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A	  student’s	  experience	  and	  learning	  in	  a	  project	  based,	  
virtual	  reality	  design	  program	  

He would rather ride a motorcycle with the tail pipe on fire than a school bus. He would 

rather build a full- sized trebuchet in his backyard during the summer than crack a textbook 

during the school year. His grades were not exceptional and his main purpose for going to 

school was to socialize and beat the drums in the band. He was just sliding through high school, 

bored, unmotivated academically, but creative enough to gather detentions and visits to the 

principal. Then he was allowed to enter the virtual world and his way of thinking changed. 

 The virtual reality class, in which this sophomore student enrolled, was located in a small 

rural Iowa high school of approximately 650 students. The district takes in about 167 square 

miles in central Iowa and includes numerous small towns in the surrounding area. The 

communities within this district are in the lower to moderate socioeconomic status range, mostly 

composed of blue-collar factory workers, farmers, immigrants and retirees. 34% of the students 

participate in the free and reduced lunch program, while 1% of the school district’s students are 

enrolled in English as a Second Language.  The district is geographically located so that it 

serves students from four different Iowa counties.  

The classroom consists of a large virtual reality machine, called Emersadesk, 

manufactured by Fakespace, and allows projects to be viewed in 3 dimensions.  
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Along the outside walls were long tables with a bank of computers with dual monitor screens. 

The classroom has the feel of a cluttered luggage compartment. At times it is cramped, used for 

storage of broken or unused furniture and many areas are designated stations for Lego building, 

book storage or a catchall for student’s possessions. There are a few reference books and 

various college and high school textbooks covering subjects such as: human anatomy, auto 

mechanics, computers, 3- D game programming, and WW II aircraft, warfare and weapons. 

Students have brought in magazines that focus on gaming, animation and computer skills, for 

reference. The main tech manuals for the software instruction include: Blender 2.3, Introducing 

Character Animation for Blender, Essential Blender, and Introducing Maya 2009. 

Because the students worked individually, in addition to collaboratively, the structure of 

the class is undefined noisy, and unstructured. From the first day of class, students were 

required to learn the program themselves. They were directed by the principal to read the tech 

manuals, ask peer mentors for help, or experiment with the software and programs. They were 

not given coaching on what to create or the method to use. In fact there was no teacher giving 

instructions or a set syllabus to follow. Students were allowed to goof off, play and discuss. 

Photo 1 Emersadesk VR machine by Fakespace     (T. Morales 2009) 



Student‘s	  experience	  and	  learning	  in	  a	  project	  based	  virtual	  reality	  program	  
	  

3	  
	  

T.Morales	  

They were encouraged to use Legos or other manipulatives for pre-design inspiration and an 

important attitude within the learning environment was that failure was not fatal as students 

trash projects and started over.  

Students in the multi-sensory, highly interactive, virtual reality environment were not 

partakers in virtual worlds, taking on the identity of an avatar but rather; were the creators of 

virtual villages, libraries, and fascinating worlds. The significant difference in this learning 

environment was that the students designed and created their own groundwork for information 

and knowledge. No person was in charge except for the students who in class previously and 

they were there for help only. The principal monitored the classroom occasionally while the art 

teacher across the hall became the room monitor. The learning experiences were neither 

constrained by preprogrammed curriculum nor limited by student imagination. The students 

choose what their projects would focus on, what information to include and were responsible for 

the accuracy of the research.  

The students, as well as the principal, assessed each other’s projects and teachers 

within the building were encouraged to critique or use the students’ projects. The assessment 

done by the principal was a student demonstration of their work. As the students showed their 

work the principal asked questions concerning the problems they encountered and solutions, 

what detailed content was exhibited and what thinking processes where taking place. There 

were no grades assigned as this course was a pass/fail. The foremost measures for 

assessment focused on student growth in content learning, growth in technology advancement 

and solving problems logically with creativity. 

Literature Review 
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Technology to develop abstract understanding 

According to Mikropoulus (2001) the definition of a virtual reality learning environment is 

“a multi-sensory highly interactive computer environment where the user becomes an active 

participant in a virtually real world, should have an educational objective and provide users with 

experiences they would otherwise not be able to experience in the physical world”.  Although 

this definition is accurate in characterizing the human/computer interactions within virtual reality 

rooms or caves, it needs to be clarified.  In this definition an expert, a professional educator, or 

experienced designer created the program or environment, with explicit curriculum and learning 

goals in mind, rather than the student designing the entire simulation and controlling their own 

learning. 

Student success with higher order thinking skills, used in math, science, and engineering 

equals their ability to envision and manipulate abstract ideas. (Gordin & Pea, 1995) (Bradsford 

2000) When students are engaged in virtual learning environments, they develop 

multidimensional viewpoints where they are able to see phenomenon from different 

perspectives.(Barnett et al 2005) Salzman (2009), provided evidence that when a student can 

visualize a water molecule for example, in a VR environment, he is able to turn, twist and flip the 

molecule in different directions.  He can explore how the molecule is put together, the shape it 

takes on when chemicals are combined, or he can examine the properties of it by looking from 

the inside out. This exocentric viewpoint is essential for science study. 

Project Based Learning 
Project based learning as summarized by Krajcik and Blumenfeld (2009), allows 

participants to apply ideas by doing, learn through actively constructing their understanding,  
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plus engaging in authentic real- world problems in context. In situational learning environments,  

students develop the ability to generalize to a broader range of conditions (Greeno, 2009). They 

 can make connections from their prior experiences to new knowledge and can create deeper 

 conceptual understandings. 

Furthermore in a project based learning environment, (Thomas, 2000) students 

exchange and debate ideas as well as solutions to problems encountered. Social interactions in 

learning create a community of learners, where cognitive thinking and collaboration build 

understanding of concepts. Students mature as they learn to respect the opinion of others, 

broaden their world view and become contributors to the global society. (Krajcik and 

Blumenfeld, 2009) 

Constructionist Learning Theories 

The family of theories from the foundational educational philosophers such as Piaget, 

(1896-1980) Vygotsky, (1896-1934) Dewey, (1902-1952) and Papert (1993), known as 

constructionist, (Alexander 2006), must be addressed to gage the student development and 

learning in this study.  The basic	  thoughts behind these theories consist of; learning is an active 

process, learners construct their own knowledge and construct knowledge as they interact with 

others.  Additionally, people learn by being engrossed in meaningful experiences where both 

the mind and body are engaged. Learning involves reflection, is contextual and cannot be done 

in isolation. Also learning is an ongoing process that takes time, where learners build on prior 

knowledge and experiences. 

 In educational environments the constructivist classroom is student centered rather than 

curriculum/teacher centered. It incorporates socialization through group work, allows student 
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choice, utilizes more vigorous hands- on activities, and stresses problem solving, logic and 

higher order thinking skills. The teacher encourages deeper thinking through questioning rather 

than lecture and motivators come more from within the student rather than the teacher. 

(Alexander, 2006) 

Keengwe and Onchwari (2009) discuss a constructivist epistemological perspective in 

which students become actively engaged in their own learning and thinking. They develop 

higher order thinking skills by interacting with complex materials and problems using creativity 

along with purposeful connections to life outside the classroom. As they develop an awareness 

of inquiry and questioning, they enhance their proficiency in acquired skills and gain a sense of 

empowerment.  Similarly as stated by Savery and Duffy (1995), in the constructionist 

framework, students gain numerous skills essential for success such as: a better understanding 

of concepts through interaction with their environment and social negotiations with their peers, 

develop a sense of ownership in authentic tasks and students appreciate the value of 

challenging assignments, and complex problems.  They set goals.  They test ideas and reflect 

on their hypothesis.  

Sprague and Dede (1999) describe a constructionist classroom using computer 

technology that provides problem based activities where students are encouraged to look 

beyond what is apparent. Constructivist learning environments such as these promote 

communication among students to share ideas, analyze data, and make connections to current 

issues related to their learning. In these types of learning surroundings students are more 

intrinsically motivated, creative, and critical in their cognitive thoughts.  In addition, students are 

more actively involved so learned skills and knowledge become more transferable. Transfer 
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takes place from virtual situations to real life settings with more ease while the development of 

critical life skills is carried from the virtual to the real world (Mikropoulus, 2001). Students learn 

and develop a greater curiosity for subjects they are interested in build self esteem, motivation 

and students encounter positive cognitive experiences.  

Essential 21st century skill development 

The term “21st century skills” was coined by a national group called The Partnership for 

21st Century Skills, which consists of business professionals, policy makers and educators who 

advocate for the inclusion of essential skill development into school curriculum. The purpose of 

this organization is to guarantee children are prepared for the complex 21st century world. The 

indispensable skills of focus include; problem solving, critical thinking, life and career, 

information, media and technology skills as well as learning and innovation skills. (Partnership 

website, 2009). 

 Education Sector, an independent think tank in Washington, senior policy analyst Elena 

Silva summarizes the indispensable need for employees of the future to have these “soft or 

interpersonal skills” prior to employment and stresses schools must develop “non-cognitive 

skills” in students for future success. 

Silva argues the most natural, effective way for children to learn is by a fusion of 

knowledge and thinking; rather than teaching facts separately from problem solving and critical 

reflection. When students are taught with a variety of strategies such as; workshops, research 

projects, dramatizations and collaborative group work, they develop both knowledge content 

and analytical problem solving. The ability to apply factual knowledge to real world problems 

matures the complete child, in which they develop deeper understandings, a wider global 
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viewpoint and an ability to think abstractly and creatively. The essence of 21st century skills, she 

states, is what students can do with units of knowledge rather than the knowledge itself. In other 

words the basic knowledge is vital but not enough. Students need both basic knowledge and 

application of that knowledge to succeed in the 21st century. 

To quote Janet Murray (2003) in her article concerning 21st century skill development 

and technology use; 

“The explosive growth of technology in every aspect of society offers us a unique 
opportunity to engage our citizens in economic and civic life. Digital technologies have 
given us new and better ways to teach and learn. They have made us more efficient at 
work. In return, they demand that we continually acquire and develop new knowledge 
and skills. Information and communication technologies are raising the bar on the 
competencies needed to succeed in the 21st century, and they are compelling us to 
revisit many of our assumptions and beliefs.” 

 
She states in her article that as educators who prepare students for their future, it is 

critical they have a plan of action that insures students acquire these proficiencies, aptitudes for 

using technology and an information literacy. Without these skills, she argues, students will be 

at a disadvantage in the workforce.   

Discussion 
Student development and growth 

 The student in this study started the virtual reality program as a sophomore and 

continued until graduation in 2009. He was allowed to choose his own areas of study; develop 

projects with his own ideas and participated in the give and take of collaborating with peers. 

Data was collected by observing and interviewing the student as he worked on projects, 

interacted with technology and participated in group discussions or project development. Also I 

had the opportunity to member check with the student for accuracy of what was said and done. 
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Scene 1 Scene 2 

Scene 3 

Photo 2 Student project- man back flip  (T. Richard, 2008   used with permission) 
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The learning demonstrated by the student in the above project includes the following 

areas; human anatomy, use of advanced software tools, and physics. More specially, in 

developing this project the student explained biomechanics, properties of motion and physical 

properties of human anatomy. 

S1: Here is a man doing a back flip onto a very specific point….on the box. I wanted to 
demonstrate biomechanics. 
R: What is biomechanics? 
S1: The way people move. 
R: In relationship to technology? 
S1: No, just human movement…here I had to find how the body moves when he flips….at first his 
movement was stuttering. I had to fix something in the program to make him flip smoothly. I had 
to put in armatures for movement. 
R: What are armatures? 
S1: bone structure like…it is how you make movement in VR. You add armatures to get the 
movement then add an envelope to connect the motion. It is pretty much like how the muscles 
and bones connect and work together to get movement.  
R: Did you have to research human anatomy? 
S1: yes, somewhat….I never took anatomy in school so I had to figure out how the body moves. I 
also researched the circulatory system for the red blood cell game I did. (see table 1) 
R: What physics is happening here? 
S1: there are no physics….except here (scene 1) he is resting…no motion….and here (scene 2) 
he took the energy in his muscles and made movement…then here (scene 3 ) he stopped but he 
had to bend his knees when he landed so he wouldn’t break his bones. 
R: Do you know what those actions are called? 
S1: no I’m not taking physics yet… 
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In example 2 I observed S1 collaborating with S2 on a water molecule project for the 

science teacher. The students exhibit a deeper understanding of molecular chemistry as they 

describe the concepts of the project. 

 
 

S1: I made this in Blender. S2 did the rendering. He put a molecular field behind it. This is 
for the chemistry teacher. A basic water molecule…you have the blue sphere of 
hydrogen… the red ones are the oxygen and the green there in the middle that is the 
covalent bonding. 
R: What is covalent bonding? 
S2:  this…shows the green is the sharing of pairs of electrons between the hydrogen and 
the oxygen. 
S1: This wire mesh around the molecules represents the electron field. We don’t really 
know where the electron field is but we can show it like this. 
R:  What is an electron field? 
S1: We know the electrons pass back and forth between the hydrogen and the oxygen. 
S2: We can’t see them but we can represent them like this. 

 
 

Photo 3 student project ‒ water molecule                               (Richard & Beadle, 2009 used with permission) 
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Photo 4 ‒ horse with armatures (T. Richard 2009 used with permission) 

 
For the 3rd example the student was connecting to literature when he wanted to build a 

Lord of the Rings fight scene.  In this project, when questioned, he stated that in building the 

horse he had to research movement of horses and its anatomy. He said he learned a lot about 

the feet of horses, and bone structure. He described the build of their knees, how they are 

connected to the rest of the leg and bone structures. In his research he discovered that when a 

horse breaks his coffin bone he basically can’t walk anymore. As the student was describing the 

horse with a broken leg he was laughing and limping awkwardly because he kept stating this 

piece of information in particular, was not something he set out to learn. This knowledge 

portrayed him to his peers as an expert in horse anatomy as well as providing comic relief which 

boosted his self confidence.  
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 A complete list of this student’s projects, over the course of 6 semesters in the virtual 

reality program is shown below in table 1.  The academic concepts used and the deeper 

understanding of ideas is also documented. Throughout his high school career this student took 

the following math courses; Algebra, Advanced Algebra, Geometry, College Algebra. His 

science curriculum included; Physical Science, Biology, Chemistry, and Physics.  The only 

technology class taken by this student was a freshman semester long computer applications 

course where he was taught the basics of computer use such as typing, office applications and 

spreadsheets. 

 

 
 

Photo 5 - Students collaborating                                  (Morales 2009) 
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Development of essential 21st century skills 

 Although the student in this study provided evidence of a variety of 21st century skill 

development I want to focus on 3 examples (see table 2 for a complete list). Problem solving 

was a massive skill this student exhibited in the following example of an invention he was 

working on. He broke the problem down into small steps, reflected and then did trial and error to 

find what he liked. 
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R: As you are doing this what kinds of things are going through your head?  
(S1 deep in thought and concentration) What kind problems are you solving?  
S1: Most of it is proportions. So that I get things the same size, cause in Blender there is no 
reference to real life. You can make this entire room the size of a quarter and you would not know 
the difference; you can zoom in and zoom out. Basically the size isn’t so important but the 
proportions to each other are… 
 
S1: Basically what I am making now is a pair of holographic glasses to help blind people see.  
S1: (Deletes image and clicks key board) . I also want to try to find the easiest way. 
R: so you just deleted that right? 
S1: yeah because I am going to try it a different way. I ‘m going to try something with a plane… 
(Working) and then I am going to use that spin duplication so that… push control z… control z is 
a very useful thing because it takes you back, you can delete. 
 
S1: It looks a little too blocky, so I have it set at 16 so I am going to double it to 32 to get double 
the blocks in here.  I still don’t like it… it is not enough for me so I am going to do 64. Spin it… this 
is the problem … that actually looks pretty cool. What I did was… it will spin around the camera 
and the cursor so this little target and so if I’m looking straight up and down, it will spin 
horizontally, if I am looking at it from an angle it will spin at an angle. So I actually have the 
camera in the wrong spot and spun it like this…but it actually looks pretty cool. I think I am going 
to keep it.   

	   	  

Table 2       Student learning demonstrated & 21st century skill development              (Morales 2009) 
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	   This student learned how to think outside the box, peer mentor and to negotiate as 

shown in this 2nd example in a conversation with the principal. S1, a senior and S7 a freshman 

came into the principal’s office and respectfully asked for a T.V. 

S1: You know that T. V. in the student lounge?  
P2: yes 
S1: Did you know it plays things in stereo? 
P2: I was aware it played in stereo. 
S7: Is there any way we can move it to the VR room…. 
S1: …or is it there because of a special grant? 
P2: It is there because of a grant. 
S1: I understand. Can we move it? 
P2: No 
S1: Can we get one like it for the VR room? 
P2: Put it on the wish list. 
 
For the last example the student displayed advanced information, communication and 

technology literacy, as proclaimed by the Partnership for 21st Century Skill advocates. (2008) He 

used the sophisticated tools of Blender to create projects. He used highly developed 

communication to explain academic and technical content to educational, political, and business 

professionals including representatives of international educational policy makers and leaders. 

Finally he demonstrated ethical and professional tactics as he dealt with problems with a project 

he did as a summer intern for a large corporation. Instead of reacting negatively to criticisms 

from his supervisor, about the poor quality of a handbook, he wrote a professional email, 

recognizing the problem, taking responsibility for it and was willing to rewrite and edit for clarity. 

Conclusion 

 Doors of opportunity have opened for this student as he has worked as an intern for a 

large Iowa manufacturer, applied for an invention patent, and worked for a company who is a 

global leader in providing virtual reality systems. In addition this student was accepted at Iowa 
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State University for the fall of 2009 in computer engineering. Because of his virtual reality 

experience he received a student work study job at VRAC at Iowa State, where he works on 

projects, normally reserved for graduate students. Additionally he has been asked to give a 

testimony of his virtual reality experience to CEOs of manufacturing companies such as; Alliant, 

Rockwell Collins, John Deere, Pella Corporation and University of Iowa Hospitals just to name a 

few. In January 2010 he has been asked to give a second testimony and presentation. 

  The learning and development this student demonstrated throughout his virtual reality 

experience can be summed up in his own words, “There was a spark. I was curious. It’s crazy 

what I have learned…my learning curve has been straight up…You have to be responsible for 

your own learning. School is so much more enjoyable” (Richard, 2008) 



Student‘s	  experience	  and	  learning	  in	  a	  project	  based	  virtual	  reality	  program	  
	  

18	  
	  

T.Morales	  

 

References 

Alexander, P. A. (2006). Psychology in Learning and Instruction (pp. 16-241). Upper Saddle 

River: Pearson Merrill Prentice Hall.  

Bradsford, J. D., Brown, A. L., & Cocking, R. R. (2000). How people learn brain, mind, 

experience and school. Washington D.C.: National Academy of Sciences.  

Barnett, Michael, Lisa Yamagata-Lynch, Tom Keating, Sasha Barab et al.. "Using virtual reality 

computer models to support student understanding of astronomical concepts." Journal of 

Computers in Mathematics and Science Teaching 24.4 (2005): 333-56. Print.  

Eller, D.  (2009). Virtual reality systems poised to revolutionize schools, learning. Des Moines 

Register.  

Greeno, J. G. (2009). Learning in Activity. In Cambridge Handbook of the Learning Sciences. 

Cambridge: Cambridge University Press. 

Gordin, D., & Pea, R. (1995). Prospects for scientific visualization as as educational technology. 

The Journal of the Learning Sciences , 4(3), 249-279.  

Keengwe, J., & Onchwari, G.  (2009). Technology and student learning: Toward a learner-

centered teaching model. Association for the Advancement of Computing in Education 

Journal, 17(1), 11-22.  

Kracjcik, J. S., & Blumenfield, P. C. (2009). Project based learning. In Cambridge Handbook of 

Learning Sciences. Cambridge University Press.  

Mikropoulos, T. A.  (2001). Brain activity on navigation in virtual environments. Educational 

Computing Research, 24(1), 1-12.  



Student‘s	  experience	  and	  learning	  in	  a	  project	  based	  virtual	  reality	  program	  
	  

19	  
	  

T.Morales	  

Murray, J.  (2003). Contemporary Literacy: Essential skills for the 21st century. The Online 

Educator, 10(2).  

P21 Framework definitions document (n.d.). Retrieved December 2, 2009, from  

http://www.21stcenturyskills.org/documents/p21_framework_definitions_052909.pdf  

Papert, S.,(1993) Mindstorms: Children, computers and powerful ideas. 

Salzman, M., Dede, C., Loftin, L., & Ash, K.  (2008). Using VR's frame of reference in mastering 

abstract information. Retrieved March 27, 2009  

Savery, J. R., & Duffy, T. M.  (1995). Problem based learning: An instructional model and its 

constructionist framework. Educational Technology, 31-38.  

Sawyer, R. K. (2009). Introduction The New Sciences of Learning. In Cambridge Handbook of 

Learning Sciences. New York: Cambridge University Press. 

Silva, E. (2008). Measuring skills for the 21st century. Education Sector Reports, 1-11.  

Sprague, D., & Dede, C.  (1999). If I teach this way am I doing my job? Learning & Leading with 

technology, 27(1), 6-17.  

The Intellectual and policy foundations of the 21st century skills framework (2004, May). 

Retrieved December 2, 2009, from  

http://www.21stcenturyskills.org/route21/images/stories/epapers/skills_foundations_final.pdf  

Thomas, J. W.  (2000, March). A Review of research on project-based learning Retrieved 

November 8, 2009, from  

http://www.coe.tamu.edu/̃rcapraro/PBL/PBLResearch/ReviewofResearchonPBL.pdf  

 

 


