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Abstract 

This manuscript discusses how in a physics classroom using a collaborative learning method on computer simulations can help enhance students’ success at tackling physics concepts.  One such computer simulation discussed here is the PhET Project from the University of Colorado.  Points considered in a collaborative learning environment are classroom management, student choices and responsibility, and the types of questions asked.  The success of collaborative leaning is found to be more intrinsic in nature and students feel more competent with discussing those topics taught through collaborative learning.
Introduction
For high school and undergraduate students alike, physics has often been a challenging and sometimes frustrating field of study.  Having to deal with abstract scenarios and complicated formulas, traditional lecture and tutorial style classes revert students to memorization.  Many students do not think about the meaning of the calculations they are expected to carry out, and they take refuge in memorizing patterns and procedures of calculation (Arons, 1997).  Students may still perform well on tests but that does not mean that conceptual understanding was obtained.  

There are many different ways to teach a discipline such as physics to students, and this manuscript will focus attention on students collaboratively working on computer simulations in efforts to shift more towards interactive learning than traditional lecture.

Phet Simulation
With the technology we have today, virtually all high school and college classrooms alike have computers in them.  Interactive simulations are a new way to convey scientific ideas and engage students in educational activities (K. K. Perkins, W. Adams, M. Dubson, N. Finkelstein, S. Reid, C. Wieman, and R. LeMaster, 2006).  Computer simulations are part of the Physics Education Technology (PhET) project at the University of Colorado (N. D. Finkelstein, K. K. Perkins, W. Adams, P. Kohl, and N. Podolefsky, 2004).  These simulations are highly interactive, engaging, and create an open learning environment with animated visual feedback to the user (N. D Finkelstein, et al, 2004).  This project has developed approximately forty-five physics simulations [and much more] that include most topics covered in a typical introductory physics sequence (C. J. Keller, N. D. Finkelstein, K. K. Perkins, and S. J. Pollock, 2005).  

Not limited to physics, the PhET project has also expanded its simulations to mathematics too.  In physics, these simulations cover a wide range of topics from kinematics, acceleration and force, to electric circuits, magnetism and gravity.  These simulations provide a visual image of a system that can be run by the student in attempts to not only help better their understanding of physics concepts but also the mathematics involved.  Through studies and research based on these computer simulations, these simulations have been shown to be as or more effective than their non-computer-based counterparts (N. D. Finkelstein, W. K. Adams, C. J. Keller, P. B. Kohl, K. K. Perkins, N. S. Podolefsky, and S. Reid, 2005).  

Application

Computer simulations can be applied in high school physics classrooms through the use of collaborative learning to provide a more interactive engaging environment that may help enrich and/or strengthen conceptual learning among students.  Points to consider include when using the method of collaborative learning are: classroom management, student choices and responsibility, and questions asked. 
Collaborative Learning

Cooperative learning is studying for the same goal in small groups by helping each other (Gok, T., & Silay, I., 2008).  The focus in this case is more of a student-student interaction rather than teacher-student interaction.  Conversely, a collaborative classroom is one where the instructor serves more as a facilitator of learning and students are active learners (Henry, 2001, as cited in Gosling, 2004).  This type of strategy shifts more towards an interactive environment and away from traditional lecture.  In this case computer simulations provide the tool for collaborative learning.

Classroom Management


Teachers are constantly looking for ways to improve lessons and making them more engaging and interactive for their students.  Although often times a main concern for teachers when making such improvements is classroom management.  An example of maintaining a suitable environment for learning when using computer simulations is the amount of guidance provided when eliciting active engagement with collaborative learning.   

Teachers can easily adjust how much exploration they want there students to engage in by use of tutorials.  For example, the PhET simulations give students the option of what apparatuses they want to control.  The Circuit Construction Kit (CCK) simulates the behavior of simple electric circuits and provides an open work-space where students can manipulate resistors, light bulbs, wires, batteries, and much more (Finkelstein, N. D., et al, 2005).  With these options the CCK provides, the tutorials can guide students to build simple circuits by limiting their use of apparatuses or tutorials can give less instructions that allow students to explore more or even all apparatuses provided by the CCK and have them build more complex circuits.  The features that students choose to interact with is directly dependent on and limited by the content of the guidance (Paulson, A., Perkins, K., and Adams, W., 2009).  This will limit the amount of freedom to which the student explores in some cases but at the same time the focus is that the student will remain on task and limits the amount of behavioral issues that may occur in any given classroom.  At the same time the student remains engaged within the realms of the guidance.   

Limiting the size of groups to 2 to 4 students can help eliminate some nonessential behavior.  Keeping the group size small will allow a higher probability for every student within that group a chance to run the simulation being worked on.  This helps reduce the amount of down time for those students not running the simulation and keeping them from being too off task.  The teacher in this case can gage how much time they allow a student to operate the simulation before allowing the next student to operate the simulation.

Student Responsibility and Choices


In this case students are the ones that have to run the simulations.  Students are responsible for exploring all apparatuses, buttons and anything else the simulation has to offer.  For example the CCK has many apparatuses within it to manipulate as mentioned above.  Here students are responsible for making their own circuit.  One can set up the simulation, another can run the simulation and control apparatuses and another can be recoding information or taking data or notes down on any interesting findings that may come up.  Also students are responsible for conversing with each other which is an important part of collaborative learning.  Student talk is far more important than teacher talk in this case (MacIsaac, D., & Falconer, K., 2002).  Each student has their responsibility and is part of the collaborative learning process.  There is much research out there but one, the jigsaw technique iterated in an article by Hanze and Berger is a collaborative learning strategy where each individual has a responsibility (2007).  


Often with responsibility students can make choices.  An example of a classroom that offers students choices is that of F. Nappo from Lockport High School for his Regents physics classes.  Mr. Nappo has worked on Project Claw, a similar program to that of the PhET project, through the University of Buffalo and has designed many of the simulations for their website (personal communication, May 2009).  In his class he uses computer simulations everyday where students have the opportunity to make choices on what variables they want to manipulate for topics covered that day.  Students are allowed to manipulate variables and are not afraid to manipulate them because they know they are not going to break anything.  This in turn will allow the student to feel more comfortable with the simulations and open up to further experimenting (F. Nappo, personal communication, May 2009).  


Other computer simulation applications such as Physlets have been used in the physics classrooms (Belloni, M. & Christian, W., 2001, as cited by Sears, P., 2009).  Research conducted suggest students using these simulations gain a better understanding of physics, particularly if the “cognitive load” was not set unrealistically high (Lee, K., Nicoll, G., & Brooks, D., 2004).

Questions Asked

Simulations provided by the PhET project encourage students to explore and “play” with the apparatuses with its animations and its real life scenarios.  Each provides an animated, interactive, and game-like environment that is appealing to students (Wienman, C., Perkins, K., & Adams, W., 2008).  This invites students to even explore some of the animated simulations that display visual representations to show the invisible (Wieman, C., Adams, W., & Perkins, K., 2008).  A couple examples are the CCK simulation showing the visual flow of electrons in a circuit (Keller, C. J., et al., 2005) and the wave interference simulation showing motion of air molecules in a sound wave (Wienman, C., et al., 2008).


Unexpected visual representations mentioned above can lead to new discoveries and promotes conversation and questions among groups of students furthering the positive effects that collaborative learning can provide.  Some of the questions that these simulations intend to manifest are open ended questions.  These types of questions are more intuitive and there is a need to know more in-depth of what and why is this happening.  Open questions or statements cannot be answered by a single word or phrase and does invite exploration (Thornton, R., 2004).  An important design feature of a good simulation provides an environment where students can ask open questions such as “Why does that happen?” “Will it depend on this parameter?” and “Did it respond as I predicted when I changed this parameter?” (Wienman, C., et al., 2008).  These types of questions help students use their line of reasoning to begin creating a mental framework on concepts as they acquire new knowledge (Paulson, A., et al., 2009).  Open questions are asked more often by students who do learn (Thornton, R., 2004).  

Conclusion

Teachers are constantly finding ways to improve there lessons.  Collaborative learning can be a useful strategy incorporated when working on computer simulations.  Teachers can give full range or limit how much exploration each group of students engages in through the use of tutorials.  This can steer the collaborative learning process one way or another.  This will also help with classroom management issues.  Having small groups of 2 to 4 also helps limit classroom management issues. 

Within groups students have responsibility and choices to make.  Students are responsible for running the simulations and conversing with one another to reach a common goal.  Students at the same time have to make choices on what variables to use when setting up the simulating like that of the CCK.


The type of questions asked with in the collaborative learning process is crucial.  This defines if the student or students are learning.  More open ended questions need more than a one word answer or phrase.  The combined effects of information simulations provide and the open ended questions that can arise within a collaborative learning environment may enhance ones conceptual understanding.


Much research has been done on collaborative and cooperative learning and the benefits gained through these strategies helps students develop a better conceptual understanding of physics topics.  The most compelling reason for the use of collaborative learning in physics classrooms is that through research it is found that collaborative learning is more self satisfying and brings about positive effects on students.  The effect is more intrinsic in nature and brings to a more positive interpersonal attitude towards physics concepts.  Such positive interpersonal attitude includes behavior, values and skills.  Last the students’ self-esteem increases and they feel more competent with the knowledge they gain when working collaboratively.
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