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Curriculum Review Project
Overview:  This project consists of a review of an existing or historical curriculum.  I have chosen the Physical Science Study Committee’s (PSSC) physics curriculum.  It was originally developed as a response to criticism aimed at science education in America’s public school system in the 1950s.  At that time, the cold war was a prominent fixture in world politics, with the United States and the Soviet Union at odds.  The Soviets’ launch of Sputnik in 1957 served as a wake-up call for America to step up the quality of its science education in order to ‘keep up’ in the technology race. The National Science Foundation sponsored programs to back curriculum developments in America’s schools, of which PSSC is one.  The third version of the PSSC curriculum is reviewed here.

I. Curriculum Summary
a) Overall curriculum goals 

The overall goal of the PSSC curriculum is to present physics as a coherent set of important and related concepts that have developed over the years, in order to stimulate students to independently arrive at solutions to problems and knowledge of concepts.  Presenting physics in this manner is an attempt to impart the significance of the subject as comparable to all others.  The curriculum was originally formulated after it was found that physics programs in the early 50s were out of date, lacked unifying themes, contained too many technological applications and not enough concept development, and simply presented too much material for all topics to be taught effectively.  The specific goals of the curriculum are to alleviate all of these problems.

The PSSC curriculum does away with the many brief description of physical laws and mathematical applications and replaces them with fuller accounts which tell the story of science as a human activity. Thus, it tends to exclude technological innovations, normally a part of conventional physics curriculums at that time.  Certain topics are actually omitted in order to allow for more in-depth discussion of more important, ‘modern’  topics; the omitted topics are provided as supplementary (optional) material.  Students are given directions, questions to answer, and hints toward the solution, but are expected to think on their own.

This particular edition contains several ‘improvements’ over the previous two.  The preface claims it to be more ‘streamlined’, enabling students to ‘better relate the fundamentals of physics to the world around them.’  There is more emphasis on the particle nature of light, Newtonian mechanics is covered before optics, and questions are placed between units to allow assessment before moving on to the next.  The book also contains what it calls ‘excursions’, which are short photo essays highlighting natural phenomenon or technological applications.

b) Major unit titles and sequence

Unit titles and the overall sequence are provided here as a photocopy of the table of contents of the book, attached to this paper.

c) Unit goals/objectives from two units


The two units I will discuss here are entitled “Motion Under Some Common Forces” (unit 4) and “Gravitation on the Large Scale” (unit 5).


Unit 4 is meant to be the beginning of the study of natural forces.  It covers the ideas of weight and gravity, air resistance, simple projectile motion, harmonic motion, and pendulums, frames of reference and Newton’s Laws.  There are no clear objectives given in the copy of the book which I have.  However, I will infer that by the end of this lesson, students will be able to:

· Explain how weight and gravity are related.

· Determine and calculate how objects fall toward earth.

· Intelligently express the concepts behind air resistance.

· Calculate the paths of projected objects.

· Explain harmonic motion in terms of different forces.

· State what is meant by ‘different frames of reference’.

· Explain how Newton’s Law came about and its applications.

Unit 5 is an extension of unit 4 and deals with the force of gravity on a planetary scale.  It exposes students to the concepts of the gravitational field near the earth, satellites, the motion of the moon, Kepler’s Laws, and universal gravitation. It also includes an historical sketch of some famous astronomers and mathematicians who contributed to this specific discipline.  Unit goals and objectives have the student being able to:

· Understand the concepts behind gravitational forces near the earth and far from it.

· Explain in physical terms the forces that keep satellites around the earth.

· Calculate the magnitude of the moon’s centripetal acceleration.

· Use Kepler’s Laws to predict the motion of planets.

· Provide a brief biographical sketch of famous astronomers/mathematicians.

d) Sample activity/laboratory from a selected unit


The sample activity is provided here as a photocopy of physics problems at the end of unit 5, “Gravitation on the Large Scale”.

I. Curriculum Evaluation
a) Interests served by the curriculum

As discussed in class recently, there are four major interests which influence curriculum development: state (government) interests, parental interests, societal interests, and ‘incumbent’ (teacher) interests.


I think the goals and objectives of the PSSC curriculum clearly are meant to satisfy the interest of the state (the philosophy behind the curriculum benefits the teacher, but I don’t think that teachers interests were considered when developing this curriculum).  To illustrate this I will cite three goals of the curriculum as stated above.


The broadest goal of this curriculum is to present physics as a coherent and important set of concepts, as important and vital as any other field of study.  During the 1950s when it was becoming apparent that the United States was losing the space race, the government needed to impart a motivation to study physics into students, and to stress its importance relative to other subjects.  Certainly, parents and society probably had little interest in making sure that physics was presented to students in this way.  Another goal of the PSSC was to bring the curriculum up to date. Again, when considering the then-current frame of mind of the country and the panicked attitude toward the development of new technology, it is easy to see how this is a state interest.  If American scientists were being taught ‘old’ physics, the country would fall further behind in the race.  The omission of certain topics to make way for more in-depth study of important and modern topics is again a state interest.  The government wanted to make sure that the right things were being taught in order to produce bright scientists to help the country in the technology race.


The fact that the curriculum was meant to foster independent thinking and problem-solving appears to benefit teachers, but I think this is a secondary effect.

b) Sequence of instructional units


The sequence of instructional units is attached. Personally, I don’t see the sequence as entirely logical (which, of course, goes back to the whole issue of what is ‘logical’ to one teacher might be entirely ‘illogical’ to another).  The general idea good in that basic laws of motion are covered early, but it seems a bit mixed up.  For example, it would make more sense to me to cover electric current after electric charge, fields, and potential, instead of having those separated by the Rutherford atom, magnetic field, and induction.  I also question introducing Newton’s Laws of motion directly after motion in one dimension as the second unit in the sequence, before the concept of motion in three dimensions.


Pedagogically speaking, the sequence is satisfactory, but in my opinion might benefit from some minor reshuffling.

c) Unit goals and overall curriculum goals


I think the goals from units 4 and 5 as specified above are logically related to the overall curriculum goals.  For example, the broad curriculum goal here is to present physics as a coherent set of concepts that illustrate its importance.  The goal of unit 4 is for students to be able to explain forces of gravity and how they are related to the motion of objects.  Such natural phenomenon are fundamental to our existence and govern everything tat happens every day.  The unit doesn’t seem to place an emphasis on calculations leading to a correct answer, but rather on the acquisition of concepts. This is directly in line with the broad goal of the PSSC curriculum.  Unit 5 is similar to unit 4 in this respect, and includes a biographical sketch of important figures in history.  Again, this is meant to stimulate interest in physics by providing accounts of science as a human activity through the ages. 


As far as specific goals of the curriculum are concerned, there seems to be a good relation between them and the goals of units 4 and 5.  For instance, the goal of the PSSC curriculum to provide more unified themes is clearly achieved in both of the units’ objectives.  Technological applications of motion and gravity are not presented, but rather the student is expected to demonstrate and understanding of concepts and how they relate to one another.  The material covered in these two sections is anything but out of date, considering at the time the great importance being placed on winning the ‘space race’ with the Soviet Union.

d) Appropriateness of sample activity


The page of activities I have included here is from the ‘For Home, Desk, and Lab’ section at the end of unit 5.


The sample activities appear to be appropriate for the specific goals and objectives of this unit.  For example, questions 27 and 28 let the student use Kepler’s Laws to analyze the earth’s (and a comet’s) movement around the sun and questions 24 and 26 deal with frames of reference.  Satellites and the gravitational forces that keep them in orbit are covered in questions 29 and 30.


The very title of this section of physics problems is in accordance with the general goals of the PSSC curriculum.  Another observation worth mentioning is that fact that most of the questions are very much designed to get the student thinking and evaluating rather than simply cranking out calculations to arrive at an answer.  This sort of thought-provoking questioning is a direct reflection of the overall curriculum goals and objectives of the PSSC curriculum.

e) Perception of the learner


This is perhaps the most interesting aspect to consider in a curriculum review.  The perception of the learner by the developer of a curriculum is a telling glimpse into the minds of those who play a role in directing education in this country.  


I think the learner is seen by the curriculum developers as intelligent, motivated, and fairly easily guided towards knowledge.  I say this because of the general nature of the curriculum objectives, which are to present physics as a coherent set of concepts designed to guide the student to enlightenment.  The curriculum developers assume a certain amount of inherent student interest and independent thinking by not simply requiring them to calculate the answers to problems.  This seems to be a good thing, but perhaps the curriculum developers are assuming that the students all have scientific minds and would like to be scientists someday.  We all know this is not the case, of course, and that has always been a problem when it comes to teaching science.


Perceptions of learners can be looked at in more detail by taking a few instructional objectives and classifying them according to their representative theories of learning.  In this case, the PSSC curriculum developers seem to be ‘ahead of their time’.  For example, consider the following question at the end of unit 5:

26.  Is the moon’s motion easier to describe in the frame of reference in which the sun is at rest, or in the frame of reference in which the earth is at rest?  Why?

This question definitely falls under the cognitive theory of learning, specifically the insight theory.  It seems to assume that the students’ actions follow certain psychological laws of organization, and promotes insightful learning.  As discussed in class, the cognitive theory of learning didn’t develop until the 1980s (and is still in use today); recall that the PSSC curriculum was originally developed in the late 1950s.


The following question from the end of unit 5 also falls under cognitive umbrella:

32.  The earth is acted upon by the gravitational attraction of the sun.  Why doesn’t the earth fall into the sun?  Be prepared to discuss your answer.

Here, the particular theory of learning being applied appears to be ‘goal-insight’.  I propose this because the emphasis is on aiding the student towards development of a high quality insight, and in a way allows the student to exercise a sense of his or her relationship with the environment.  


It is interesting that the theory of learning which was most prevalent amongst psychological research during the 1950s is not evident in the PSSC curriculum.  The stimulus-response theory dealt with conditioning and reinforcement and in my opinion is a poor learning method for students.  In addition to the insight and goal-insight theories of cognitive learning, the objectives of the PSSC curriculum also apply the specific cognitive-field theory.  In this theory, the emphasis in  teaching is to help students “restructure their life spaces – to gain insights into their contemporaneous situations.”  This is exactly what the PSSC curriculum is trying to do by promoting physics as a coherent set of ideas developed throughout human development that is equal in importance and relevance to the subjects.


A final thought worth noting is that this curriculum has, in my opinion, a certain element of classical humanism to it.  Plato and Aristotle believed that the best learning took place as a cultivation of a student’s intellect, and the training of intrinsic power.  The PSSC curriculum developers seem to agree with this.  They treat the students minds as having an intrinsic scientific curiosity that only needs to be nudged in the right direction for knowledge to flower.  The sample activities I have included from unit 5 are exercises to strengthen the mind, and encourage mental discipline.

f) Level of inquiry orientation in the curriculum


Generally speaking, the PSSC curriculum seems to be inquiry oriented.  It is certainly supposed to be inquiry oriented, based on it’s overall objectives and goals.


In order to accurately critique the level of inquiry, I will analyze several activities selected at random throughout the PSSC text, and use the Herron scale for my analysis.  I base the level of inquiry of these activities on whether they are level 3 (most inquiry-oriented), level 2 (moderately inquiry-oriented), level 1 (low level of inquiry), or level 0 (no inquiry involved).


The following activities seem to be the most inquiry-oriented of the bunch, and I would assign them to level 3:

Unit 23, #32.  If sound is a wave phenomenon, how would you explain the common experience of hearing sounds around corners?

Unit 21, #1.  Suppose you want to ascribe a size to light particles.  You know that even two intense beams of light can go through each other without any deflection.  What would this tell you about particle size?

Unit 4, #6.  What happens if you throw a ping-pong ball faster than its terminal velocity?

Unit 24, #7.  What would happen to the (interference) nodal lines if one of the two sources made weaker and weaker waves and then quit?


The student is not presented with a problem to solve in any of these three exercises, a condition with separates them from the other Herron levels. A topic is presented for the student to ponder, of course, but neither solutions nor methods are prescribed as to how the student might go about thinking through the topics.  These are open-ended questions, and very inquiry-oriented exercises.


The following group of activities represents Herron level 2:

Unit 11, #3.  What is the effect on the force between two charged spheres if a) the charge on each is doubled?  b) the distance between the centers of the charged spheres is doubled?

Unit 19, #20. What is the critical angle for light passing through water?

Unit 26, #3.  What would be the wavelength of light that would appear first if cesium were used in the Franck-Hertz experiment?

Unit 5, #2.  What is the change in the gravitational force acting on an object whose mass is 5.0 kg if it is moved from New York to the Canal Zone?


I think the only real difference between these activities and the level 3 activities is the fact that here the specific problem is given to the students to solve.  What makes these more inquiry-oriented than the following two lies in the open-ended nature of methods and solutions toward solving the problems.  No hints or guidance are given, leaving the student wide open to determine his or her own method for solving the specific problem.  These are certainly inquiry-oriented activities, though not at the highest level of inquiry.


The remaining two activities can be classified as level 1:

Unit 12, #5.  You found that the binding energy of the electron to the proton was 2.3 x 10 –18 joule.  How many electron volts is this?

Unit 14, #28.  If a nuclear power plant uses up 10^9 watts of nuclear energy, how long will 1 kg of Uranium 235 last?


It is obvious that these are not as inquiry-oriented as all of the other ones.  Here, a specific problem is given which requires a calculation, and the methods and solutions are maybe not explicitly provided, but should be very obvious after reading the text preceding these problems.  These problems require the student to discover relationships that are only a short step above what is explicitly given in the book.


I believe that the above analysis shows clearly that the PSSC curriculum is in fact inquiry-oriented.  Most of the randomly selected activities could be classified in the higher levels of the Herron scale, and none of them could really be classified as level 0.  The nature of these activities is in agreement with the overall goals and objectives of the PSSC curriculum.

