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Abstract:

Physics consists, in large measure, of what Cummings et al. call “the art of simplifying” (Cummings, 2004, p.2).  Teaching introductory physics draws heavily on the same art as teachers help students identify what is worth paying attention to, what may safely be ignored, and how seemingly contradictory experiences can be reconciled to standard physics ideas.  Textbooks such as Foundations of Physics by Thomas Hsu provide a window into the myriad and difficult choices that must be made in trying to make a coherent presentation of physics.  This review considers the choices made in this book both by way of evaluating its strengths and weaknesses and as a means to reflect on the larger challenges of introductory physics.
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Everyone, everywhere, is a student of physics.  I do not mean, of course, that we are all enrolled in physics courses.  But soccer players threading passes to moving teammates, shoppers trying to keep their feet underneath themselves in an icy parking lot, and children competing to see who can create the largest soap bubbles are all looking for, and taking advantage of, the patterned behavior of the natural world.  They may not recognize by name the velocity vectors, friction forces, and surface tensions that dominate these situations, but they are aware of the concepts even if they have no name for them.

However, there is a gap between casually observing and interactioning with phenomena and formal study.  Sometimes our experience-based choices about what to focus on help us see the deep patterns in nature clearly; sometimes they confound us utterly.  Archimedes decided that the most important thing about buoyancy is the weight of the displaced fluid (Heath, 1897, p. 257).  He was right; we still learn Archimede’s principle today.  On the other hand, Aristotle made a distinction between the “natural” motion of, for instance, stones (downward toward the earth) and the “violent” motion caused by the will of living beings (Fowler, 2008).  This was eventually determined to be a false dichotomy but not until after it had derailed the study of motion for nearly 2000 years.  The physics of everyday phenomena is in many ways a long story of scientists figuring out what to pay attention to and what to ignore or simplify.

Physicists have come to agreements about what is the most fruitful, accurate, and feasible way to look at and analyze many aspects of natural phenomena.  These are encapsulated in the scientific models (both conceptual and mathematical) and representations (graphs, free-body diagrams, and the like) that we teach our students as being “the way” to understand what is happening.  Instruction in these models involves what to pay attention to, what to ignore, how to represent it, and counteracting flawed assumptions.  For instance, when studying projectile motion in introductory physics, we pay attention on the one hand to the fact that the projectile will at times be moving both horizontally and vertically; on the other hand, we ignore air resistance; we typically represent the motion using kinematic equations; but we try to counteract the assumption that faster or lighter objects necessarily fall to the floor more slowly than slower-moving or heavier objects.

What we pay attention to and what we ignore varies depending on the level of the student.  There is an old saw that mechanics is the study of balls rolling down inclined planes, and advanced mechanics is the study of advanced balls rolling down advanced inclined planes.  This joke reminds us that physics can be learned at widely varying degrees of complexity, depending on the simplifying assumptions and complexity of the models used.  For instance, a car rolling down an incline may be modeled with or without rolling friction, air resitance, and the rotational motion and angular momentum of the wheels.

Introductory physics textbooks give us a window into the different and difficult choices available to teachers.  Textbooks undoubtedly have a key role to play in physics education (Gilbert, 2006, p. 46; Ornstein, 1994, p. 70; Knight, 2004, p. 5).  They must make choices about how to present the ideas, concepts, and models of physics in a way that is accessible to the introductory student.  This challenge is particularly acute for textbooks, such as Foundations of Physics by Cambridge Physics Outlet founder Thomas Hsu, aimed at middle school and younger high school students whose reading comprehension, mathematical foundation, and logical skills are less well developed.

As an example, consider the distinction between mass and weight, a distinction which is difficult to make clearly (Swartz et al., 1999, p. 308, Arons, 1990, pp. 55-56).  Weight and mass are not generally distinguished in everyday language, nor do they need to be; even physicists, after all, use scales that balance weight against other forces as a proxy for measuring the mass of an object.  It is not immediately obvious to students that it matters to distinguish between the fundamental property of matter (mass) and one particular interaction that it has with other matter (weight).  Foundations of Physics takes several stabs at distinguishing between them.  Hsu gives a fairly standard definition of mass as the amount of “stuff” in an object (p. 26).  He goes on to state that “the most common way to measure mass is to measure the force of gravity acting on it.”  This statement is perfectly clear to a physics expert.  Yet students whose reading comprehension and logical faculties limit their ability to make precise distinctions are more likely to be confounded into thinking that the two are one and the same.  If we measure mass by measuring weight, then they are the same thing, right?  
Hsu returns to the topic in the chapter on forces and equilibrium (p. 96ff).  In this context, he is able to draw more clearly the distinction between mass and weight by establishing that objects have the same mass (same amount of “stuff”) eveywhere but different amounts of weight depending on their location and the strength of gravity at that location.  Two pages later, however, he sows the seeds of confusion again.  If weight is a pull due to gravity, then to be weightless must be to have no force of gravity pulling.  But the author wants to reconcile this definition with our experience of feeling “lighter” or “heavier” as an elevator accelerates upward or downward.  He chooses to do so by stating that an object can be weightless based on its motion, not on the lack of a gravity force (p. 98; cf. Arons, 1990, p. 72)!  This approach gives an account of what happens in an elevator, but with two costs.  First, having weight and being weightless are no longer opposites; second, students have gained no insight into the apparent weightlessness seen in space shuttle videos.  The strong impression is given that the space shuttle is in “the space between the planets [that] has so little gravity that an object is essentially weightless [there]. (p. 98)”  What is the student to make of a NASA video of astronauts in the shuttle where gravity is actually about 94% as strong as it is on the surface of the earth?  It takes careful reinterpretation to realize that the impression of weightlessness in the shuttle is because both the astronauts and the shuttle are both falling together, but have large tangential velocities that keeps them from hitting the earth as they do so.

The barriers to achieve effective instruction here are high.  The distinction bewteen mass and weight must be made clearly, concisely, and in simple terms.  The need to draw distinctions between the two must be justified.  It must equally account for the everyday usage of these terms, including the related term weightless used so commonly in contradiction to its technical meaning.  This requires a tightrope act of tremendous dexterity.  To top it off, students are primed by the reputation of physics to think that it is hard and incomprehensible; so even one faulty explanation that leads to the conclusion that “I cannot possibly understand this” may permanently mar student confidence in their ability to understand any part (CITATION NEEDED).

Foundations of Physics attempts to simplify and clarify its presentation in many ways.  This extends to how the content is presented and the physical layout of the book.  Immediately on picking up this textbook one is aware of one unusual choice – it is laid out in landscape, not portrait format.  No mere cosmetic decision, this format allows for wide margins containing both graphics and sidebars (on the right) and paragraph topic phrases (on the left).  The amount of text on each page is also limited by these features; this is clearly intentional, as each page is its own discrete sub-section of the book, complete with heading.  Text never carries over from one page to the next.  Prominently using illustrations, limiting the amount of text, and providing paragraph topic phrases all seem geared to help students to know what they should pay most attention to.  This seems particularly appropriate in light of the apparent intended audience, middle school and early high school students, though this is conjecture; the author assiduously avoids describing the target audience in his introduction to the book.

Sometimes, these layout features work together to enhance the text with power and clarity.  Page 111, “More About Action-Reaction and Normal Forces,” addresses a very common student question: “how do inanimate objects ‘know’ how hard to push?”  (Clement and Camp, 1994, p. PAGE NUMBER NEEDED).  In four clearly titled paragraphs, Hsu connects the ideas of action and reaction forces, equilibrium, and Hooke’s Law of spring forces to show that, “the restoring force from the wall is always exactly equal and opposite to the force you apply, because it is caused by the deformation resulting from the force you apply.”  A large-scale figure of the wall shows a person’s “action” force on the wall and the wall’s “reaction” force on the person.  A close-up of where the hand touches the wall shows the deformation of the wall and the amount of force that results.  The close synergy among the text, figures, topics, and student experience produces a powerful explanation.

Vocabulary presents another realm of challenge to physics instruction.  Students often struggle to link a name to the underlying concept and think that if they can name a concept, they understand it.  For instance, as Arons points out, students are generally not aware that the name “gravity” “does nothing more than conceal ignorance… we have no mechanism for the interaction and no idea of how it ‘works’”  (1990, p. 70).  As a result, Arons advocates introducing ideas first, then providing names for those ideas (1990, p. 23).  It is instructive to see Hsu put this into practice with the concept and term “acceleration.”  He first introduces the idea of changing speeds on p. 50 in the context of speed versus time graphs and calculating distance traveled.  He waits to define acceleration until the next section (p. 58) as “the way we describe change in speed.”  Hsu decides not to be explicit that in physics, unlike in everyday speech, acceleration describes both speeding up and slowing down; rather he immediately uses the word to describe both situations implicitly.  He does, however, spend many pages detailing many different examples of acceleration with text, illustrations, equations, and graphs.  So far, so good.  Students have a tendency to compartmentalize, however.  When they start the next chapter on forces, they may assume that this is “something different” from what they were studying before.  As a result, students may miss that the changes in motion referred to in the context of forces (pp. 78-79) are accelerations, too.  Page 86 points out to students the surprising fact that, “the net force is also zero for motion at constant speed!” again without making explicit that constant speed implies no acceleration.

Choices of vocabulary and language may also be tied into choices in the mathematics employed.  Since mathematics is the language of physics (Peat, 1990), the implications of these choices may be significant.  For instance, the author chooses not to introduce the mathematical concept of proportionality in this book.  This limits his options in describing the relationship between inertia and force, which is fundamentally proportional (Arons, 1990, p. 54).  After all, the inertia of an object does not determine whether it will respond to a certain amount of force, but only how much it will respond.  An object with more inertia will respond to a lesser degree (with a smaller acceleration) to the same total force and an object with less inertia will respond more (with a larger acceleration); the response is in proportion to the inertia.  By choosing not to use the mathematics of proportionality, Hus is left with language such as this: “Inertia is a term used to measure the ability of an object to resist a change in its state of motion.  An object with a lot of inertia takes a lot of force to start or stop; an object with a small amount of inertia requires a small amount of force to start or stop” (p. 79).  This statement is true, of course, with the caveat of both events happening in the same amount of time, but in the absence of stating this explicitly, students are bound to think that inertia presents a threshold which must be overcome before objects start to move (Halloun & Hestenes, 1985, p. 1057; Hestenes et al, 1992, p. 144).  The sidebar on the same page taps into the same misleading language by listing the systems in a car that “overcome the law of inertia.”
Mathematics, though extremely powerful, is only one way to represent situations and concepts in physics.  Physics is rife with a wide array of representations, including text descriptions, mathematical equations, illustrations, graphs of data, free-body diagrams, motion maps, energy charts, ray diagrams, circuit diagrams, Feynman diagrams, and many others.  Chapter 3 stands out for its diversity of representations of a single idea.  The concept of speed is illustrated by a simulated stroboscopic photo (p. 36), a text description using distance & time (p. 36-37), an equation (p. 38), a different text description using change in position (p. 46), and the slope of position vs. time graphs (p. 47-48).  The coordinated presentation of multiple representations of the same model of motion are considered crucial for developing complete understanding of the model and for enhancing problem-solving ability (Hestenes, 1993; Hestenes, 1997; Van Heuvelen, 1991; Dufresne et al., 1997; Rosengrant et al., 2004; Rosengrant et al., 2006).

Simply presenting different representations does not guarantee anything, of course.  There are techniques to making the most of the diagrams, figures and the like in physics textbooks.  The classic PSSC Physics textbook gives explicit instruction to students on how to make the most of different kinds of diagrams in a textbook (Haber-Schaim et al., 1990, p. 4-7).  Foundations of Physics leaves this instruction to the teacher.  One way or another, such instruction is necessary, as many students do not intuitively know how to learn from graphics and visuals (Walpole, 1999).  It is surely difficult to find the right level of support in the text for students to make sense of the graphics on their own.  The book provides a lot of guidance in presenting two graphs that are meant to help students learn how to calculate and interpret the slope of position versus time graphs (p. 48).  The graphs are annotated with double-ended, labeled arrows that explicitly mark the amount of rise and run for the graph.  These arrows point out crucial features that, coupled with the graph itself and a caption showing substitution into the slope equation, make for a presentation that is easy to follow.  On the other hand, a figure on p. 51 shows four frames from a video of a ball rolling over a hill.  The caption confidently asserts that, “You can see that the ball slows down as it goes over the hill.”  Here it is left to the student to determine what to look at; only a careful comparison of the location of the ball in each frame compared to the scale printed on the hill makes this clear.
As with textbook figures, so too with everyday experiences: students may or may not focus on the most useful aspects when they look at their own experiences, either.  As mentioned earlier, some experiences clearly corroborate physics theory; some need explanation or interpretation because they seem contradictory to theory on the surface.  Some add interest by suggesting a broader context of relevance than just the classroom, and some provide a very specific instance that affords an opportunity to apply and learn from physics theory.  

Foundations of Physics, like many textbooks (Cummings et al., 2004, Giancoli, 2005, and many others), does its best to make frequent connections to “the real world.”  Also like many textbooks, it struggles to find the balance between exciting connections whose physics is beyond the understanding of the students and bland or contrived examples that are comprehensible but uninspiring.  
Some of its references simply list instances of an idea or concept, such as the list of forms of energy (p. 189) or the reference to electric companies charging by the kilowatt-hour (p. 410).  Others simply describe situations in which a physics concept is used for practical purposes, such as the description of engineering airplane engines to provide sufficient thrust for take-off (p. 85).  Another kind of reference to everyday life is an example that is used as part of an explanation that adds understanding.  For instance, a gymnast hanging motionless from two rings provides a context for working logically, step-by-step, from an analysis of the motion of the gymnast to the forces that must be present (p. 86).  This may or may not be exciting in and of iteself, but to the extent that they clarify a concept by giving a clear illustration of its application, such examples have great utility.

In addition, each chapter ends with an application section.  Examples include the telescope (Chapter 17, optics), the design of structures (Chapter 6, Forces and Equilibrium), and the television (Chapter 21, Electric Charges and Force).    Such sections sit at the crux of the educational challenge in physics: to discuss interesting phenomena in simplified terms that enhance students’ sense of understanding rather than undermining it.  Consider the interesting presentation on force platforms and biomechanics at the end of chapter 5 (p. 91-92).  The section provides a very lucid introduction to force platforms that are used to measure the forces produced by athletes when they jump.  A graph shows sample data from a jump and the text comments that various things could be calculated, including total energy used and maximum acceleration.  Though energy is a topic the book has not yet presented, the graph could easily provide a concrete example of how to calculate top acceleration.  But students are left to discern this for themselves.  Indeed, students may finish reading this description with the sense that any such practical computations are beyond their capabilities.

One category of  reference to experience is quite surprising by its near-complete absence.  One of the distinctive features of this textbook is that laboratory equipment comes as part of the purchase.  The laboratory investigations manual and this equipment are meant to form an integral whole together with the textbook.  This is so unusual that this text and its sisters are given their own category in the classification of textbooks suitable for 9th graders in Feierman & Hubisz’ report on the same (n.d.).  Nevertheless, the textbook is almost completely devoid of reference to evidence and observations from lab experiences such as the students are likely to have had.  Overall, the author is consistent in making frequent attempts to connect the physics he is presenting to different kinds of real-life situations.  Too often, however, the result is a “mentioning” (Ornstein, 1994,  p. 70-71) that does not enrich the understanding of the student.  The author has a good feel for applications that may be of interest to students and he gives an engaging and generally accurate account of each.  However, he rarely chooses to emphasize or make explicit the specific connections that could be made between what students have just learned and these examples.

The art of physics, and of physics teaching, is in focusing attention on that which is primary, marginalizing the secondary, representing these clearly, and making coherent connections to experience.  This is a monumental task, to which the vast array of research on physics education attests.  Foundations of Physics is a clear reflection of these challenges.  In some places, its choices are clearly inspired; in others, they run the risk of sowing confusion and misconception with students.  Its most distinguishing features are its layout, designed to help the younger student, and its associated lab program and equipment.  However, the lab program is not explicitly integrated into the textbook, so this aspect must be evaluated on its own merits.  Otherwise, a close look at Foundations of Physics does not result in a clearly superior approach to making the choices necessary in physics teaching, but rather a clear example of the difficulties of consistently meeting these challenges in ways that will necessarily help students.
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