts of everyday social and personal decisions can make the understanding of real world phenomena more accessible and make the interrelationships of many concepts of the physical world easier to grasp. Students can be prepared for living in a technologically developing society, and be prepared to address broad questions within society in an academic context (Wilkinson, 1999b). 

Wilkinson (1999b) states that STS education promotes greater relevance and personal connection to students than traditional physics education. Gunstone (as cited in Wilkinson, 1999b) explains how programs have been created that address STS issues by teaching physics within the context of everyday social and personal decisions. The STS approach shows that physics can be incorporated as a tool to address broad questions within society in the classroom (Wilkinson, 1999b).

The use of contexts in STS makes the understanding of real world phenomena more accessible and makes the interrelationships of many concepts of the physical world easier to grasp (Matthews, 1994). STS can make use of multiple overlapping contexts creating repeated exposure to reinforce concepts (Wilkinson, 1999a). 

History and Philosophy of Science Approach
Matthews (1994) finds that in addition to the need for contemporary contexts the inclusion of the history and philosophy of physics is also important. Proponents of the history and philosophy of science (HPS) approach argue that teachers should know more than just concepts and applications. Matthews (1994) describes how understanding the context of the development of physics concepts, and the worldview brought to their development, is important in learning. HPS helps to humanize physics by connecting it to personal and cultural issues. Teaching effectiveness is improved when teachers better understand the context of physics within a social and intellectual schema. Teachers are also more aware of the challenges in the development of physics and physics concepts in ways that can improve instruction.

Monk and Osborne (as cited in Turner & Sullenger, 1999) point out that teachers have often refused to accept HPS approaches to teaching because it takes time away from typical instruction, and because they are insufficiently familiar with the history and philosophy of the science they are attempting to teach. 

The Inquiry–Based Approach

Postman and Weingartner (1969) believe that students who are successful in using inquiry gain self-confidence in their learning and gain critical thinking and problem solving skills. Sherman (2000) explains that through the inquiry-based approach students are able to develop a better understanding of new concepts. Silverman (1995) states that physics can be taught in a manner that closely resembles the way it is done by professional physicists, replicating the process of inquiry through experiment and synthesis that is required to learn new concepts. Matthews (1994) explains that the NSF curriculum reforms focused on inquiry-based learning because it was seen as an excellent approach for learning scientific inquiry and methodology. Inquiry-based learning became a key part of the NSF curriculum reforms of the 1960s. The NRC (1996) formed the NSES as guidelines for the creation of inquiry-based science curricula in the US. The OSPI (2005) used these guidelines for creating the learning standards for the sciences in the Washington State EALRs to support the development of student understanding of scientific inquiry and methodology with inquiry-based activities.

Recommendations

Consistent with the current views of experts in science instruction, the use of inquiry-based instruction in physics teaching is recommended. The STS and HPS approaches also are recommended in preference to traditional instruction. The research favors the use of STS, HPS, and inquiry-based approaches and discourages the use of only traditional instruction. Matthews (1994) shows that traditional non-contextual physics education has failed to engage students and has failed to promote a popular understanding and appreciation of the subject. Dickinson and Flick’s (1998) research has found that learning physics through traditional instruction does not sufficiently increase physics knowledge, and does not adequately build conceptual foundations for further study. Wilt (2005) finds that traditional instruction does little to correct fundamental physics misconceptions, and McDermott (as cited in Dickinson & Flick, 1998) has shown that with traditional instruction there are notable disparities between what the teacher thinks the students have learned and what they in reality have learned.

Features from all of the approaches as alternatives to the traditional approach are promoted by the OSPI (2005) within the Washington State EALRs. These requirements are based on the National Research Council’s National Science Education Standards. 

It is recommended that the science technology and society approach (STS) can be used to benefit students and should continue to be promoted. STS is recommended because of its value in increasing student understanding of how to utilize science concepts and skills to find answers to human problems in shared environments. Understanding scientific systems and methods using STS can help students to design, develop, and evaluate scientific explanations to problems in real world circumstances.  By analyzing how science and technology are human endeavors that are interrelated, and interconnected to each other, humanity, individual occupations, and the environment, students can connect physics concepts in a relevant way to their own lives and the world they live in, and as a tool to address social and personal decisions.
It is also recommended that the history and philosophy of science (HPS) would benefit students and should continue to be promoted. HPS is recommended because of its importance in increasing student understanding of how scientific inquiry causes our understanding of science to evolve because it results in new facts, evidence, unexpected findings, ideas, explanations, and revisions to current theories, and how existing ideas were synthesized from a long, rich history of scientific explanations. By using HPS students will understand that all peoples throughout history have practiced science and technology, and how science and technology have affected individuals, cultures, and societies throughout human history. Students will learn how scientific knowledge and technological advances were discovered and developed by individuals and communities in all cultures of the world, how they contribute to changes in societies, and how life has changed throughout history because of scientific knowledge and technological advances from a variety of peoples.

The inquiry-based approach is also recommended and should continue to be promoted because of the need for students to be able to apply the methods and understand the features of scientific inquiry.  By using the inquiry-based approach students can learn how new scientific knowledge evolves and is accepted with repeated inquiries through a process of developing and testing hypotheses, and that increased understanding of systems will lead to new questions.  An inquiry-based approach makes the classroom more student-centered and hands-on. The investigation of questions is directed by the student and allows them to learn physics in a way that is similar to how it is done by professional physicists doing contemporary research. By using inquiry it places more responsibility for learning with the student, and through group activity and discussion they can develop self-confidence in their learning and gain critical thinking and problem solving skills that allow deeper understanding of concepts. Students can understand and be able to apply scientific inquiry, and use the concepts and principles of science to investigate and answer questions, using the skills and knowledge necessary to give integrity to their scientific investigations.

It is recommended that the inquiry-based approach be used with the STS and HPS approach.  By using STS and HPS with the inquiry-based approach instruction can provide a student-centered and hands-on learning environment that includes the use of science concepts and skills to find answers to human problems in real world circumstances, and include how scientific inquiry causes our understanding of science to evolve by discovery and development in all cultures of the world. It allows the learning of scientific inquiry and methodology by direct activity from the student, and the process of physics is better understood to be an ongoing and developing search for knowledge having an important effect in their lives.
A teacher who has mastered the application of the three of the alternative approaches to the traditional approach may find it possible to create units of instruction that uses the hands-on inquiry-based approach and includes the history and philosophy of physics so that it connects with contemporary social issues (STS). An example showing how these approaches can be effectively used together is given below. 

This example has as one outcome a better understanding by students of Newton’s first law of motion (If the forces on an object are balanced and the object is at rest it will remain at rest, and if the object is in motion it will maintain the same motion.) Students would have an opportunity to enjoy being creative in applying scientific principles to solve a design problem. In this activity students perform a discovery investigation where they build and test model vehicles that will keep a raw egg from breaking when running a series of crash tests. The hands-on activity will require them to brainstorm, analyze the given materials, and choose a potentially useful design. They will then make predictions about the tests beforehand that includes their understanding of the first law of motion. Resources will include historical documents of Newton’s first law, and research into the history of perceptions about motion from the age of Aristotle on forward. There would also be materials that identify connections to social and technological aspects of vehicle motion and safety.

Students will learn how seatbelts help in a collision (using STS to make it personally relevant, useful for personal and social decisions, and more) by building and testing a model vehicle with eggs and running a series of crash tests to see what happens with and without seatbelts. Students would use inquiry to identify a problem, make predictions, and come up with possible solutions. Elements of the HPS approach can be used with the unit to expose students to historical perceptual challenges surrounding the development of Newton’s first law, showing students how the testing and challenging of older theories has redefined and increased the accuracy of theories, and addressing historical stumbling blocks and misconceptions.
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