Review of Physics Curricula Offered by CPO – Philip Coburn, PHY 690
Every spring, physics teachers take stock of the curricular materials they have been using for the year and consider whether better lab equipment, textbooks, lab manuals and the like are “out there.”  This review is an attempt to summarize my findings after looking in depth at several offerings from CPO, formerly known as the Cambridge Physics Outlet.  Although best known for their plywood physics instructional equipment, they have in recent years developed textbooks and lab manuals that they offer as part of cohesive curricular programs.  I evaluated these materials in my role as physics teacher at a private selective day school in Buffalo, NY.  The school requires all 9th graders to take physics at one of three levels: advanced, regular, and conceptual.  We have been using Paul Hewitt’s text Conceptual Physics (1997) with all levels of freshmen for at least eight years.
CPO offers three different physics program levels for high school.  The three programs share names with their associated textbooks.  Foundations of Physical Science (2nd edition, 2005, abbreviated FOPS) is a physical science program with a mix of physics and chemistry topics geared for 8th to 10th graders (according to the CPO website FAQ’s at www.cpo.com).  Physics: A First Course (1st edition, 2008, abbreviated PAFC) is a physics-first program also designed for 8th to 10th graders.  Foundations of Physics(1st edition, 2004, abbreviated FOP) is a physics program designed for 10th to 12th graders and non-physics major college students.  All three are authored by CPO founder Thomas C. Hsu.

Each program has four components: a set of student textbooks, a set of student lab manuals (called Investigations), an equipment kit, and a teacher’s guide and teacher toolkit.  Prices for each program are listed in the table.  Note that each equipment kit includes all the necessary materials to conduct all of the labs in the associated Investigations manual for one lab group, excluding consumables.  A look at the price table shows that in essence, CPO offers a set of lab equipment for free if you buy a classroom set of texts and manuals.  

The three programs have several features in common.  They all claim to be inquiry-centered with the Investigations lab manuals at the core of the curriculum; more on this later.  All three textbooks also feature a distinctive landscape format that leaves room for a column of figures and graphs on the right and a column of paragraph title phrases on the left of the central column of text.  Each page is self-contained; text never carries over from one page to the next.  This format is parlayed into a real strength.  By breaking up the text into managable chunks, providing related visuals, and cuing students with paragraph topic phrases, Hsu provides several concrete aids to reading for his audience.  While the writing in all three books does not match the folksy readability of Conceptual Physics (1997), the language is adequately clear in most cases.  Two of the texts, FOP and FOPS, are printed in two colors (black and blue) rather than the traditional four.  The real variations occur in approach and content; I will outline these next.

Overview of contents and approach: FOPS

Foundations of Physical Science (2005) contains a mix of physics and chemistry topics.  The physics units covered are Forces and Motion, Work and Energy, Electricity and Magnetism, Sound and Waves, and Light and Optics.  In addition, there are units on Properties of Matter, Changes in Matter (compounds and reactions), Water and Solutions, and Heating and Cooling.  FOPS tends to present a shallow, mostly non-mathematical theory for phenomena and then focus on one or two particularly interesting applications.  For instance, the section on electromagnets (pp. 164-167) has as much information on building an electromagnet by wrapping wire around a nail as it does information about the connection between electric current and magnetism.   

Of particuar interest to New York teachers, Hsu’s mathematical approach and depth in FOPS are significantly simpler than that used in Regents Physics; many Regents Physics equations are not presented.  Hsu employs limited use of algebra in FOPS but does not use trigonometry or formal vectors.  All force and motion problems are presented in one dimension; the use of signs to represent vectors in opposite directions is dealt with through hand-waving, not clear exposition: “To figure out the net force, we usually have to make some forces positive and some negative so they can cancel out (FOPS, p. 51).”  Free-falling objects and projectiles are not addressed mathematically.  Circular motion is not presented.  One positive is that a standard process for solving mathematical science problems is presented in detail with an example (p. 16).  Perhaps optimisitically, the CPO website provides a table with correlations among the textbook, lab manual, and New York state standards, providing a preview of the ways in which the textbook could be used to meet Regents requirements.
FOPS has one particular strength; it has the highest level of integration between the text and lab manual of the three programs.  The beginning of each chapter of the text lays out for the student the investigations associated with that chapter.  For each chapter, the first investigation is meant to be done before lecture on a topic so that students can see the phenomenon in question before formally studying it (cf. Arnold Arons’ principle of concept first, name after in Arons, 1990, p. 31).  In addition, chapters one and two explicitly and extensively address process science skills such as designing an experiment and using techniques that are accurate and repeatable.  Furthermore, chapter two presents concepts of position, speed, and distance through the lens of developing a graphical and mathematical model from data similar to that gathered in one of the investigations.  Both implicitly and explicitly, the text draws connections to the investigations, even if only to point out that, “… the strings used in your lab investigations behave just like ropes used in larger machines (FOPS, p. 70).”

In general, I would characterize FOPS as a lab-centered physical science curriculum.  Its mathematical depth and rigor are poorly suited to Regents physics, but it has a lot of potential for physical science course or non-Regents physics course.
Overview of content and approach: PAFC

Physics A First Course (2008) contains all of the standard introductory physics units with a little chemistry, thermodynamics, and relativity thrown in.  The physics units are Forces and Motion, Energy and Systems (including both energy and additional force and motion topics), Electricity, Electricity and Magnetism, Vibrations, Waves and Sound, and Light and Optics.   The more chemistry-oriented units are Matter and Energy (heat and temperature, states of matter, and the atom) and Energy and Change (energy flow and power, chemical bonds and reactions, and relativity).  PAFC tends to present more detailed theory for phenomena than FOPS and is more likely to include equations to express the relationships among variables in a situation.  For instance, in contrast to the FOPS section on electromagnets, Hsu delves into far more detail about the magnetic field created by a current-carrying wire (pp. 380-383) and includes the right hand rule for magnetic field around a straight wire.   

Hsu’s mathematical approach and depth are slightly simpler in PAFC than that used in Regents physics.  For instance, the text presents vectors in one dimension mathematically, but uses graphical methods (not trigonometry) for vectors in two dimensions.  Projectile motion is analyzed only for cases of zero initial vertical velocity.  The presentation of circular motion is mostly conceptual; linear speed is analyzed mathematically, but not centripetal acceleration or force.  PAFC employs a slightly modified version of the “New Mechanics” order of presenting force and motion (Laws, 1997), alternating between motion topics and force topics and presenting both in one dimension first, then spiraling back for a presentation of two-dimensional analysis.  No correlation is currently available between the PAFC program and New York state standards on the CPO website at this time.

PAFC lacks the explicit connections to investigations in the textbook that FOPS has; these connections are only spelled out in the teacher’s guide.  However, the explanations in PAFC are significantly more detailed and rigorous than in FOPS and it does not avoid mathematics.  For these reasons PAFC seems well-suited to a mathematically-oriented physics-first program; it could be used for a Regents-level course with some supplementation.
Overview of contents and approach: FOP

Foundations of Physics (2004) presents the most focused and traditional set and sequence of physics topics of the three.  Its units, in order, are Measurement and Motion, Motion and Force in One Dimension, Motion and Force in 2 and 3 Dimensions, Energy and Momentum, Waves and Sound, Light and Optics, Electricity and Magnetism, Matter and Energy, The Atom, and The Edge of What We Know.  FOP tends to present concepts and theories using fairly dense, moderately technical prose accompanied by equations.  To continue the comparison among sections on electromagnetism, FOP not only includes the most prose on the topic, it also includes equations for the strength of the magnetic field created by a wire and the right hand rule for the force on a charge moving in a magnetic field (pp. 456-461).  

The mathematical level of FOP is very well suited to Regents physics.  Hsu employs extensive use of algebra and enough basic trigonometry to support the presentation of vectors in one and two dimensions.  Projectile motion is limited to cases in which either the initial horizontal velocity is zero or the total vertical displacement is zero.  The forces and accelerations in circular motion are presented mathematically as well as conceptually.  Furthermore, Hsu employs notation that is broadly compatible with the notation used in Regents Physics.  As examples of the differences, Hsu uses v and v0 to represent the final and initial speeds of an object rather than vf and vi as used by the Regents curriculum.  The CPO website provides a table with correlations among the textbook, lab manual, and New York state standards (CPO, 2010), providing a preview of the ways in which the textbook could be used to meet Regents requirements.  
Similar to PAFC, FOP lacks the explicit connections to investigations in the textbook that FOPS has; these connections are only spelled out in the teacher’s guide.  FOP is clearly the most mathematically sophisticated program of the three.  In it, Hsu also employs the most technical language requiring the most advanced reading skills.  For these reasons FOP seems well-suited to a Regents physics program for 11th and 12th graders or very advanced 9th graders.
Unfortunately, the texts are not without flaws.  I have found, as have other reviewers, that there are many points in which the texts can be misleading, confusing, or inaccurate (e.g. Feierman, 2009; Hubisz, n.d.).  In particular, Hsu does not seem to take advantage of the accumulated wealth of knowledge about student misconceptions (cf. McDermott & Redish, 1999) in order to steer clear of potentially misleading language.  For instance, the concepts of mass, weight, and inertia are known to be a source of confusion for students (Arons, 1990, pp. 57-64).  In FOP, Hsu’s presentation of  mass (p. 26) and weight and weightlessness (p. 98, cf. Arons, 1990, p. 72)  could both potentially lead students to common misconceptions.  His language in the discussion of forces and inertia (FOP p. 79; PAFC p. 29, FOPS p. 48) could easily lead students to think that inertia is a threshold to be overcome, as described by Halloun, Hestenes and others (Halloun & Hestenes, 1985, p. 1057; Hestenes et al, 1992, p. 144), rather than a proportionality between force and acceleration.  It is well known that there are certain physics topics that are difficult to explain simply, concisely, and accurately to a student audience (Swartz, 1999, p. 297-308, Arons 1990); Hsu is not able to avoid many of these pitfalls.
Program Equipment Kits

The flaws in the text are unfortunate, because the associated equipment is “beautifully crafted” (Hubisz, 2008).  Each program has its own customized equipment kit that allows for one lab group to do all of the investigations in the associated Investigations manual (for prices, see table).  The support pieces and tracks are all made from heavy-duty birch plywood and seem likely to hold up as well as anything to the rigors of daily use in a high school classroom.  The equipment has the visual and tactile feel and appeal of toys (Waugh, 1995) while being thoughtfully designed to support a scientific approach to data collection.  The EnergyCar track, for example, has pre-marked locations every 5 cm for attaching the included photogates.  This makes it easy for a student to make repeatable measurements from one trial to another.  It also simplifies collecting data at regularly spaced intervals, for instance in an investigation of the speed of an object rolling down a ramp.  
However, the equipment is not without some limitations.  In particular, it is designed for a fairly narrow range of uses.  For instance, the roller coaster track allows students to roll a ball down an undulating track to investigate the changes between kinetic and potential energy.  The photogates can be placed all along the track to collect speed data at many locations, but are not adjustable up and down, so only 1.9 cm diameter balls will provide meaningful data. The track is designed so that the ball “hugs” the track along its entire length, but only if the track is connected to the stand in one particular location (the 5th hole on the stand provided).  In addition, because the track works with a single solid ball as opposed to a wheeled cart, rotational kinetic energy is significant.  Student calculations of conservation of energy will find that the faster the ball is rolling, the more energy it is “missing”.  Precisely because the equipment is designed to work as designed so reliably, it is limited to only being used in those ways.
Another strength and weakness of the equipment for all three programs is that the only tools provided for precise measurements of motion over time are photogates; no motion sensors are supplied.  This has some advantages.  The photogates allow for a very high degree of precision in measurement.  In addition, photogates are some of the most straightforward of all “black-box” devices and each program has an early investigation deliberately designed to remove all mystery from what the photogates do.  However, without motion sensors students cannot acquire real-time data for position, velocity and acceleration simultaneously and watch them change on a graph while an object is still in motion.  This real-time data observation has been shown to have concrete benefits for student learning, as described by Sokoloff et al. (2007).

Investigation manuals and Teacher’s Guides
In addition to the equipment, the programs provide Investigations lab manuals for students and a Teacher’s Guide for the teacher.  The student manuals are structured a little differently for each course.  For instance, of the two primarily physics programs, the PAFC manual contains two investigations for each chapter: one is meant to introduce a phenomenon, while the other is more of an application of the concepts learned in the chapter.  In contrast, the FOP manual contains an investigation for each section of the textbook (3 per chapter).  The FOP manual also contains far more expository text embedded in the investigations.  One of the key features of the investigations for all three programs, of course, is that all of the materials needed for one student group to conduct a single investigation are included in the equipment package.  In general, the investigations are carefully scripted and contain little in the way of open-ended inquiry.  The Investigations manuals are well-correlated to the topics in the text.  It seems to me that they provide ample opportunity for creating a lab-centered course but do not necessarily on their own create true guided inquiry.
The teacher’s guides (Hsu, 2005b; Hsu, 2008b; and Hsu 2009) are perhaps the keystone for Hsu’s claim that the programs are inquiry-based (or, as I suggest, at least lab-based).  These guides do not follow the mode typical of textbook teachers’ editions.  Often, teachers’ editions  consist of the full student text with extended margins containing additional explanations, recommendations, possible demonstration ideas, solutions to sample problems, and the like (for instance, Hewitt 2009).  The CPO teachers’ guides, in contrast, focus almost entirely on the investigations.  Each chapter or chapter section in the guide begins with an overview of the content, investigations, materials, text objectives, and skill and practice sheets for that chapter.  The rest of the chapter is devoted to providing step-by-step guidance for each page of the investigations manual.  These are presented as four wide columns across a two-page spread: overview, a sample teacher-student dialog, an image of the investigation page, and examples, data, and answers.  The dialogs, in particular, are meant to, “provide excellent support for teachers who are new to the subject area, as they identify possible student misconceptions and highlight important learning content (Hsu, 2009, p. viii).”  So, while the CPO texts do not always seem to put investigations at the heart of their presentation of physics content, the teacher’s guides do exactly that.  The guides seem like they could be a real boon in creating a physics course in which laboratory experiences were tightly integrated with, and complementary to, “textbook” learning.

In a more traditional vein, the teacher’s guides also include answers for the end-of-chapter questions in the textbooks.  These are always a boon for the busy teacher, but it should be noted that the student textbooks do not have any of these answers at the back of the book as is often done.   The teacher’s guides also provide lists of consumable materials used in each investigation.  
  In summary, the three physics programs presented by CPO are intriguing entries in the field of curricula for high school physics.  They provide a range of possible levels of math and content, tightly integrated with lab investigations and pre-packaged lab equipment.  Foundations of Physical Science seems to lend itself well to a physical science course or non-Regents physics course.   Physics A First Course  is well-suited to a physics-first program and could, with modest supplementing, be adequate for a Regents course.  Finally, Foundations of Physics is meant for an older high school audience or advanced 9th graders and is easily adapted to the Regents requirements.  The comprehensive classroom set of texts with equipment provides an unusual option that is particularly appealing for starting a new physics program.  The texts struggle, as do many high school texts, to balance accuracy, clarity, and conciseness, and are likely to be misleading or confusing at certain points as a result.  On the other hand, the investigations manuals and teachers’ guides provide an unusual degree of integration among the text and lab.  Overall, as physics teachers dream about better textbooks, lab programs, and equipment for next year, these programs merit serious consideration.
TABLE

	CPO program prices

(As of May 28, 2010)

	
	FOPS
	PAFC
	FOP

	Price of text (sold separately)
	$74
	$70
	$68

	Price of Investigations (sold separately)
	$18
	$18
	$19

	Price of equipment package (enough to do one of each experiment in Investigations)
	$2175
	$1940
	$2062

	Price of teacher’s kit and guide
	$398
	$398
	$398

	Price of Entire package (# of texts and Investigations in parentheses)
	$2944 (32)
	$2640 (30)
	$2175 (25)

	Per student price of package
	$92
	$88
	$87
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