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Title:  Physlet Based Peer Teaching for Regents Physics Review

Abstract

As a review activity, 43 regents physics students were divided into groups and assigned sets of NYS Regents content standards.  Each group of students was required to find a web-based computer simulation that demonstrated the principles of the assigned content standards.  The students then used the simulation 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 web-based computer simulations in the classroom.  The results of the projects were largely affective and motivational.  Conclusions are presented that suggest modifications to the assignment that would make it more practical from the standpoint of the teacher.
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 the integration of computer simulation into effective teaching 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 for the students 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) and physics classrooms (Mazur, ).  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 (Bloom, 1956), teaching of skills and knowledge requires a level of comprehension or analysis of those skills and knowledge.  This 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.  The authors of the study suggested that understanding would not develop if “cognitive load” was too high.  This suggestion is relevant to this project because, as a review, the students 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, It has been my personal observation that students’ motivation and achievement increases when items such as 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 assemble into groups in.  In order to ensure there will be enough students groups to cover all the material they are intended to review,  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 sets of content standards. (Appendix C)  Each set consists of 1 – 3 closely related content standards that could be addressed by one or two physlets.


Once each student group has been assigned a set of content standards 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 the students understand the ideas they are to present.  Secondly, it gives them visual cues to use when they are searching for a physlet that will serve as the backbone of their lesson.


The third step in the review project is to actually find one or more physlets that match their set of content standards.  This requires a day in a computer laboratory when the students can search and the teacher can be present to ensure their choice of physlets 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 solve the problem on small whiteboards, after which the presenting group is to explain the solution using the whiteboards created by the class.


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, there are three points  the students are required to include.  The first point is what went well and how do you know.  This is intended to elicit critical thinking abot the students’ impressions of their lesson, including a realistic consideration of evidence versus “gut feeling”.  Secondly, the students are asked to discuss what went poorly, and how they could change their presentation to improve this.  This allows the students a chance to reconsider concepts that the may not have understood clearly enough to explain well.  Finally the students are asked to discuss what ideas do they understand better after the experience of the review project.  This is the final metacognitive step that asks them to really consider their own understanding.


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 reasons of practicality, 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 peer review project 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.


Although pre and post testing of the students’ skills and knowledge did occur, 


The review project was a great success with my students.  There was 

· motivational  opportunity to “be teacher”

· enjoyed over all process (smiles and good mood)

· ppt skills (excellent presentations, fluid, colorful, easy to follow)

· manipulate physlets (learned the ins and outs of their physlet)

· learn their set of content (made connection with physlet)

· engaged, lesson planning and observing  (few or no behavioral issues)

· teamwork (students did a good job of splitting up work)

VI.  Conclusions

· less complicated checklist

· reconsider strict guidelines on lesson plan

· (spread out over time)

· assign students to certain sets as remediation only (1 or 2 presentations per unit)

· include more regents questions/more closely monitor questions used

· more work on presentation earlier in year (WB presentation) (reading PPT slides)

· more ppt slide opportunities early in year (efficience of language and diagram)

· would do again


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.
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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 # and set of Content Standards 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 an explanation of the connection between the physlet and the content standards

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 and how do you know


What went poorly during the lesson and how you could make it better


What you understood better after the process

Appendix B (Grading Checklist)
Group # assigned___________



Name ____________________________

Step #1




 

____________________________

( Find group (____)






( Get set of Content Standards




    

____________________________

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
