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Two years ago, my school district decided to offer Advanced Placement Physics C: Mechanics (APC Mechanics), a calculus-based course in Newtonian mechanics, in lieu of its Advanced Placement Physics B course, an algebra-based survey physics course.  This left me with the daunting task of choosing a textbook that would suit my students the best.  The students that would be enrolling in the class were “accelerated” high-school juniors or slightly better than average seniors who had already taken a high school level algebra-based survey course in physics.  Along with physics these students were either concurrently enrolled in pre-calculus or calculus, so their knowledge of calculus, at least at the beginning of the course, was minimal.  Considering the pool of physics students I had, I was in the search for a college-level physics text that covered all of the objectives of the APC curriculum, but was written at a level that advanced juniors could read.  Ideally, this text would contain the calculus needed for the course, but didn’t rely on it to introduce physics concepts.  After reading a survey of what textbooks other AP Physics instructors were using, I reviewed a few of the most popular.  These texts reminded me of what my undergraduate physics texts were like, i.e., nearly impossible to read.   They relied heavily on mathematics to introduce many concepts.  About the same time, I was taking a graduate level physics course for educators that used Randy Knight’s Physics: A Contemporary Perspective (Knight, 1996) as the text.  This was the preliminary edition to what is now entitled Physics For Scientists and Engineers: A Strategic Approach (Knight, 2004).  I found that this text approached physics from more of a conceptual viewpoint.  After examining a sample of the new edition, I decided to use this text to develop my curriculum around.  The text was written using physics education research as a focus so it is designed to teach physics using ideas and techniques that have been shown to improve physics comprehension.  After inspecting the book, it seemed more readable compared to other typical calculus-based texts meant for introductory physics courses.  In addition, this textbook was accompanied by a workbook that was intended to “bridge the gap between the textbook and homework problems by providing students the opportunity to learn a practice skills prior to using those skills in quantitative end-of-chapter problems” (Knight, 2004).  Since the time I chose this text, I have set out to align this textbook with the APC: Mechanics course objectives.  The remainder of this paper will focus on just how well this text suits an AP physics course taught to upper-level high school students and will include how I use the text in my teaching, student’s reactions to the text, the text’s strengths and weaknesses, and a table that indicates where each APC: Mechanics course objective is found in both Knight’s textbook and workbook.

Using Knight’s textbook and workbook:


Being relatively new to the field of physics teaching, I am constantly looking at ways to improve my teaching and the structure of my courses to make learning physics easier and more enjoyable.  One aspect of my teaching that has always bothered me is the way I incorporate the textbook.  I have always felt that I have never used a textbook in an effective way.  In most of my courses, the textbook was used for nothing more than a source of problems to assign my students for homework.  I found comfort in knowing that if my students had an additional resource to go to for physics knowledge if they wanted to see a concept presented in a way that was different from my classroom teaching.  The few students who did this often told me they had difficulties in understanding their textbook.  A committee that has reviewed different physics textbooks and their use (1999) points out that I am just like many other physics teachers when it comes to this matter.  

I decided that I was going to use Knight’s text and workbook as an integral part of the course.  Knight suggests that students should read the text before coming to class to learn new material (2004).  The goal of this reading is to get a very basic understanding of new vocabulary, definitions, and notations.  He then recommends having students reread the text after the material has been presented.  During this reading, students should pay more attention to detail.  They should focus on the logic behind each example given in the chapter.

This leads me to explaining how I have been using Knight’s resources.  At the beginning of the year I encouraged students to read the textbook both before and after new material was presented.  For a while, I did not hold the students accountable for these reading “assignments” and, consequently, I found that many of them did not read their text.  I then decided, as suggested by Eric Mazur (1997), to give a short reading quiz.  After a few of these, students soon realized that they needed to, at least, look at the assigned section quickly enough to know what the day’s topic was before coming to class.  As a result, I found that I was able to pick up the pace in class.  I didn’t have to spend as much time introducing concepts or terminology as I had to when my students were not reading their texts.  Another instructional technique I have heard of and plan to use in the future to encourage my students to read their texts is to have them, as an assignment, write down some notes about the reading assignments, possibly defining any new terms or ideas.  After new material has been presented in class, I usually assign the workbook section that correlates to the reading section for homework.  Often, the students begin working on these in groups of two or three if there is time left at the end of class.  The following day we usually go over these assignments.  Many times I will have the students put their solutions to particular problems on whiteboards and have them give explanations to their peers.  After using the workbook assignments to help the students develop a conceptual understanding of the new material we look at quantitative examples, which are then followed by typical “end-of-chapter” questions assigned for homework.  Another variation in using the workbook that I have tried, as suggested by Roger Freedman (I’m not sure how to cite this), is to have the students go through a think-pair-share format focus on one or two example problems that are usually more involved.  Each student first thinks about the problem and attempts to solve it on their own.  They are able to consult with a partner for a brief explanation on how to get started if it is needed.  While they are working on this, I walk round the room giving personal attention to those that are struggling with the problems.  After each has spent time working out a solution the students then pair up into groups of two or three and share solutions with their peers.  During this time they are directed to resolve any discrepancies they might have within their group.  Following this, the class as a whole discusses the problem, at which time I mention possible student difficulties or misconceptions that I observed.  

Students’ reactions:


As mentioned previously, as I continue to improve as a physics teacher, I am always concerned with both my students’ conceptual gains and their attitudes towards learning physics, i.e., are the enjoying both the material and physics class.  Through conversations with my students, I have found that these changes I have made in the structure of physics class has had both positive and negative effects.  My students will readily admit that the workbook assignments force them to critically think about concepts.  Because they are forced to think conceptually, I believe they are attaining greater conceptual gains when compared to my former students.  However, prior to entering physics, my students generally take three years of high school science classes that are structured around rote memorization.  Being placed in a position where they have to struggle with learning and applying concepts tends to make them uncomfortable.  A few students have expressed this dissatisfaction with me.  In addition, I have noticed that following the classroom structure outlined above too often will yield a classroom full of moaning and groaning students.  Overuse of this structure can lead to a monotonous class.  Some students claim that the text is difficult to read, however, I believe their judgments stem from a comparison to other high-school level texts.  Recently, I ran into a former student enrolled in an undergraduate mechanics class who was dissatisfied with his professor’s choice of text.  He complained that his textbook looked like a calculus textbook. After lending him a copy of Knight’s text, he later shared that he found it enjoyable to read.

Strengths of Knight’s text as pertaining to the AP curriculum:


Following a recent study by the National Research Council (2002), it was recommended that advanced study programs should focus on giving students a deep conceptual understanding of the subject matter.  The council suggests that this includes a mastery of content knowledge and concepts, as well as problem-solving skills.  They state that learning takes place when knowledge is structured around major concepts and principles and that effective learning starts with the learner’s prior knowledge.  

It is evident that Knight focused his text around physics education research.  The concepts that are addressed in Knight’s textbook are presented clearly.  Their introductions are written at a low level and progress into higher-level applications.  Often, common preconceptions are dealt with and warnings against the development of specific misconceptions are included.  The text flows well, each subsequent chapter being an extension of the previous.  Connections are made between new concepts and concepts that have been presented earlier in the text.  For example, my students have definitely noted that Newton’s Second Law, which was introduced in Chapter 4 as a relationship between the net force on an object and the object’s subsequent linear acceleration, is a fundamental idea in physics and can be applied to many different types of motion, e.g., circular motion (Chapter 6), rotational motion (Chapter 13), and oscillatory motion (Chapter 14).  

The structure of the book helps the students give structure to their newly found physics knowledge.  Each chapter has a summary that presents the “big ideas” presented in the chapter.  These summaries do not look like a laundry list of formulas that are only used in specific applications of a physical idea.  Rather, they include general physics principles, important concepts, applications, and a list of new terms or notations that were addressed.  In each chapter you will find Tactics Boxes, which teach the students specific skills such as drawing free-body diagrams or interpreting kinematics graphs, and Problem-Solving Strategies, which give the reader a short procedure on solving specific types of problems.  Finally, after every couple of chapters, you will find Knowledge Structure boxes.  These boxes help the students organize all their newly attained knowledge.  Where the Problem-Solving Strategies box will help them solve a problem of a known type, the Knowledge Structure box will help the student identify what concept(s) may be needed to solve a problem of an unknown type.  

The workbook is invaluable in helping the students solidify their understandings of concepts.  In addition, many workbook items help students with their mathematical reasoning skills such as analyzing relationships between variables, both graphically and numerically.

Overall, the text is readable for the population of my students.  I have found it more enjoyable to read than other physics text I have used in my courses and the courses I took as I prepared to become a physics teacher.   I have received fewer student comments about the book being unreadable then I have in previous years with other books.  

Weaknesses of Knight’s text as pertaining to the AP curriculum:

I found three areas where Knight’s text did not fully cover AP objectives.  This does not mean that the text does not cover the concepts tested on an AP exam, but rather specific applications of the concepts are not present. 

There are several questions found on recent AP exams that involve the use of functions, often in terms of time.  For example, if the velocity of an object is written as a function of time, one could write an expression of the object’s kinetic energy in terms of time by multiplying the square of the velocity function by one-half the mass of the object.  Another example is when the net force on an object is given as a function of time, the change in velocity can be found by integrating the force function divided by the time.  These types of questions are not stressed in the text.  That does not mean that a reader might not be able to deduce this because all the knowledge needed to do this is presented in various sections of the text.

A few “classic” higher-level calculus-based questions that are often treated in other texts and, which AP objectives are written and tested for, are not covered in the text.  For example, the College Board requires that students be able to write and solve a differential equation for the velocity of an object that has a force applied to it that is dependant on the object’s speed.  Secondly, the text does not discuss the gravitational force on an object located inside a planet of uniform density.  Thirdly, students are required to determine the period of oscillation for an object that is connected to a combination of springs.  Lastly, the motion of a torsional and physical pendulum is not discussed.

Although center of mass for a system consisting of multiple particles is presented, its importance to finding things like the momentum or acceleration of a system is not discussed. 

How to use the chart:


The chart correlates each APC: Mechanics course objective found in **** with the section(s) of the textbook where it is addressed.  In addition, sections in the workbook that involve problems that would enhance a students understanding of each objective are noted.  I have also dissected both the 1993 and 1998 APC: Mechanics exams and have linked the concepts needed to answer each question with the objectives and, therefore, one would know where to find information in Knight’s text and workbook in order to answer these questions.  

Note – many of the objectives involve multiple concepts.  The section of the text that is noted is the one that presents the objective’s primary focus.

Conclusion: How well does Knight’s text and workbook suit an AP physics class?


After using Knight’s textbook and workbook for just under one school year, I have learned a couple of things pertaining to using Knight’s text and workbook in an Advanced Placement Physics course.  First of all, I cannot stress enough how helpful the workbook is in helping to learn physics concepts.  Using them will guard against the common pitfall of students viewing physics as a collection of equations that, when applied correctly to a problem, will give you the right answer.  They force students to develop physical ideas, and should be used prior to introducing the math that is commonly needed to solve complex problems.  When the workbook is overused during class, such as during whiteboard presentations, some students will develop poor attitudinal judgments about physics.


As with all instructional decisions, teachers need to be knowledgeable about, and mindful of, course objectives and the questioning found in a standardized test at the end of the course when using a textbook.  The instructor needs to know what information in the textbook can be eliminated from the course as well as any material that may need to be supplemented.


Having never used a textbook as an integral part of the course, I have learned that a good, readable text can help speed up the pace of the course.  If students are required to read about material before it is presented, it takes less time to introduce concepts.  The key here is that the text needs to be written so that students can pick up on basic ideas on their own.  If the textbook is not written well, as with some of the textbooks I used in my undergraduate physics courses, this becomes very difficult and frustrating for students.


Finally, Randy Knight wrote his textbook and workbook with a physics education researcher’s perspective.  He was just as much concerned with the content as he was presenting it in a way that helps students become more successful in learning physics.  I have noticed that my students have better organized their physics knowledge.  They no longer try to remember an equation applied to a specific example covered in class while attempting to solve a novel problem.  Instead, they view physics as only a handful of fundamental ideas that can be applied to many different situations.  I credit the organization and presentation of Knight’s resources for this.

References

Knight, R.D., (1996).  Physics for Scientists and Engineers: A Contemporary Perspective.

San Francisco, CA: Addison Wesley.

Knight, R.D., (2004).  Physics for Scientists and Engineers: A Strategic Approach.  San 

Francisco, CA: Addison Wesley.

The Physics Textbook Review Committee (1999).  What’s the Use of High-School 

Physics Texts?  The Physics Teacher, 37, 306-308.

Gollub, J.P., & Spital, R. (2002).  Advanced Physics in the High Schools.  Physics   

Today, May, 48-57.

Freedman, R.A. (http://www.physics.ucsb.edu/~airboy/challenge.html)

Mazur, E. (1997).  Peer Instruction: A user’s manual.  Upper Saddle River, NJ: Prentice 

Hall.

