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A literature Review on the Effectiveness of Computer Simulations in a Physics Classroom

Abstract –  Crouch, et al. find that, students learn little if anything from traditionally presented classroom demonstrations (as sited by Adams, Paulson & Wieman, 2009). Many classes today attempt to incorporate more inquiry based lessons to manifest a more concrete conceptual understanding of topics.  It has been documented that in an inquiry based class, students out perform those that are taught through traditional lecture style classes conceptually.  Methods used that can create a highly interactive environment that engages students can come in the form of collaborative group work, students making their own choices and making real world connections, all help students tackle and overcome their misconceptions and provide a foundation that builds toward better conceptual gains.  This manuscript presents a literature review addressing the effectiveness of computer simulations from a pedagogical standpoint in a physics classroom setting, and how it ties in with issues mentioned above for better conceptual understanding.

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.


With the technology we have today, virtually all high school and college classrooms alike have computers in them.  The PhET [Physics Education Technology] project was developed and tested by the Physics Education Technology group at the University of Colorado at Boulder (C. J. Keller et al, 2005).  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 et al, 2005), and [researchers] have tested them with students in a variety of environments (Wieman and Perkins, 2006 as cited by Perkins, K. et al., 2006).  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 students.


Through studies and research computer simulations have been shown to be as or more effective than their non-computer-based counterparts, be they traditional or reformed, PER-based activities (N. D. Finkelstein et al, 2005).  This includes laboratories that use real equipment.  It has been demonstrated that computer simulations can be as productive a learning tool as hands-on equipment, given the same curricula and educational setting (L. M. Triona and D. Klahr, 2003).

Literary Review

The Physics Education Technology (PhET) project creates useful simulations for teaching and learning physics and makes them freely available from the PhET website (http://phet.colorado.edu) (Perkins et al, 2006).  Another obvious virtue of online sims [simulations] is that they are accessible to everyone in the world with internet access or a CD drive (Wieman and Perkins, 2006).  These simulations are very involved, interactive animated environments that create a unique opportunity for learning not only for the students but the researcher too (Adams, Paulson & Wieman, 2009).  They encourage authentic and productive exploration of scientific phenomena, and provide credible animated models that usefully guide students’ thinking (Weiman, Adams & Perkins, 2008).  Weiman, Adams & Perkins also state in PhET simulations, the visual display and direct interaction help answer students’ questions and develop their understanding (October, 2008).  Research has shown this process to be a highly effective and engaging way to learn, and this new medium seems particularly well suited for today’s students (Wieman and Perkins, 2006).


The PhET project simulations display animations of real-life situations such as light bulbs, batteries and wires for electric circuits, cars for acceleration, scales for forces, magnets for magnetism and much more. Perkins et al. iterates, we emphasize connections to everyday life, both to engage the students and to support their learning (2006).  Not only does the animated simulations display real-life situations but also makes what we can not see, visible.  As Wieman and Perkins state; we seek to make the visual and conceptual models of expert scientists accessible to students, often by making the invisible – for example, electrons, atoms and protons – visible (2006).  Probably the most studied or noted in this case where electrons are visible is the Circuit Construction Kit (CCK). (Does this sentence need to have a reference attached or something?)

Application

The finding in the literature review can be applied to high school and college physics classes for better conceptual learning.  Some methods considered include: making own choices, real world connections and collaborative group work.  All can be easily incorporated when working with computer simulations and may promote better understanding of concepts.
Making Own Choices

The PhET simulations are designed to allow students to construct their own conceptual understanding of physics through exploration (Perkins et al, 2006).  As Bransford, J. et al. states, research on learning show that it is necessary for students to construct their own understanding of scientific ideas within the framework of their existing knowledge (as sited by Adams, Paulson & Wieman, 2009).  Because students here are constructing their own understanding of scientific ideas, it would give them more of a sense of ownership and accomplishment, and that the student would come away with a better operational definition of concepts.  Arons states; students should be led to articulate the operational definition in their own words (1997).  The PhET simulations allow students to do such learning.  Indicative to the fact that simulations are very involved interactive animated environments (Adams, Paulson & Wieman, 2009), Mohamed states; active learning is a student-centered approach based on engaging students in activities and creating classroom environment that permits student ownership of the learning process (2008).

The PhET simulations give students the option of what apparatuses they want to control when setting up their simulation or when running it.  For example, 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, and batteries (Finkelstein, N. D., et al, 2005).  Here students can make their own choice on what type of circuit, parallel or series, to construct, how many wires are needed, how many light bulbs are to be used and where to place them, and how many batteries are going to be used.  In another simulation related to mechanics, “The Moving Man” simulation offers students the freedom to choose how they want their graphs to look.  When students drag the little man around using the mouse, graphs of his position, velocity and acceleration are created in real time (Wieman and Perkins, 2006).  Students can choose the “Man’s” position, choose what velocity the “Man” will be moving at and/or choose an acceleration rate.  All these choices in turn will influence how their graphs turn out.  

An example of a classroom that offers students choices is that of F. Napo from Lockport High School for his Regents physics classes.  Mr. Napo 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 (F. Napo, personal communication, May 2009).  This in turn will allow the student to feel more comfortable with the simulations and open up to further experiment and if you can experiment you can observe and if you can observe you can make conclusions and again apply the concepts to reinforce what you saw and how the concepts work (F. Napo, personal communication, May 2009).  

Real World Connections

The lifelike look of the simulations mimics the students’ real-world experience in many ways (Perkins et al, 2006).  The simulations are realistic and the animations show many materials that we use every day such as cars, scales, light bulbs, switches for turning on a light, speakers and batteries.  These are just a few apparatuses out of the many that are simulated in a variety of topics covered in physics.  For example Weiman, Adams, & Perkins states, The “Wave Interference” simulation illustrates common PhET simulations features: (i) familiar elements (audio speakers and faucets) to build real-world connections (ii) visual representation to show the invisible (motion of air molecules in a sound wave) [and] (iii) multiple representations to support deeper understanding (October, 2008).  If real-life simulations are applied then the learning process may be enhanced through engagement.  If the content is significant, with real-life applications, then it follows that students will find that part of science more interesting because they can relate to the material being presented (Kelly, Bradley & Gratch, 2008).  

 In today’s world the internet is widely used among students in school and is a part of their life.  Wieman and Perkins indicate that well-developed and tested interactive simulations can convey ideas in very different and more powerful ways than traditional educational media, and resonate with students who have grown up in a culture of internet and video-games (2006).  

Because things are so visual today with television, with cell phones and playing games at various places the simulations has to be the same way and the better the simulations are the better they [the student] visualize it and understand it (F. Napo, personal communication, May 2009).  This was an interview conducted by the author and coincidently also backs up some of the research.  Also Mr. Napo likes to use a smartboard to display some of the simulations to the whole class.  Wave frequency was the topic of the day.  Through an animation wave frequency was shown as an ambulance with its siren blaring passed a pedestrian.  Students could visually see what was happening with the frequency of the waves as the ambulance approached and passed the pedestrian in real time (F. Napo, personal communication, May 2009).  
Collaborative Group Work


Often the terms collaborate and cooperate are used interchangeably and it is necessary then to distinguish what collaborative group work means.  To simplify this application the author means that it is students working in groups collaboratively where in turn learning takes place.  As Anuradha A. Gokhale puts it; the term “collaborative learning” refers to an instruction method in which students at various performance levels work together in small groups toward a common goal (1995).  Here it is the student who is responsible for their own learning and others [and] thus the success of one student helps other students to be successful (Gokhale, 1995).  This is a method teachers can use at the high school and college level whether it is in a class or laboratory setting.

Collaborative group work involves students communicating and interacting with one another.  Interaction involves not only sharing ideas or information with someone else but also receiving feedback (Driscoll, 2007).  It is necessary to receive feedback to enhance personal understanding.  Driscoll also states; collaboration engages groups of people in not only sending and receiving feedback but working together for creating, building, and editing (2007). 

To make collaborative learning most affective, one method would be to make group work relevant.  Students must perceive the group tasks as integral to the course objectives, not just busywork (Davis, 1993).  The PhET simulations display many animations that are relative to topics taught in physics and displays scenarios that may otherwise not be seen through physics textbooks which in turn may be more helpful in the long run.  Also considering the fact that all students learn differently according to their skills and ability and other students may not be familiar with collaborative learning altogether, creating assignments that fit students’ skills and abilities would be most appropriate.  As Davis states; Early in the term, assign relatively easy tasks, as students become more knowledgeable, increase the difficulty level (1993).  The PhET simulations allows for increasing difficulty level.  For example, the Circuit Construction Kit allows students to build their own circuits from the most simple of circuits to more complex circuits as one becomes more knowledgeable with the concepts.  

Being conscious of group size can maximize collaborative learning.  Larger groups decrease each member's opportunity to participate actively. The less skillful the group members, the smaller the groups should be [and] the shorter amount of time available, the smaller the groups should be (Cooper, 1990; Johnson, Johnson, and Smith, 1991; Smith, 1986).  There are times where too many people are assigned in a group more for what the task may call for and therefore one or more students are not participating (personal observation, 2008). (I do not know how to cite this last sentence.  This is what I observed in your fall 2008 class.)  The author’s personal experience has found that smaller groups of two to four students are more appropriate and beneficial for each student.  This number allows for all students to take turns using the simulations and discuss concepts in a reasonable amount of time.  Keeping the groups relatively small would be more sufficient and will give all students the opportunity to participate.

According to Bartlett and Ferber (1998), students may become disenchanted with the discipline if lectures are the sole means of teaching in the curriculum (as cited by Goma, Summer, 2002).  Wheeler, Yeomans & Wheeler (2008) site; currently, many teachers are seeking to establish interactive environments in which technology is used to support and enhance collaborative processes (Jonassen, Peck & Wilson, 1999) while students tend to seek active engagement with others because they see it as both useful and satisfying (Horizon, 2007).  The PhET simulations provide an opportunity to use such methods as collaborative group work to reach a common goal and break up the monotony of traditional lecture.  In addition students like to interact with one another through conversation.  

Conclusion


In this manuscript an extensive literature review on the effectiveness of computer simulations from a pedagogical standpoint has been addressed tying in three methods of inquiry; making own choices, real world connections and collaborative group work. 


When students have the opportunity to make their own choices they construct their own conceptual understanding and feel a sense of ownership to that. In turn they come up with their own operational definition which may result in better conceptual understanding and retaining that information.  The PhET simulations allow students to make their own choices by what simulations they want to run and what variables and/or apparatuses to choose and control.  


In today’s world technology is everywhere from television and internet to cell phones and video games.  Computer simulations captures this everyday use of technology through its animations but makes it appropriate to physics topics and yet still making it relevant to what students experience on a daily basis.  Because of the life-like look to the animations the learning process may be enhanced through engagement. 


Collaborative group work is an inquiry process where students work together in groups toward a common goal (A. Gokhale, 1995) and they are responsible for their own learning and others.  To help make collaborative group work more effective it should be relevant to the topic being studied and computer simulations provides this.  There are many simulations that can be run for all topics in physics.  Using computer simulations also provides the opportunity for students to work in groups and experiment with different apparatuses to run the animations.  Working in small groups would be more appropriate so that all students have an opportunity to engage in the learning process.


These view points are not saying that the PhET simulations are better, hands-down, than traditional lecture style classes and tutorial laboratories, but rather they can be just as useful in conceptual understanding and perhaps more useful in some cases.
