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Abstract

This paper describes a peer teaching project intended to be used as a unit-end review.  The project allocates NYS Regents Physics content standards to student groups and requires them to find an applet that demonstrates the principle.  The applet is then used as the center of a peer-teaching session. Justification for the project is given based on references from the literature that support both peer teaching and the use of applets in the classroom.  Pre and post testing results do not support the hypothesis that this peer review project will increase student achievement on NYS Regents questions in physics. 

I.  Intro


With the wide variety of physlets on the web today, they are a resource that begs to be taken advantage of.  While it is important not to substitute computer simulation for hands on experience, guided Socratic explorations using physlets must walk the line between strict direction and cognitive roadblocks hidden in overly un-defined or open-ended tasks.  In order to avoid this complication associated with guided Internet based activities, I have developed a project that asks students to use physlets as a peer-teaching tool.


In a classroom where physlets have been integrated into lectures and demonstrations, students have seen techniques of effective teaching with the simulations modeled for them many times by the end of the year.   The students’ experience can be drawn upon in a review project that allows them to choose a physlet and use it to teach the fundamental concept it portrays to a small group of their peers.  In the pre-existing divisions of curriculum that exist in the New York State Regents content standards there exists a complete list of concepts from which the students can choose to investigate.


Once students are assigned individual content standards, they are sent to the computer lab to search out a physlet that will help them effectively explain the concept behind the standard they have been assigned.  The self-guided nature of their investigation avoids a closed ended experience, while the context, a topical review session, avoids the confusion that might surround a topic to which the students have had little or no previous exposure to.

II.  Justification


The idea for this project came up when I was considering my options for 3 days of school in April when I was anticipating low attendance.  My colleagues in the science department at Williamsville South were expecting between 50% and 70% of our normal classroom numbers because these days were during the week originally scheduled as “spring break”.  Due to an unforeseen week of “snow days” in October, our break was shortened.  I was considering a review project that would be meaningful, yet easily transferred to students who were not present.  I had already wanted to use physlets as the basis for the project, but it was only as Wednesday was upon me that I realized it would be an excellent opportunity to use the recent Electromagnetic phenomena test as a pre-assessment for all students, allowing a pseudo-scientific research project to be conducted on the effectiveness of the review project.  As I considered the options, I looked to the professional literature for support of the use of peer teaching and physlets in the classroom.

Peer teaching is a strategy that has been documented as successful.  As an example of cooperative learning, it can be correlated with both academic and social gains for high achievers in science education settings. (Johnson et al., 1994)  Peer teaching has specifically been correlated with students of all levels in introductory college biology classrooms (Tessier, 2004).  In addition to these science specific references, peer teaching has been claimed effective in dozens of studies that have focused on different subject matter and structures of peer teaching. (Menall 1975)


  In addition to specific research on peer teaching, the potential for having students teach each other can be traced back to basic educational psychology.  If we start with the assumption that the goal of our classroom is to invoke higher levels of thinking as described in Bloom’s Taxonomy, reteaching of skills and knowledge requires skills of Comprehension or Analysis as described in Bloom’s treatise (1956).  This then ensures that a student who successfully completes a peer teaching task has reached a level of thinking beyond basic knowledge.


A third perspective from which to justify a peer teaching review project that uses physlets as their central tool is the growing documentation of the successful use of physlets in science and mathematics classrooms.  A particularly insightful piece of research was done by Lee et al. (2004) in which it was found that students availing themselves of learning opportunities with physlets gained a better understanding when they were not allowed to manipulate input variables in the demonstrations, but rather guided through worked example problems created in the context of the physlets.  This is important to this project in its explanation.  The authors of the study suggested that understanding would not develop if “cognitive load” was too high.  This is relevant here in that this project was developed as a review so that the students would have an understanding of the subject to begin with, and thus the cognitive load of analyzing and reteaching the content would be sufficiently manageable that they would find benefit in the exercise.


There exists additional support for the structure of the review project in two more places. The “New York State Content Standards” have already divided the content of introductory physics into a laundry list of individual concepts.  With this, it is logical to use items from this list as foci for individual student projects.  Finally, I would claim, despite a lack of real statistical evidence, that students motivation and achievement when items such as like state mandates and standards are made explicit to the students.
 

III.  The Project


The process of the project itself is split up into six parts for the students.  For each step students are given a brief description of what they much accomplish (Appendix A) and a grading checklist to lead them through important details. (Appendix B)  As the project progresses the teacher will check off what the students have and have not accomplished, including whether or not they have met the assigned due dates. 


The first step is for the students to find groups.  In order to ensure there will be enough students groups to cover every content group, I created an incentive for working in pairs instead of groups of three.  Once the students have chosen their partners, I assign them one of the predetermined content groups. (Appendix C)  Each group consists of 1 – 3 closely related content standards that could be addressed by one or two physlets.


Once students have been assigned content groups they must read the standards they have been assigned and create a diagram that depicts the ideas in context.  The diagrams must be well labeled and include a title and a key.  The purpose of creating the diagrams is twofold.  Firstly, it ensures that they understand the ideas they are to present.  Secondly, it gives them visual cues to look for when they are searching for a physlet to use in their lesson.


The third step in the review project is to actually find one or more physlets that match their content group or content standards.  This requires a day in a computer laboratory when the students can search and I can be present to ensure their choice of physlet is appropriate.  Once they have found a physlet they are required to write a description that focuses their attention on the connection between what they see on the screen and what is stated in the content standards.  The description must address both qualitative and quantitative aspects of the physlet.


After the students have thoroughly analyzed their chosen physlet, they are in a position to create a lesson plan for their peer teaching experience.  The project checklist suggests they do this in four parts.  Part one is to state the content standards they have been assigned and use a combination of class questioning, to solicit prior knowledge of the review topic, and direct explanation to make clear to the audience the vocabulary required to effectively discuss the relationships involved in those standards.  Part two of the lesson should involve using the physlet to show the relationships in the standards, both qualitatively and quantitatively, by soliciting predictions of what will result as the user controls of the physlet are manipulated.  Part three is the presentation of an actual regents question and an explicit explanation of how the information given in the problem is connected to the standards.  Finally, in part four of the lesson, the class is to whiteboard the problem and the presenting group is to explain the solution using the student whiteboards.


Step five in the review project process is the actual presentation of the lesson.  Students are encouraged to use PowerPoint to smoothly integrate the physlet into the lesson.  Students are also encouraged to use good public speaking methods, as indicated on the review project grading checklist.


After the review lessons have been taught, each participant is asked to write a simple reflection on their experience.  Although they are encouraged to share their thoughts about the project in general, the points they are required to include are; what went well, what went poorly, and what ideas do they understand better after the experience.  For each item they are asked to include a speculation as to why certain aspects turned out well or not. 


The groups of content standards can be found in Appendix C.  The standards were first divided into  categories that coincided with units in a typical regents level physics course.  The categories I chose were “Motion”, “Forces and Momentum”, “Energy”, “Electricity and Magnetism”, “Waves”, and “Modern Physics”.  Within each category, standards that addressed similar content were grouped together.  An attempt was made to create groups that could be completely addressed with one physical context, and therefore one physlet.  This was done for the sake of simplicity of the students’ lessons, allowing them to focus on one physlet, even if their content group required them to consider different aspects of that physlet during the course of the review project.  This resulted in a draft list that contained a number of groups with only one standard.  For the practical reason of reducing the number of content groups, adjustments were made to group together standards that were closely linked, but not quite the same context.  The resulting list of fewer content groups could be covered with fewer peer presentations that were of higher complexity.  This was a compromise aimed at saving on class time.  

IV. Testing procedures


In order to evaluate this peer review project I started with the hypothesis that participation in the project would increase student achievement on NYS regents questions in physics.  Testing of the hypothesis was done using old regents questions that appeared on a test originally given as a unit test on electricity and magnetic phenomena.  Items were selected, from the test, that were relevant to three of the content groups that this trial of the review project would focus on.  Additional items were selected that would not be covered by the review.  Together, these relevant and non-relevant test items make up the instrument that was used to evaluate the effectiveness of the peer review project.  The items selected from the test, and the groups they are associated with, appear in Appendix D.  


 Pretest data was taken by tabulating student performance on the selected items on the original administration of the unit test. For the posttest, students were asked to complete the same relevant items after the review had taken place.  The data was analyzed on a group basis, so that no one student’s individual data was considered.  A pseudo-control group was created, as students who were not present in the early stages of the project were not assigned to create a peer review unit.  These students did, however, observe the peer taught lessons.  The remaining portion of my class was assigned to create a peer review lesson.  All students were tested after the review sessions had taken place.  It is important to note that the selection of the groups was not entirely random, a fault in the experimental method. The evaluation of the review was begun during 3 days of school for which student attendance was not very high and the participants in this experiment were students who were in attendance on these days. While there was no apparent trend as to whether the participants were high or low achieving students, no true statistical analysis was done to ensure that the sample was truly representative of the class.

V. Results


Qualitatively the project was a success.  The students involved seemed to enjoy the opportunity to present their knowledge to the class.  Even students who are usually hesitant to speak out seemed able make ample presentations based on the inherent structure of the project.  The level of interest the students had in the project was higher than I had anticipated. 


Quantitatively the evaluation of the project showed that it was not particularly effective.  Data can be seen in appendix E.  A T-test, performed on the pre- and posttest scores showed that the difference in the two sets of scores was statistically insignificant.  This is true whether or not the unreviewed test items are included into the scores. This being said, there was about a 10% gain in the average scores for students who participated fully in the peer review.

VI.  Conclusions


The analysis of the data does not support the hypothesis that this peer review project will increase student achievement on New York State Regents questions.  There was no significant difference between the pre and posttest scores.  This result may have occurred because the project is not effective.  There are a number of other issues with the experimental design, however, that may have affected the results.  Some of these issues are statistical in nature, and others have to do with the environment in which the project was evaluated.


The first issue is with the validity of the testing instrument that was used to evaluate student achievement, that is the pre and posttest.  This instrument was a collection of regents questions that were originally chosen for a different purpose, a unit test, and not as a scientific evaluative instrument.  As a collection of questions, no research was ever conducted that shows that this particular set of questions is an accurate predictor of student achievement on a regents exam, nor has it been shown to be a statistically valid assessment of student understanding. It is likely that this was not a good test, making it impossible to collect meaningful results.


A second issue is with the nature of my experimental group.  The population I evaluated the project with was neither large, nor random.    With only twenty students in my sample, the average gain of the sample would have to have been very large to be statistically significant.  Comparison of the average scores for pretest and posttest do show a small gain, but with such a small population, it would not be valid to suggest that my hypothesis was supported.  The sample was not random because they were students who were in attendance during a period of time in which the school experienced unusually high absentee rate.  This had to do with a change of vacation schedule for the school for a time when many families chose to take vacation anyway.  It is possible that there are correlations between the students who were in attendance and any number of other factors, including socio-economic factors, levels of intrinsic motivation, and student attitudes about school.  With these possible correlations affecting the choice of my sample, it would have been difficult to make a conclusion about the general effects of the review project even if their had been significant posttest gains within the population. 


A third issue with the experiment is with the context in which the pre and posttest was given.  The pretest was actually part of a graded unit test.  The students felt that it was an important part of the curriculum and a significant influence on their grade.  It is likely that the students studied before the test and were exerting a fair amount of effort during the resting event.  The posttest, on the other hand, was not graded and the students were aware of this.  They knew that they had already covered the material and possibly felt that the taking of the test was not important, despite my requests for the students to take it seriously.  For these reasons, some students may have not put forth the serious effort required to answer the questions correctly.


The final issue
with the experiment is with the timing of its execution.  The three days that were supposed to be spring break were not school days taken seriously by many students.  The students were aware that attendance was low and that much of the work being done during this time was inconsequential.  This means that the introductory research put into the review project during these days may not have been taken seriously and not had the impact on their understanding it could have had it been during the regular school year.


Despite the lack of statistical evidence to uphold the hypothesis that this physlet based review project will improve student achievement, there is some circumstantial evidence that it was a worthwhile classroom event.  This consists of my casual observation of the affective results of the project.  The students enjoyed the open-ended nature of the process and the chance to present in front of their peers.  Many did not follow my suggestions for lesson format, but nonetheless gave lively and accurate explanations of the concepts they were assigned to present.  Part of the reason for this might have been the students pre-existing comfort with the creation of “PowerPoint” presentations.  Although no suggestion was made that the lesson should be given with the aid of PowerPoint, every group did so.  The presentations created by the students included lots of relevant graphical representations in addition to direct links to the physlets they had been required to use.  Overall the aesthetics of their work was excellent and humor was often used effectively.  Although this was not a goal of the project, I think the demonstration of the students’ abilities with the software made for motivational gains that will last beyond this project.

Appendix A (assignment description student handout)

Physlet Review
Objective
Examine a group of physics ideas (known as “content standards”) and lead the class in a short review session of those ideas with the aid of online animations like the ones Mr. Sears has used during the unit.  

Process
Step #1 

Find 1 or 2 partners (+2 bonus points for working in pairs)

Get a Group # from Mr. Sears

Step #2

Pick a context that demonstrates your concepts.

Draw diagrams to show the concepts in context

Step #3

Find a Physlet

Describe the physlet in writing

Write and explanation of the connection between the physlet

Step #4

Make a step-by-step lesson plan for each of 4 sections:


1. Introduction (what are your standards)


2. Physlet presentation (What do the standards mean)


3. Typical question (Present an actual regents question)


4. White boarding (Discuss solution after class attempts to solve question)

Plans for parts 1 & 2 should include at least 4 questions to ask the class during the lesson.

A complete solution should be prepared for parts 3&4, even if the example is multiple choice. 

Step #5

Present the lesson to the class

Step #6

Write a reflection of the experience including:


What went well during the lesson.


What went poorly during the lesson.


What you understood better after the process

Appendix B (Grading Checklist)
Group # assigned___________



Name ____________________________

Step #1




 

____________________________

( Find group (____)






( Get group #




    

____________________________

Step #2








(x2 On time (due:_________________)

( Appropriate Context

(Diagram


( Neat and well drawn
( Labels on objects
( Title and key


( Labels and vector arrows on any relevant measurements



Step #3

(x2 On Time (due:________________)

( URL and name of appropriate physlet

( Written Description 


( Visual appearance
(Animation
( Variables (quantities)


( User Controls

( What physical actions are represented


(What do the standards say about the quality of those actions?


( What do the standards say about the quantities displayed?

Step #4

(x2 On Time (due:_______________)

( 4 part Lesson Plan 

Pt1
( ID of Standards
( Define terms 
( Questions for class

Pt2
( Explain Concept
( Explain physlet
( Adjust controls/Ask for predictions


( Run Physlet/Discuss results

( Present alternative context

Pt3
( Appropriate regents question

( Explain connection to standards

Pt4
(Complete/accurate solution 

( Closing

Step #5

(x2 On Time (due:_________________)

( Face class
( Speak clearly
( All partners speak
( Integrate Physlet smoothly

( Pt1
(Pt2
(Pt3
(Pt4

( Stay focused


Step #6 (One reflection from each team member) (due:__________________)

__________________

_____________________

______________________

( On Time


( On Time


( On Time

(What went well

(What went well

(What went well

(What went poorly

(What went poorly

(What went poorly

( What you learned

( What you learned

( What you learned

Appendix C (Content Standard Review Groupings)
Electric and Magnetic Phenomena Group Assignments:

Group #1

4.1b Energy may be converted among mechanical, electromagnetic, nuclear, and thermal forms. 

4.1p Electrical power* and energy* can be determined for electric circuits. 

4.1.vi. Recognize and describe conversions among different forms of energy in real or hypothetical devices such as a motor, a generator, a photocell, and a battery

Group #2

4.1n A circuit is a closed path in which a current* can exist. (Note: Use conventional current.) 

4.1.viii. Measure current and voltage in a circuit

4.1.xiii. Draw and interpret circuit diagrams which include voltmeters and ammeters 

Group #3

4.1l All materials display a range of conductivity. At constant temperature, common metallic conductors obey Ohm’s Law*. 

4.1.ix. use measurements to determine the resistance of a circuit element

4.1.x. interpret graphs of voltage versus current 

Group #4

4.1m The factors affecting resistance in a conductor are length, cross-sectional area, temperature, and resistivity.* 

4.1.xi. Measure and compare the resistance of conductors of various lengths and cross-sectional areas 

Group #5

4.1o Circuit components may be connected in series* or in parallel*. Schematic diagrams are used to represent circuits and circuit elements. 

4.1.xii. Construct simple series and parallel circuits 


4.1.xiv. Predict the behavior of lightbulbs in series and parallel circuits 

Group #6

4.1k(a) Moving electric charges produce magnetic fields. 

4.1.xv. Map the magnetic field of a permanent magnet, indicating the direction of the field between the N (north-seeking) and S (south-seeking) pole

Group #7

4.1j Energy may be stored in electric* or magnetic fields. This energy may be transferred through conductors or space and may be converted to other forms of energy. 

4.1k(b)The relative motion between a conductor and a magnetic field may produce a potential difference in the conductor.

Group #8

5.1s Field strength* and direction are determined using a suitable test particle. (Notes: 1)Calculations are limited to electrostatic and gravitational fields. 2)The gravitational field near the surface of Earth and the electrical field between two oppositely charged parallel plates are treated as uniform.) 

5.1u The inverse square law applies to electrical* and gravitational* fields produced by point sources. 

5.1t Gravitational forces are only attractive, whereas electrical and magnetic forces can be attractive or repulsive. 

Group #9

5.3b Charge is quantized on two levels. On the atomic level, charge is restricted to multiples of the elementary charge (charge on the electron or proton)

5.3f Among other things, mass-energy and charge are conserved at all levels (from subnuclear to cosmic).

Motion Group Assignments:
Group #1

5.1.i.  Construct and interpret graphs of position, velocity, or acceleration versus time

5.1.ii.  Determine and interpret slopes and areas of motion graphs 

5.1d An object in linear motion may travel with a constant velocity* or with acceleration*. (Note: Testing of acceleration will be limited to cases in which acceleration is constant.)

Group #2
5.1.iii.  Determine the acceleration due to gravity near the surface of Earth 

5.1e An object in free fall accelerates due to the force of gravity.* Friction and other forces cause the actual motion of a falling object to deviate from its theoretical motion. (Note: Initial velocities of objects in free fall may be in any direction.)

Group #3
5.1a Measured quantities can be classified as either vector or scalar.

5.1b A vector may be resolved into perpendicular components.*

5.1.vi.  resolve a vector into perpendicular components both graphically and algebraically 

Group #4
5.1.iv. determine the resultant of two or more vectors graphically or algebraically

5.1c The resultant of two or more vectors, acting at any angle, is determined by vector addition.

Group #5
5.1.vii.  sketch the theoretical path of a projectile 

5.1f The path of a projectile is the result of the simultaneous effect of the horizontal and vertical components of its motion; these components act independently.

Group #6
5.1g A projectile’s time of flight is dependent upon the vertical component of its motion.

5.1h The horizontal displacement of a projectile is dependent upon the horizontal component of its motion and its time of flight. 

Forces and Momentum Group Assignments:

Group #1
5.1.viii. Use vector diagrams to analyze mechanical systems (equilibrium and nonequilibrium) 

Group #2
5.1j When the net force on a system is zero, the system is in equilibrium.

5.1i According to Newton’s First Law, the inertia of an object is directly proportional to its mass. An object remains at rest or moves with constant velocity, unless acted upon by an unbalanced force.

Group #3
5.1.ix.  Verify Newton’s Second Law for linear motion 

5.1k According to Newton’s Second Law, an unbalanced force causes a mass to accelerate*.

Group #4

5.1.xi.  Verify Newton’s Second Law for uniform circular motion

5.1n Centripetal force* is the net force which produces centripetal acceleration.* In uniform circular motion, the centripetal force is perpendicular to the tangential velocity.

Group #5

5.1.x.  Determine the coefficient of friction for two surfaces 

5.1o Kinetic friction* is a force that opposes motion.

Group #6

5.1.xiii. Determine a spring constant

5.1m The elongation or compression of a spring depends upon the nature of the spring (its spring constant) and the magnitude of the applied force.*

Group #7

5.1.xii.  Verify conservation of momentum 

5.1r Momentum is conserved in a closed system.* (Note: Testing will be limited to momentum in one dimension.)

Group #8
5.1l Weight is the gravitational force with which a planet attracts a mass*. The mass of an object is independent of the gravitational field in which it is located. 

Group #9
5.1pThe impulse* imparted to an object causes a change in its momentum*. 

Group #10
5.1q According to Newton’s Third Law, forces occur in action/reaction pairs. When one object exerts a force on a second, the second exerts a force on the first that is equal in magnitude and opposite in direction. 

Energy Group Assignments:
Group #1

4.1.i. describe and explain the exchange among potential energy, kinetic energy, and internal energy for simple mechanical systems, such as a pendulum, a roller coaster, a spring, a freely falling object 

4.1.ii. Predict velocities, heights, and spring compressions based on energy conservation 

4.1a All energy transfers are governed by the law of conservation of energy.*

Group #2

4.1.iii. Determine the energy stored in a spring 

4.1c Potential energy is the energy an object possesses by virtue of its position or condition. Types of potential energy include gravitational* and elastic*.

Group #3

4.1.iv. Determine the factors that affect the period of a pendulum 

Group #4

4.1.v. observe and explain energy conversions in real-world situations 

4.1b Energy may be converted among mechanical, electromagnetic, nuclear, and thermal forms.

4.1.vi. Recognize and describe conversions among different forms of energy in real or hypothetical devices such as a motor, a generator, a photocell, a battery 

Group #5

4.1.vii. Compare the power developed when the same work is done at different rates 4.1i Power* is the time-rate at which work is done or energy is expended.

Group #6

4.1e In an ideal mechanical system, the sum of the macroscopic kinetic and potential energies (mechanical energy) is constant.*  

4.1f In a nonideal mechanical system, as mechanical energy decreases there is a corresponding increase in other energies such as internal energy.*

Group #7

4.1g When work* is done on or by a system, there is a change in the total energy* of the system. 

4.1h Work done against friction results in an increase in the internal energy of the system.

Group #8

4.1d Kinetic energy* is the energy an object possesses by virtue of its motion. 

Waves Group Assignments:
Group #1

4.3.i.  compare the characteristics of two transverse waves such as amplitude, frequency, wavelength, speed, period, and phase 

4.3.ii. draw wave forms with various characteristics 

Group #2

4.3f Resonance occurs when energy is transferred to a system at its natural frequency.

Group #3

4.3.iv. differentiate between transverse and longitudinal waves 

4.3e Waves are categorized by the direction in which particles in a medium vibrate about an equilibrium position relative to the direction of propagation of the wave, such as transverse and longitudinal waves.

Group #4

4.3.v.  determine the speed of sound in air 

Group #5

4.3.vi.  predict the superposition of two waves interfering constructively and destructively (indicating nodes, antinodes, and standing waves) 

4.3m When waves of a similar nature meet, the resulting interference may be explained using the principle of superposition. Standing waves are a special case of interference.

4.3.iii.  identify nodes and antinodes in standing waves

Group #6

4.3.vii.  observe, sketch, and interpret the behavior of wave fronts as they reflect, refract, and diffract 

4.3.viii. draw ray diagrams to represent the reflection and refraction of waves 

4.3hWhen a wave strikes a boundary between two media, reflection*, transmission, and absorption occur. A transmitted wave may be refracted.

Group #7

4.3 Explain variations in wavelength and frequency in terms of the source of the vibrations that produce them, e.g., molecules, electrons, and nuclear particles. 

4.3a An oscillating system produces waves. The nature of the system determines the type of wave produced. 

4.3b Waves carry energy and information without transferring mass. This energy may be carried by pulses or periodic waves. 

4.3c The model of a wave incorporates the characteristics of amplitude, wavelength,* frequency*, period*, wave speed*, and phase. 

Group #8

4.3g Electromagnetic radiation exhibits wave characteristics. Electromagnetic waves can propagate through a vacuum. 

4.3k All frequencies of electromagnetic radiation travel at the same speed in a vacuum.*

4.3dMechanical waves require a material medium through which to travel.

Group #9

4.3i When a wave moves from one medium into another, the wave may refract due to a change in speed. The angle of refraction (measured with respect to the normal) depends on the angle of incidence and the properties of the media (indices of refraction).* 

4.3j The absolute index of refraction is inversely proportional to the speed of a wave.*

4.3.ix.  determine empirically the index of refraction of a transparent medium

Group #10

4.3l Diffraction occurs when waves pass by obstacles or through openings. The wavelength of the incident wave and the size of the obstacle or opening affect how the wave spreads out. 

Group #11

4.3nWhen a wave source and an observer are in relative motion, the observed frequency of the waves traveling between them is shifted (Doppler effect). 

Modern Physics Group Assignments:
Group 1
5.3.i.  interpret energy-level diagrams 

5.3.ii.  correlate spectral lines with an energy-level diagram 

5.3a States of matter and energy are restricted to discrete values (quantized).

5.3 Compare energy relationships within an atom’s nucleus to those outside the nucleus.

Group 2
5.3b Charge is quantized on two levels. On the atomic level, charge is restricted to multiples of the elementary charge (charge on the electron or proton). On the subnuclear level, charge appears as fractional values of the elementary charge (quarks). 

Group 3
5.3c On the atomic level, energy is emitted or absorbed in discrete packets called photons.* 

5.3dThe energy of a photon is proportional to its frequency.* 

Group 4
5.3e On the atomic level, energy and matter exhibit the characteristics of both waves and particles. 

Group 5
5.3f Among other things, mass-energy and charge are conserved at all levels (from subnuclear to cosmic). 

5.3j The fundamental source of all energy in the universe is the conversion of mass into energy.*

Group 6
5.3g The Standard Model of Particle Physics has evolved from previous attempts to explain the nature of the atom and states that: •atomic particles are composed of subnuclear particles •the nucleus is a conglomeration of quarks which manifest themselves as protons and neutrons •each elementary particle has a corresponding antiparticle 

Group 7
5.3h Behaviors and characteristics of matter, from the microscopic to the cosmic levels, are manifestations of its atomic structure. The macroscopic characteristics of matter, such as electrical and optical properties, are the result of microscopic interactions. 

5.3i The total of the fundamental interactions is responsible for the appearance and behavior of the objects in the universe. 

Appendix D (Pre/Post Test questions)
Electromagnetic Phenomena Group #5 Related Items

[image: image1.wmf]
[image: image2.wmf]
[image: image3.wmf]
[image: image4.wmf]
Electromagnetic Phenomena Group #6 Related Items
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Control Items (Included in Pre/Post testing, but not covered in peer review)
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Appendix E (Data)
	Student#
	Raw score (Pre)
	Raw score (Post)
	Score change
	Gain (%)
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	11
	
	
	1
	
	10.0

	11
	
	6
	
	
	6
	
	
	0
	
	0.0

	12
	
	4
	
	
	7
	
	
	3
	
	75.0

	13
	
	4
	
	
	4
	
	
	0
	
	0.0

	14
	
	6
	
	
	4
	
	
	-2
	
	-33.3

	15
	
	7
	
	
	4
	
	
	-3
	
	-42.9

	16
	
	8
	
	
	10
	
	
	2
	
	25.0

	17
	
	8
	
	
	8
	
	
	0
	
	0.0

	18
	
	5
	
	
	5
	
	
	0
	
	0.0

	19
	
	6
	
	
	8
	
	
	2
	
	33.3

	20
	
	10
	
	
	11
	
	
	1
	
	10.0

	
	
	
	
	
	
	
	
	
	
	

	Average
	7.15
	
	
	7.65
	
	
	0.50
	
	10.60

	
	
	
	T-test on Pre, Post Scores
	
	
	

	
	
	
	
	0.086
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Students Posttested Without Review Participation
	
	
	

	21
	
	9
	
	
	10
	
	
	1
	
	11.1

	22
	
	8
	
	
	8
	
	
	0
	
	0.0

	23
	
	9
	
	
	7
	
	
	-2
	
	-22.2

	24
	
	4
	
	
	4
	
	
	0
	
	0.0

	25
	
	12
	
	
	12
	
	
	0
	
	0.0

	26
	
	6
	
	
	8
	
	
	2
	
	33.3

	27
	
	5
	
	
	7
	
	
	2
	
	40.0

	
	
	
	
	
	
	
	
	
	
	

	Average
	7.57
	
	
	8.00
	
	
	0.43
	
	8.89

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	T-test on Pre, Post Scores
	
	
	

	
	
	
	
	0.224
	
	
	
	
	
	


Score change = Postscore - Prescore

Gain = (postscore-prescore)*100/prescore
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