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This paper reports on high school students’ deep learning of fundamental concepts in
programming during a pilot summer camp organized to promote construction-related careers,
especially construction technology careers, to high school students. The camp introduced
concepts from programming, virtual reality, and construction disciplines to students who had
little to no experience in these fields. The two-week long program utilized a project-based
learning approach to increase relevance and deep learning, in addition to exposing students to
learning concepts using hands-on experiences. Completion of a project was the focus of the
program, and required the students to design and construct a building in a virtual environment
using a programming language. To construct this building as specified in the project
requirements, the students had to learn programming, use proficiently a virtual reality software,
utilize their spatial visualization prior knowledge, and collaborate with each other. The objective
of the program was to entice a new generation of tech-savvy students towards construction, which
will eventually expedite technological adaptations in the construction industry. The challenges,
findings and recommendations from the program are discussed in this paper.
Keywords: Interdisciplinary Education, Programming, Construction, Project-Based Learning,
Virtual Reality, Spatial Visualization

INTRODUCTION
School system: Problem solving
The current U.S. school system uses a model in which many of its courses and subjects exist in silos, resulting in
minimal interdisciplinary connections made. The content for courses such as physics, chemistry, and biology is
presented usually in an isolated manner that emphasizes the specific field of study. Students who then pursue further
studies in these fields usually maximize their effectiveness in a single area of learning. However, the National
Institute of Building Sciences has done research that shows that some of the most resource-efficient and
environmentally sustainable buildings are designed with integrated design (Vassigh, 2016). Integrated design is a
type of interdisciplinary collaboration between architects, engineers, and construction professionals in which they
collaborate on a project that combines the knowledge of these fields (Vassigh, 2016). The combined knowledge of
these fields increases the overall performance of the project that is constructed (Vassigh, 2016). An interdisciplinary
approach might be what is needed to produce beginner programmers that are prepared to continue in their studies in
science, technology, engineering, and mathematics (STEM) fields. Students entering entry level programming
courses tend to have a very hard time understanding the concepts due to lack of prior exposure and relevant
applications. (Adu-Manusarpong et al, 2013). This difficulty with the basic concepts of programming leads to a high
dropout rate (Adu-Manusarpong et al, 2013). There could be a potential remedy for high dropout rates in entry level
programming courses. Having a course that takes an interdisciplinary and project-based learning approach to
programming could potentially aid in this situation.
Combining the knowledge of different concepts from fields such as construction and computer science, and
incorporating virtual reality (VR), high school students were provided a nurturing environment for students to learn.
This interdisciplinary program could also help students from the field of construction to be better prepared for entry
level programming courses. Through project-based learning, these students would be introduced to a project that
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they must complete by the end of the program. In order to complete the project, they must learn concepts, which
would be introduced in class, and then reinforced by in class activities. These activities would help them practice the
concepts and would aid the students in their preparation for the final project. Although these activities would be
focused on building design, they would also have 3D visualization and programming components tied to them. By
taking an interdisciplinary approach to the project, combining concepts from construction, computer science, and
VR, the students would be able to produce elegant solutions for the final project (Figure 1). This interdisciplinary
approach also could attract tech savvy students to the field of construction technology.

Fig. 1. Overview of the fields that are being used in this Project Based Curriculum
Project-Based Learning
The class was structured with the first week teaching the basics of programming and Unity. Unity is a game
development engine that can be used to create interactive environments that can work with VR goggles like Oculus,
or on a computer screen. These tools would be crucial for the student’s success in the class project which they would
have to complete by the end of the course. In order to complete the project, they would have to learn concepts from
Construction, Computer Science, and 3D visualization. As concepts were introduced, the students were given an
activity that requires various tasks to complete. The students then would prove that they understand the concepts by
completing an in class activity. This educational strategy is known as Project Based Learning (Kolmos, 2009). A
great benefit from this educational strategy, is that the students are learning concepts in order to complete a project.
They are motivated to take part in in class activities to learn these concepts. This motivation is a key aspect of this
programs educational structure, and a great benefit as well (Blumenfeld et al, 1991). With Project based learning, the
students would work to complete a project of some kind. During their work, they would collaborate ideas, and
concepts which would help them refine the knowledge that they have acquired. This collaboration created a small
social network where the students shared thoughts and ideas. This collaboration was fueled by the goal of
completing the final project. The social network created informal peer to peer interactions that potentially increased
the student’s retention and deep learning of the concepts (Brewe et al, 2009). By each student understanding
concepts to different degrees, the moment of collaboration would be mutually beneficial for all those that
participate. The daily activities were there in order to make them prepared to face the final project. Which the
students also collaborated in order to complete tem. Through the daily activities and tasks, students would be able to
learn the necessary information in parts and be able to apply the new concepts the same day. These in class activities
have been shown to be preferred by students because of its hands on approach (Adu-Manusarpong et al, 2013). The
following day the concepts would be built upon which would increase their general proficiency.

Computer Programming
Programming is a skill that has become more and more useful in society today since it has been integrated into many
different fields of study. Programming can be applied to fields such as construction. In construction, programming
can be used to help optimize resources and automate repetitive manual works saving cost, time and enhancing
safety. Students in high school and college would benefit from learning to master this skill. Programming isn’t a
skill that can be acquired easily. Programing courses in Computer Science (CS) and Information Technology (IT)
are viewed as being difficult, and have high dropout rates (Adu-Manusarpong et al, 2013). This view of
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programming often times drives students away from even attempting to take these courses because they display a
low level of self-efficacy. Self-efficacy is a person’s belief that they could or couldn’t do a specific task (Bandura,
1993). By having low self-efficacy, the person would then provide less cognitive effort. With lower cognitive effort,
performance in the task is affected (Bandura, 1993). Even though the barrier to entry might be more challenging
than other skills, programming allows the user to be able to utilize computers to their full potential. With
programming students would be able to accomplish their goals more efficiently.

Virtual Reality
The National Academy of Engineers has identified virtual reality as one of the potential grand challenges of the 21st
century (Askin, 2008). Virtual reality (VR) is a computer simulated environment rendered in 3D. There are different
media to display VR, but for the purpose of this program, head mounted Oculus VR headsets were used. Being a
unique tool, VR has the potential to provide benefits in the classroom. The main benefit of VR is that it allows the
viewer to get a better understanding of the subject matter by seeing it. These visuals could be applied to a variety of
things, from showing how a building would look before it is built, to how large a blue whale is in comparison to a
human being. In the field of Psychology, virtual reality is used to help patients dealing with PTSD by creating an
environment tailored to exposure therapy (Miller et al, 2014). In the field of Construction, VR can be used to help
architects better visualize building plans and show these designs to others that have trouble visualizing the building
from the blueprints. A very beneficial aspect of VR is that it can provide students with motivation to explore
creative ideas. (Lau, 2015)
With virtual reality, students are also able to see visual representations of concepts or objects in a 3D space that
might be difficult to visualize. For example, the concept of how a loop works can be represented in a virtual space
by placing bricks in a loop to construct a wall. Students can also see concepts that are more challenging to
understand such as arrays with virtual constructs that they can see. Virtual Reality has the potential to provide
students with an experience of them creating objects of any size that is only limited by their imagination.

EDUCATIONAL FRAMEWORK
PILOT STUDY

Table. 1. Overview of the Camp Schedule
The paper presents the findings of a summer camp organized as a pilot project to incorporate the above-mentioned
domains into a single project. The summer camp was called “VITAL Summer Camp 2016 <code your dream
house>”. VITAL stands for Visualization, Informatics, Technology, Automation and Learning sciences. The goal
for the students was to be able to design a building in virtual reality just through code. By creating the building
through code, the students would only see the building after the code was executed. With the coding requirement,
the students would need to be able to visualize the building design mentally or with the use of blueprints.
The VITAL Summer camp was conducted in order to introduce concepts from Programming, Virtual Reality,
Construction, and 3D Visualization to High School students in an interdisciplinary format. The concepts would be
taught in a curriculum that is structured after Project Based Learning. As can be seen on Table 1, the structure of the
classes was divided into 3 types, a normal class day, a day dedicated to working on the final project, and a
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presentation. The first week was devoted to teaching the students the foundation in programming necessary to be
able to complete the final project. The second week dealt with the students working on their project and later
presenting the results of their labor.
Class days dealt with a core concepts and techniques followed by a short activity. The outcome of these activities
would be to help the students understand and use these new concepts on a practical scenario, while also apply these
concepts in Unity. By applying these concepts in a virtual space, they would see a visual representation of the work
they have created. The core programming concepts and techniques that were taught on the first week were as
followed: General programming syntax, objects, classes, data types, if statements, arrays, and loops. Along with
basic programming knowledge, the students were challenged to approach the in class exercises differently. The goal
wasn’t just to complete the mini projects, but to complete them as efficiently as possible.
With all the general programming concepts learned, the students would tackle the final project. The project was
designed so that the students had to implement at minimum one loop, one array, and one if statement. Asides from
these requirements, the students were free to build any kind of building, or structure that they wished. Being only
limited by their imagination, the students wished to implement tasks that required more advanced skills and
techniques that were not apart of the curriculum. . The student’s ideas motivated them to learn new concepts and
techniques that were not part of the planned curriculum in order to reach their goals. By the middle of the second
week, the students had each learned new techniques in Unity and programming that were shared amongst
themselves. These new skills allowed for the students to create unique buildings, with unique features. One of the
students wanted to be able to give a more realistic virtual tour of his building on the Unity software. This student
created stairs that would trigger an event when the player would approach them. This event would allow the player
to walk smoothly up the stairs in a more realistic way without the need of jumping.
The unique features that were implemented by the students increased their self-efficacy in the realm of
programming. The sense of accomplishment expressed by these students as they learned an entirely new concept,
that they originally felt impossible, increased their interest in programming. This new sense of confidence was
displayed during their presentations. The students had great pride in their work which lead to them to continue
working on projects to improve on them after the course ended. Examples of their work can be seen on Fig 2.

Fig. 2. Student Projects: Office building, Home, Giant

EDUCATIONAL CHALLENGES
Knowledge Silos
A challenge that many professionals face is that their knowledge is centered on their discipline and doesn’t deviate
into other fields of study (Vassigh, 2016). These disciplinary silos, or knowledge silos prevent professionals from
approaching situations from different points of view (Vassigh, 2016). An objective of the course was to introduce
the concept that interdisciplinary skills from fields such as Construction, and Computer Science can be used in
unison to solve practical problems. In the case of the course, the students would combine concepts from
Construction such as creating plans for their building, and programming from Computer Science in order to build
the building efficiently. Virtual reality was also used in order to give the students a project that involved visualizing
3D objects in a virtual space. This type of activity in visualization also served to help refine the student’s spatial
visualization capabilities.
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Construction: Technological Interests in Newer Generation
The students had virtually no experience in computer programming. These students also had no knowledge on how
buildings are constructed, or what it takes to design them. The final project required for the students to be able to
design a building, and then construct it on Unity. The design portion of the project required that the students use
some measure of spatial visualization, which is a difficult task, even for Civil Engineering students who refine this
particular skill (Alias, 2002). The construction portion showed how programming could be a beneficial tool to build
a structure in a virtual environment. By constructing a building in a virtual environment, the building itself could be
easier to perceive to others that have no training in Construction than by using spatial visualization from reading
blueprints.

Engineering Plan Reading and Designing
Once the students gained the necessary knowledge to start the final project they then used different methods to
approach the problem. Three of these methods stood out amongst the rest because of how much progress was made
in a small amount of time. The methods involved, creating and using physical blueprints, using a virtual model, and
using programming code to create a structure of any shape and size. Two of the three methods relied heavily on
spatial visualization, while the other relied on programming and 3D visualization.
The first method was to design the building’s blueprints on paper. The amount of planning and design involved in
this method allowed the student to foresee potential issues before he even started building. The student relied on
spatial visualization in order to conceptualize the building through the blueprints. Because of the blueprints, the
building turned out to be very organized and intricate compared to the other buildings.
The second method involved using a pre-existing home that the student created in a videogame as a model that he
then tried to recreate. The student did create a blueprint, but he mainly relied on the model for reference. With this
model, he could visually see what he was creating which helped him in creating exactly what he wanted.
The final method involved creating a programming script that allowed the student to customize the building’s
structure into several rectangular shapes by having the user specify parameters of length, width and height. The
product from this method wasn’t as complex as the others, but the script was easily customizable suit the user’s
needs. This method relied solely on the student’s mental visualization and imagination of the building.

Computer Programming Challenges
The students that signed up for the course had little to no programming experience. Two of the students had just
started taking an entry level programming course at the start of the first week of the course. These students still had
little to no knowledge of programming. They each came with different levels of interest, but as a whole the group
wanted to learn how to create a virtual environment. A challenge that was faced early on was to show the students
that using programming to create multiple structures on Unity was greatly beneficial. This task was tackled by
having the students create a brick wall. With code, a brick wall of any size could be created with a small amount of
programming. Then, by altering the code with mathematical logic, then the wall could be edited in any specific way.
Some of the students originally felt that programming would be beyond their ability. When the final project was
introduced by the teacher, and the first programming concepts were introduced, the students expressed that
programming was beyond their grasp. These students had a low level of self-efficacy. This low level of self-efficacy
made it difficult for these students to grasp the concepts within the first day or two of the course. The difficulty
arose not just from the material, but because they felt that they weren’t able to accomplish the tasks laid out before
them (Bandura, 1993). However, because of the collaborative learning environment within the class, and the
students hard work, they were able to learn the concepts that were presented. After the first week the students felt
more confident in their ability to code, and were able to tackle the final project head on. By the end of the program,
these students managed to complete the project and gain a great sense of accomplishment. These students also
gained a higher level of self-efficacy throughout the course because they were also able to learn concepts and
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techniques from outside sources. These concepts ranged from clever coding practices to extra utilities in Unity that
were not covered in the curriculum.

Spatial Visualization Abilities and Strategies
Spatial visualization is a key factor in engineering fields. Spatial visualization is a useful skill that allows engineers
to represent designs, and communicate them to others more clearly (Allam, 2009). It’s a key skill that allows
engineers to reason over concepts such as strain, fluid-flow and stress on buildings (Allam, 2009). This ability may
be essential learning to solve problems in civil engineering in topics such as structural design, engineering
mathematics and soil mechanics (Alias, 2002). Designers must be able to visualize buildings from blueprints before
they begin building. Although Spatial visualization is taught to engineers through their studies, it could be beneficial
to be introduced earlier. In the VITAL camp, students are introduced to spatial visualization when they are tasked to
construct a building in virtual reality (VR). An example of a student’s progress designing a home is found in Figure
3.

Fig. 3. Progress of the plans throughout the program: Beginning of the camp (left) and
end of the camp (right)
Collaborative Learning Environment
The students worked on their activities in an environment where they would be able to communicate freely. This
environment allowed for the students to help each other when learning the concepts, and while designing their
buildings. This collaboration created social networks among the students (Brewe et al, 2009). The students who
collaborated also provided different points of view and different sources of experience. These students provided help
for solving tasks that their classmates might have had issues with. This social network created peer to peer
interactions that were beneficial for the students to reinforce concepts that they didn’t fully understand. A visual
representation of this social network is displayed in Figure 5.

Fig. 5. Visual representation of the collaborative learning environment among the students.
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Self-efficacy

Collaboration &
interaction

Planning

Quality
of
Product

A

Was very eager to learn the
Originally felt that the material Collaborated
Spent much time
High
material, but was having
was too challenging, but was
extensively with the designing the layout of
5/5
trouble getting some concepts. willing to learn something
others.
the house

B

Was very eager to learn the
material, and was
understanding concepts
quickly.

C

Was very eager to learn the
Originally regretted signing up Collaborated
Spent the most time
High
material, but was having
for the class because the material extensively with the designing the house on
5/5
trouble getting some concepts. seemed beyond his capabilities. others.
paper

D

Was very eager to learn the
material

Wanted to learn a new skill
regardless of what it was.

Collaborated with
the others

Didn’t plan much, but
Good
tried to make something
.4/5
more creative

E

Was very eager to learn the
material, and was
understanding concepts
quickly.

Thought the materials was
difficult, but doable

Collaborated with
the others

Spent more time
designing the algorithm Good
and designed as he went 4/5
along

Thought the materials was
difficult, but doable

Did not collaborate Spent much time
High
too much
designing the algorithm 5/5

Table. 2. Student Outcome Matrix
The students that collaborated the most, like student A as seen on Table 2, had a similar programming structure, and
building thought process. The two styles of construction were based on whether the student had a plan to build a
specific building, or created an algorithm to work with any building. Among the students, student B collaborated the
least while the others collaborated greatly with each other. Student B chose approach the project differently from the
other students. He decided to create a modular algorithm. This particular student approached the project from a
Computer Science standpoint, while the others approached the project from a Construction standpoint. Student B
created a completely modular home that could be altered to create square or rectangular house of any size. The other
students instead would plan how their house would look, with either a blueprint, or a model. Then these students
would try to recreate the building. Through this social network, the collaborators completed the project in a similar
way, while the outsider completed the project in his own way.

DISCUSSIONS AND RECOMMENDATIONS
Since the camp was designed as a pilot study, it was not necessary to have a large class size. Deep and meaningful
feedback from the students was important to improve the curriculum for the future implementation of the program.
Regardless of the class size, the students responded positively to the program, and were able to have numerous
interactions. They were motivated to learn foreign concepts that seemed “impossible” in their beginner’s eyes, and
were able to create unique projects in a short amount of time. The results of the pilot study showed promise;
however, the scale of the study will be increased next year to obtain a more meaningful sampling of data. The length
of the camp could be increased, which would allow for more concepts to be introduced, virtual reality would have a
bigger focus, and the class could potentially become a college course itself. The camp focused on construction, and
had elements from programming and virtual reality included. The short two-week camp resulted in students
receiving a more condensed curriculum. If the camp lasted more than two weeks, then it could have taught the
students more concepts, and helped them test out more complex projects. Some of the students continued to work on
their projects after the camp ended, and were able to improve greatly on them after just a few days. The program
could also be adapted into a college course for beginning programmers. Many students struggle with the first
programming courses in college. (Adu-Manusarpong et al, 2013). A possible solution could be to repurpose this
course into an entry level interdisciplinary course for construction students. The course could be a way to teach the
basics of programming and logic that are needed for students to be successful in the beginning programming courses
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(Adu-Manusarpong et al, 2013). The course brings awareness to students that technology could be applied to the
field of construction in order to solve problems in interesting ways.

ACKNOWLEDGEMENT
The program was completed with the help of some undergraduate students from Brazil. The students that provided
support were Ana Luiza Souza, Felipe Dannebrock, and Ariel Nunes. These students provided their insight and
expertise in design of the curriculum, and class activities. We thank these students for their support.

REFERENCES
Adu-Manusarpong, K., Arthur, J. K., & Amoako, P. Y. (2013). Causes of Failure of Students in Computer
Programming Courses: The Teacher Learner Perspective. International Journal of Computer Applications, 77(12),
27-32. doi:10.5120/13448-1311
Alias, M., Black, T. R., & Gray, D. E. (2002). Effect of Instructions on Spatial Visualisation Ability in Civil
Engineering Students. International Education Journal, 3(1), 1-12.
Allam, Y. S. (2009). Enhancing spatial visualization skills in first-year engineering students (Unpublished doctoral
dissertation).
Askin, R. G. (2009). Grand challenges for industrial engineering in the 21st century. IIE Annual Conference
Proceedings, 1-6.
Bandura, A. (1993). Perceived Self-Efficacy in Cognitive Development and Functioning. Educational Psychologist,
28(2), 117-148. doi:10.1207/s15326985ep2802_3
Blumenfeld, P., Soloway, E., Marx, R., Krajcik, J., Guzdial, M., & Palincsar, A. (1991). Motivating Project-Based
Learning: Sustaining the Doing, Supporting the Learning. Educational Psychologist, 26(3), 369-398.
doi:10.1207/s15326985ep2603&4_8
Brewe, E., Kramer, L., O’Brien, G., Sabella, M., Henderson, C., & Singh, C. (2009). Investigating Student
Communities with Network Analysis of Interactions in a Physics Learning Center. doi:10.1063/1.3266688
Kolmos, A. (2009, January). Problem-Based and Project-Based Learning. University Science and Mathematics
Education in Transition, 261-280. doi:10.1007/978-0-387-09829-6_13
Lau, K. W., & Lee, P. Y. (2015). The use of virtual reality for creating unusual environmental stimulation to
motivate students to explore creative ideas. Interactive Learning Environments, 23(1), 3-18.
doi:http://dx.doi.org.ezproxy.fiu.edu/10.1080/10494820.2012.745426
Miller, K. J., Adair, B. S., Pearce, A. J., Said, C. M., Ozanne, E., & Morris, M. M. (2014). Effectiveness and
feasibility of virtual reality and gaming system use at home by older adults for enabling physical activity to improve
health-related domains: a systematic review. Age and ageing, 43(2), 188-195
Snyder, A. (1986). Encapsulation and inheritance in object-oriented programming languages. Conference
Proceedings on Object-oriented Programming Systems, Languages and Applications - OOPLSA '86.
doi:10.1145/28697.28702
Vassigh, S. (2016). Hybrid Technologies for Interdisciplinary Education. Journal of Civil & Environmental
Engineering, 05(06). doi:10.4172/2165-784x.1000201

http://www.ascpro.ascweb.org

150

