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ABSTRACT: 
 
Although hands-on student laboratory investigations are a vital and necessary component of an 
effective introductory physics learning experience, several factors severely limit the practicality of 
conducting the quantity of laboratory investigations that most high school classroom teachers 
desire. Among these are 1) the high costs frequently associated with specialized laboratory 
equipment, 2) the limited time allowed by the 45-minute class period schedule that many high 
schools follow, and 3) safety considerations. 
 
VALUE AND SIGNIFICANCE OF THIS CREATIVE PROJECT: 
 
Although it is not recommended that computer simulations totally replace traditional hands-on 
laboratory investigations, they are one possible response to the three considerations listed above. 
 

1) The World Wide Web contains a rapidly growing number of physics-related simulations that 
are available at no cost to the user (see PhET: http://phet.colorado.edu/new/index.php) and can be 
used in the classroom or at home. No specialized laboratory equipment is needed to 
conduct otherwise cost-prohibitive investigations like the photoelectric effect 
(see http://phet.colorado.edu/new/simulations/sims.php?sim=Photoelectric_Effect) and unlikely collisions 
(see 
http://media.pearsoncmg.com/bc/aw_young_physics_11/pt1a/Media/Momentum/PendulumPersProjectileBowling/Main.html) 

2) Time constraints are minimized as little or no set-up time is required. This allows extra time 
to be allotted for multiple trials and more detailed investigation. 

3) Activities that could not otherwise be performed due to safety considerations, such as 
radioactive decay (see http://staff.gc.maricopa.edu/~mvillarb/SyRIS/lawdecay.htm), are now possible. 

 
Slow motion, pause, and play-back features available in many simulations offer students greater 
opportunities for exploration and more detailed analysis. They also provide an excellent 
opportunity for students to further explore classroom laboratory activities at home without having 
to borrow and return classroom laboratory materials. 
 
One disadvantage to the use of computer simulation is that students do not experience the 
“messiness,” the potential frustration, and the subsequent problem solving opportunities that work 
with physical materials offers. Another disadvantage is that simulations are most often 
programmed to include only the actual variables relevant to the investigation, which limits the 
experiences that students would receive in the planning and analysis stages of scientific 
experimentation. These two disadvantages can, however, be minimized as the instructor 
carefully selects the simulations and designs the investigations. 
 
The aim of this project is to design inquiry-based activities that use freely available computer 
simulations. These tutorials and activities may be used to introduce new topics, review previously 
learned topics, and/or to supplement topics that we have already been learning. It is expected 
that the incorporation of simulations into the introductory physics classroom will improve student 
understanding of physics by allowing more labs to be conducted and by making labs more 
meaningful and less rushed. 
 
The final product of this creative project will be a web site that contains 1) a summary of research 
related to the use of computer simulations, 2) a bibliography of simulation research, and 3) links 
to the activities. They will be presented in the topical order most normally associated with high 
school physics curriculum, and in a format that allows users to make modifications specific to 
their learning objectives. 





1 |  


 


Incorporating Computer Simulations into Existing 
Physics Curriculum and Laboratory Investigations 


 


 


 


INTRODUCTION: 


Student performance in math and science is widely discussed academically and is 


frequently used as a measure for how students in the United States are able to compete 


in a global world.   It is often stated that we are training students for jobs that don’t 


currently exist.  Future generations will have to be creative in their thinking skills and 


able to tackle new challenges that have not even been conceived (ASCD, 2007).  At the 


2008 annual meeting of the American Association for the Advancement of Science the 


’14 Grand Challenges for Engineering’ were identified and discussed.  Most of the 


challenges required using technology to provide for human survival.   Key challenges 


were finding solutions to global warming, providing clean water for all people, managing 


the nitrogen cycle, finding energy sources beyond fossil fuels  (MSNBC, 2008).  The 


answers to the problems we are facing as a society are not found textbooks.  They will 


have to be found by our students using creative and imaginative problem solving skills.  


Physics is an experimental science which studies the physical world and the 


behavior and structure of matter (Giancoli, 2005).  Often physics is used to model the 


real world with mathematical processes.   Physics education benefits science and non-


science students by providing a means to learn to solve problems.   Educators need to 
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focus more time on teaching students to think about how to solve a problem for which 


an answer might not be known.  One way physics instructors can help with this very 


important task is to help students approach physics in a more creative and fun way.   


 


DISCUSSION OF STUDIES: 


In the article titled ‘Transforming Physics Education’, Carl Wieman and Katherine 


Perkins cite several examples of traditional physics instruction failing to demonstrate 


improvement in physics knowledge.  A Force Concepts Inventory (FCI) is a standard test 


often used to measure conceptual understanding of mechanical physics concepts in an 


introductory course.  Wieman and Perkins administered an FCI to students in 62 


different physics courses.  The results demonstrated on average less than a 30% 


increase in concept knowledge (Wieman, 2005).  The Wieman Perkins study indicates 


that after completing a physics course students tend to think “less expert-like” and look 


at physics as something to be memorized, not something to be understood (Wieman 


2005).   It is widely understood that lecture and problem solutions alone don’t provide 


students with an opportunity to think about science.  In contrast, according to Weiman’s 


study traditional teaching methods teach students that physics is boring. 


   Indiana state standards require students to spend a portion of science class time 


engaged in laboratory activities.  This is required because educators understand the 


importance of experience and experimentation in science learning.  The unfortunate 


disconnect in this laboratory requirement is time.   A typical high school environment 


allows five 45 minute periods of time each week.  It is very difficult to conduct a 
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meaningful lab in this time period while still maintaining the level of problem solving 


required to be successful on assessments such as the AP test or the SAT II physics test.     


  Labs are essential to the understanding of physics material and more importantly 


to the development of scientific thinking skills.  It is extremely important that time spent 


on labs be time that is well spend on building foundations in conceptual knowledge.    


Labs should not be busywork. 


In recent years technology has provided several ways for some labs or classroom 


activities to be conducted which help eliminate spending time struggling with 


equipment issues, troubleshooting, and setup and tear down time.   It is common for 


students to use computers, Lab-pro’s, and state of the art equipment.  Students can 


access information and simulations of laboratory experiences for free on the internet.  


When using the simulations students are still able to think about how to solve problems 


pertaining to the concept at hand, but they are not hindered with equipment or timing 


difficulties. 


In the research paper by Weiman & Perkins the following points about student 


learning are made:   


• It is very important to structure information in a way that students can 


comprehend why as well as what.   If students become so involved in 


what they are doing that they forget why they are doing it then the lab 


has been reduced to busy work.  


• To help a student become an expert it is essential that they are thinking 


and that the instructor is guiding and facilitating that thinking.    
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• It is also important that students understand real life applications of 


physics.     If they are only shown problems that are so simplified that 


they don’t include friction, etc, they might come to believe that the laws 


of physics don’t really work for the real world.   


When conducting their study Wieman and Perkins found that that in addition to 


advantages of cost and time savings, there were real educational advantages to using 


virtual physics or simulations.  The simulations can show what normally might not be 


visible to students such as electrons, charges, or photoelectrons.  Also simulation is not 


as subject to the differences in perception of events by students and instructors.    


When students and instructors see simulations both parties see exactly the same thing.     


Sometimes students are distracted by events or occurrences which are not important in 


a lab environment.    The instructor knows to ignore these extraneous events, but the 


students easily draw false conclusions (Wieman, 2005).   


  Physics teachers like to do hands on labs which engage students and allow them 


to “see and do” physics.  Hands –on labs conducted in a physics classroom are a great 


way to encourage creative problem solving.  Labs are most effective if they are relevant 


to the material being presented in class and if students are able to understand the 


purpose of the lab.  Labs that drag on over the course of several days for the sake of 


performing a hands on lab experience confuse students and waste valuable class time.       


A good example of this is a pressure lab in which students paint their foot, place their 


foot on graph paper, and finally count the squares that their foot covers.    By the time 


the students paint their foot, wait for the painted graph paper to dry, count the squares, 
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figure out how to convert the squares to centimeters squared and then to meters 


squared, and finally calculate the pressure exerted on the floor by their footprint three 


days have passed.   The question of how much pressure does my foot exert on the floor 


is a good one.  One has to wonder if the 3 day lab helped the students understand the 


relationship of pressure as force/area.  For a lab such as this it might be more expedient 


if a simulation were written where students could assign various weights to virtual 


people, and then have the virtual people wear different shoes.   The pressure could 


easily be calculated and the student could still understand the concept in much less 


time.  This might allow for easy comparisons and a more in-depth examination of the 


relationship between pressure, force, and area. 


An article titled:  Serious Games: Incorporating Video Games in the Classroom 


(Annetta, 2006) discusses the current K-12 generation - Generation N and how they 


have literally grown up with their brains being influenced by the use of computers and 


fast paced images.   The authors of this article have developed virtual classrooms where 


students in the form of avatars are able to interact with one another and learn and 


employ science skills.   They found that students willingly learned science as a means to 


solve whatever “real life, non-science” problem was presented to them virtually. 


A study conducted by the department of physics in Boulder Colorado titled, 


“When Learning about the Real World is better done virtually:  A Study Of Substituting 


Computer Simulations For Laboratory Equipment” found that used in the right situations 


simulations labs can be more effective than hands on labs with equipment both in 


teaching students how to use the equipment and in helping students understand the 
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concepts.  The study acknowledges that simulations are more convenient due to less 


need for equipment and setup time, but also found that simulations helped students 


understand concepts.    The authors conducted a study of 363 students enrolled in an 


algebra based physics course comparing hands on circuitry equipment to circuit 


simulations.   The following is a summary of what they observed when comparing circuit 


simulations labs to regular hands on circuit labs: 


1.  Students ‘messed around’  with circuitry in different ways than they might have 


with lab equipment.   In my classroom I like the idea of students messing around 


with the simulations.  In a hands-on lab I am more inclined to tell students to be 


careful, not to waste equipment, sabotage equipment, or in some way hurt 


themselves.    In a simulation lab I encourage them to play.    Negative consequences 


are educational experiences.   When using the PHET circuit lab I tell them to see if 


they can make the circuit catch on fire, to see if they can make the light bulbs 


brighter or dimmer.    I don’t worry about how much the lab is costing and whether I 


will run out of light bulbs or batteries before the day ends.         


2. Students had more trouble recognizing problems with hands on circuitry than with 


the simulation labs.   Although the computers sometimes gave students trouble 


most of the time they had fewer incidents than the hands on equipment users. 


3. Use of instructor time – with the simulation labs students were asked to prepare for 


the lab ahead of time at home and so the lab went smoothly.   The circuit labs 


required the instructor to do a great deal of troubleshooting for the students and 


fixing lab setups.  Sometimes the students don’t even understand what the 


instructor is fixing, and understanding the problem does not help with the 


understanding of the lab at hand. 
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4. Students who used the simulation labs scored better on the final exam two months 


after the lab had been completed according to this paper.   (Finkelstein  2005).    


In addition to monetary and time constraints, the author cites the following 


reasons computer simulations are worthwhile: 


1.  Active engagement of students  


2. Reduction of unnecessary drudgery 


3. Increase in student access to concepts visually 


4. Constraining and focusing the students in productive ways 


A similar study was conducted by Z. Zacharia of the University of Cyprus.   This study 


compared conceptual knowledge of circuitry in students who had experienced real 


experimentation, virtual experimentation (computer simulation labs) , and a 


combination of both real and virtual experimentation.    The study found clear evidence 


that student conceptual knowledge was improved when exposed to the virtual 


experimentation.  Furthermore, the study showed exposure to virtual experimentation 


helped students develop a better conceptual understanding of science concepts than 


the understanding demonstrated by those students exposed to only real 


experimentation.  The study also found that the “prevalence of non-scientific 


conceptions was reduced (in some cases considerably) after the study, especially in the 


case of the experimental group” which conducted virtual experiments (Zacharia, 2007). 


Not all agree with the usefulness of the simulation labs.  The Journal of 


Engineering Education published an article by Feisel and Rosa in 2005 titled, ‘The role of 


the Laboratory in Undergraduate Engineering Education.’   The authors of this article 
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believe that simulations have some place in education, primarily as pre-labs, or 


laboratory experiences for students when using real equipment might pose a danger to 


the student.  Feisel and Rosa state that since engineering is intended to benefit mankind 


engineering students have to have knowledge of nature which extends beyond theory 


(Feisel, 2005).   To Feisel and Rosa it is more important that students study behaviors of 


real world matter.  


In an article titled, ‘Technology for Physics Instruction,’ Dr. Joel Bryan addresses 


the implementation of technology in the classroom.  Several studies are cited which 


support the notion that the technology used in the classroom does not necessarily 


impact student learning as much as the implementation techniques of the instructor.     


The instructional use of the technology is the key to making technology an effective 


classroom tool (Bryan, 2006).        


The University of North Carolina Chappel Hill department chair Laurie McNeil  


published a manifesto titled Transforming Introductory Physics Teaching At UNC-CH 


explaining the changes they intend to make to their physics program in an effort to 


improve student success.    These changes are based on clearly documented research 


regarding how students learn and measures of success using traditional measures.   


Within this manifesto Dr. McNeil refers to the learning process of physics concepts as 


constructivism, originally described by education researcher Jean Piaget.   She notes 


that, ‘individuals actively construct the knowledge we possess. This construction 


requires serious mental engagement by the learner, and is affected by knowledge we 


already have (McNeil).’   She further notes that as physics instructors we must recognize 
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prior knowledge and prior experience of students and try to find the misconceptions 


they might have.   We must help them structure information by providing a foundation 


of factual knowledge which they can organize in their minds, and we need to help 


students with meta-cognition – which means thinking about thinking (Costa 2000).     


In constructing a template of new courses at UNC-CH the use of Interactive 


Physics and Physlet exercises (simulations)  in both homework and laboratory 


experiences has been identified as a way to help students better construct the 


knowledge within their minds.   Dr. McNeil points out that the students can control the 


variables and witness results qualitatively and quantitatively.     “These exercises can be 


even more effective as individual homework than they are in group settings such as 


lecture and recitation, since the student is free to explore according to her own 


understanding and interest without a set time limit (McNeil).”    Utilization of simulation 


labs allows students to build on prior knowledge in a constrained environment. 


CONCLUSION:  


 Physics models real world applications with conceptual knowledge of how forces 


effect matter and employs math principles to accomplish this task.   Labs allow students 


to experience physics and witness real world applications of physics.   Simulations also 


model real world applications and provide further benefit to the physics student in 


allowing them the ability to control or isolate variables, work at their own pace, see 


things that can’t otherwise be seen such as electron flow, and finally provide students 


with an opportunity to just play with and enjoy physics.  As students progress with their 


physics education experience actual hands on laboratories are crucial to further 
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understanding nature.  Simulation labs enhance that experience, especially in the 


introductory physics courses.  


The reality is that technology is nature in today’s world.    The absence of 


technology is not a reality for our current students.  Thoughtful implementation of 


simulation labs in an introductory physics course provides students with an opportunity 


to address the real world in which they live, and recognize the many ways physics plays 


an integral role. 


 


WEBPAGE:  


For the creative project associated with this paper a website was created with many 


different simulation labs.  The link to the website is:  


http://www.bcsc.k12.in.us/northhs/science/champlin/RESEARCHPROJECT.htm
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