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Can Computer Simulations be used as a substitute for Real Physical Labs in a High School Physics Class and if so, how should they be implemented to be most effective?

Introduction

My high school physics classes have limited access to equipment for labs, especially in subjects like optics, atomic and nuclear physics and even more conventional subject areas like mechanics. I would like to enhance the subjects that my students can explore in inquiry labs by using computer simulations that have great flexibility and breadth but do not involve the classical physical environments. I believe that computer simulations or so called virtual labs have the potential to significantly improve science teaching without requiring major school budget expenditures. My students are products of the computer game generation and so should be very familiar with virtual simulations, how they work and how they are visualized. The idea of expanding and enhancing science labs is very important because of the pedagogic constructivist understanding that students need to experience real science to develop sound concepts and overcome preexisting biases. 

The value of improving our science teaching has reached center stage nationally with growing recognition of the need for the United States to compete internationally in technical fields. President Obama has unambiguously expressed this priority with his Educate to Innovate Campaign for Excellence in Science, Technology, Engineering and Math (Stem) Education (http://www.whitehouse.gov/the-press-office/president-obama-launches-educate-innovate-campaign-excellence-science-technology-en). Included in this initiative is “National Lab Day,” Bringing Hands-on Learning to Every Student:  National Lab Day is a historic grassroots effort, online at nationallabday.org, to bring hands-on learning to 10 million students by upgrading science labs, supporting project-based learning, and building communities of support for STEM teachers. 
Why are Labs so Important?

Constructivist ideas are well documented concerning the idea that labs and virtual labs are crucial in student understandings of physics concepts (Chuang, Hwang, Tsai 2008). Many students struggle to understand scientific concepts because they develop crude explanations based on their experiences in the everyday world (Zacharia 2007) and these may interfere with legitimate scientific models. Students benefit from experiencing the physical world in a scientific setting and constructing a new internal framework of scientific understandings (Adams, Paulson and Wieman 2008). The preconceived biases are often not overcome with lectures which are considered of questionable value in learning, but can be overcome with actual self constructed demonstrations of physical laws.  If students are given the opportunity to explore their concepts with inquiry labs they can reformulate and test their ideas and develop more enduring understandings within the scientific frameworks that they are studying by using their own curiosity and tools.
Must the labs that student perform by real or can at least some labs be effective if they are virtual?

One of the most common virtual labs for physics (and other subjects like math and chemistry as well) were developed by the Physics Education Technology (PhET) group at the University of Colorado at Boulder. These pioneering educators have been studying the value of virtual labs since 2004 (Keller, Finkelstein, Perkins and Pollock 2005). There initial results demonstrated small but significant improvements through use of a simulation called the Circuit Construction Kit with standard tutorials. The PhET group study concluded that there was no difference between the test results of students using real versus virtual experiments. Subsequent studies (Zacharia 2007) have suggested that the best results with students are obtained with a combination of both real and virtual experiments. The idea which seems intuitively sound would be to start with real experiments and then to move on to virtual labs. This combination of both types of labs was measured to be more effective than using real experiments alone. 
The effectiveness of virtual labs may have a component of gender bias that should also be carefully considered in any wide scale implementation (Chuang, Hwang and Tsai, 2008). This difference in result for an internet based simulation seemed to be due to greater male involvement in collaboration and judgment and suggested that the way the virtual lab’s environment is constructed might encourage greater involvement by females. There may also be some cultural issues which makes extrapolation difficult with the study of Taiwanese versus American students.
How should a virtual lab be implemented to derive the most benefit within a classroom?

The first idea to consider in the proper effective use of virtual labs would be sequencing: the advice is to start with a real lab first (Zacharia 2006). Let students have something to physically touch and experience and then move on to a virtual environment; that way the student’s framework is already established and anchored in the real world. 

The next factor to consider is the idea that the virtual lab should be designed into the environment and the curriculum. Everything must fit together properly so that the virtual representations align with the educational objectives (Podolefsky, Perkins & Adams 2009). 

In selecting a Virtual Lab, the instructor should find a simulation that is highly interactive and easy to navigate to maximize how easily the student can use their own curiosity to explore the virtual environment to make the lab a true inquiry lab (Trindade, Fiohais and Almeia 2002). The lab should also provide an excellent visual environment to enhance engagement and immersion in the subject. 3-D Environments are potentially very effective in achieving these goals.
How should the virtual lab actually be conducted by the instructor to achieve the maximum benefits?

The biggest mistake that the instructor might make would be to provide too much guidance and make the virtual lab a cookbook lab with too many instructions (Adams, Paulson and Wieman, 2008). The PhET group from the University of Colorado has shown clear leadership in developing an understanding of how all types of labs should be managed by instructors and they stress the use of minimal guidance in labs to encourage independent investigation and provide the best environment for inquiry – constructivist educational methodology. When is saw the name Carl Wieman as a coauthor of many of these educational studies and as a cofounder of PhET, I vaguely remembered his name. I checked his name on the Internet and realized that I had seen him in a Nova program called Absolute Zero and that he was a co recipient of 2001 Nobel Prize in physics for having made the first Bose-Einstein Condensate in 1995, achieving near absolute zero with Rubidium atoms. This is a laudable example of the importance of science education to a physicist of the highest rank. I find that these PhET simulations are often the most effective for projection in my classroom demonstrations and let me understand what the student is thinking especially as I let students interact with them. 

The PhET team explored four levels of guidance Type A – No Instructions, Type – B Driving Questions which are offered before the student sees the sim, Type- C Gently Guided and Type – D Strongly Guided. By and large the PhET team studies concluded that less guidance is better with a well constructed simulation.

The last aspect of guidance that I found helpful about progression was also offered by the PhET group (Podolefsky, Adams and Wieman 2009). Their advice could be summarized as letting students begin exploring the virtual labs in a particular topic by starting with the most obvious superficial simulation and have students develop deeper more sophisticated as the explore the topic further with more complex simulations. 
Conclusions

The literature would appear to indicate that virtual labs have the potential to improve my teaching methods and offer students an opportunity to conduct meaning inquiry labs regardless of my ability to acquire new lab equipment.
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