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ABSTRACT 
The emergence of transformative technological advances in 
science and engineering practice has necessitated the integration 
of these advances in engineering classrooms.  In this paper, we 
present the design and implementation of a virtual reality game 
system that infuses cyberinfrastructure (CI) learning experiences 
into the Project-Lead-The-Way (PLTW) pre-engineering 
classrooms to promote metacognition for science and engineering 
design in context. The CI features, metacognitive strategies, 
context-oriented approaches as well as their seamless integration 
in the game system are elaborated in detail through two game 
modules, Power Ville and Stability. Both games involve students 
in the process of decision-making that contributes to different 
aspects of city infrastructures (energy and transportation). The 
evaluation of Power Ville deployment in a PLTW classroom is 
also presented. The preliminary assessment confirms the usability 
of CI and metacognitive tools in science and engineering design. 

Categories and Subject Descriptors 
I.3.7 [Three Dimensional Graphics and Realism] 

General Terms 
Design, Human Factors, Experimentation, and Verification 

Keywords 
Virtual Reality Game, Metacognition, Science and Engineering 
Design 

1. INTRODUCTION 
Political, social and economic advances in the United States 
during the 21st century will be possible only if the intellectual 
potential of American’s youth is developed now. However, a 

number of recent reports make it clear that the United States is 
losing ground on key indicators of innovation and progress 
because of its poor performance in teaching math and science [3, 
19]. Pre-college education, in particular, is lagging well behind its 
mandate to educate all children to higher standards, especially in 
areas that prepare students for science, technology, engineering, 
and mathematics (STEM). This eliminates many of the best and 
brightest schoolchildren from the ranks of future scientists and 
engineers. Many students who do undertake science and 
engineering studies in college are unprepared and drop out in 
frustration, while other potentially capable students never consider 
these subjects in the first place. Therefore, developing educational 
practices and settings in our K-12 classroom becomes extremely 
important; especially the ones that promote 21st century skills and 
help learners build up their “habit of mind” [4] for scientific 
reasoning and inquiry.  

The radical and transformative technological revolution has 
resulted in fundamentally new ways of science and engineering 
practice. This paradigm shift has a significant impact on the skills 
needed for a diverse science and engineering workforce that is 
capable of designing and deploying cyber-based systems, tools 
and services. However, engineering and science education has not 
kept pace with this evolution, especially at the K-12 level. There 
is a growing need to incorporate cyberinfrastructure (CI) learning 
experiences into classrooms of secondary education. Two key CI- 
based technologies which have tremendous impact on education 
and training are 1) networked computing technologies; and 2) 
virtual learning environments, including games, simulations and 
modeling. Networked computing technologies enable new forms 
of collaborative learning to meet different learner's requirements. 
Virtual games allow interactions within immersive digital worlds 
that promote learning through authentic and engaging play. 
Simulations and models help provide insights into scientific 
phenomenon making difficult abstract concepts and large data sets 
accessible in ways that are more visual, interactive, and concrete. 
As such, infusing virtual reality (VR) games with simulations and 
models into a classroom setting becomes essential. 

Living through the hurricane Katrina and its aftermath and 
reflecting on these experiences from the technical and humanist 
standpoints has led us realize the importance of bringing the 
perspectives of humanities and social sciences into design 
education [9]. Although some institutions have taken steps to meet 
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this need, most of those efforts have focused on either a capstone 
design sequence [11], undergraduate research experience [5], or 
developing a full-fledged degree program [16]. Research indicates 
that such design education should start earlier for prospective and 
beginning science and engineering students, encouraging them to 
optimize their design activities not only in technical aspects, but 
also in social and environmental areas [18].  

Motivated by these general remarks, this project, as collaboration 
between Rowan University and Tennessee State University 
(TSU), developed and implements a VR game system, called 
“Sustain City”, which is closely tied to the Project-Lead-The-Way 
(PLTW) curriculum [22] and provides CI learning experiences to 
pre-engineering students. In particular, our design carefully 
balances engagement and learning with the following unique 
aspects: (a) visual modeling and simulation tools in the games 
provide insights into scientific concepts and phenomena, and help 
analyze data in a more visual and interactive way; (b) the 
networked educational environment transcends the boundaries of 
school-based education to leverage learning taking place anytime 
and anywhere, and promotes learning through collaboration; (c) 
metacognitive strategies and problem-based learning advance 
learners’ strategic thinking and enhance their social, 
methodological and professional competence for a broader 
perspective on design; and (d) each game module is self-contained 
with a focus on particular fundamental science and engineering 
concepts, so it can be used as stand-alone contributions to a 
typical science, technology-based, or pre-engineering course or 
used in a coordinated manner through the PLTW curriculum. In 
these games, students are central and important participants of a 
virtual world in which they can become environmental scientists, 
bridge construction engineers, and traffic engineers. They learn 
how to investigate, design and pose solutions that have an impact 
on the world.  More importantly, students often find a passion for 
curricular content while navigating through the games and begin 
to see themselves as problem solvers. Such engagement allows 
students to better appreciate the content’s value.  

The focus of this paper is to illustrate the design and 
developmental aspects of our approach through an example of two 
VR games, Power Ville and Stability. Our assessment of the 
games when deployed in a high school classroom provides 
insights into effectiveness of the games in providing CI learning 
experiences.  The rest of the paper is organized as follows. 
Section 2 gives the project overview with an emphasis on the 
integrated approach and three metacognitive interventions used in 
the design of the VR game. Section 3 provides the design and 
implementation of Power Ville and Stability. Section 4 outlines 
the evaluation results and findings from the assessment of the 
Power Ville game, followed by the conclusions in Section 5.  

2.  PROJECT OVERVIEW 
2.1 Integrated Approach 
Recent reports have indicated that many STEM classes rely 
heavily on textbooks but are weak on examples, such that students 
are exposed to encyclopedias of fact without ever engaging in the 
science and engineering process [6]. The perceived dullness or 
complexity of the material, a lack of concrete applications, and 
individual preconceptions further make introductory science and 
engineering classes difficult for students, leading to lower 
recruiting and retention rates of science/engineering majors. Thus, 
it is crucial to design a fun learning environment that engages 
students in the exploration of real science and engineering 

applications and promotes strategic, constructive, and big-picture 
thinking and problem solving. As for the “big-picture” strategy, 
Bordogna [1] has well expressed the need for curricular 
integration as, “Most curricula require students to learn in 
unconnected pieces - separate courses whose relationship to each 
other and to the engineering process are not explained until late 
in a baccalaureate education, if ever. … The content of the 
courses may be valuable, but this view of engineering education 
appears to ignore the need for connections and for integration - 
which should be at the core of an engineering education."  

In our VR game system design, integration refers to a series of 
VR games in a given context (like “Sustain City”) that 
individually have a focus on particular fundamental science and 
engineering concepts, can be used as a replacement of traditional 
laboratory settings of courses at different levels of the PLTW 
curriculum, and eventually proceed to an increasingly complex 
open-ended capstone project at the senior level of the curriculum.	  
Such integration enables students to understand that their courses 
are part of a flow that contributes to the design of a system rather 
than being separate bodies of knowledge. This idea is clearly 
presented in Fig. 1 with the explanation below. 

	  
Fig. 1: The curriculum alignment and integration 

A sustainable city is a city designed to improve the quality of life, 
including ecological, cultural, political, institutional, social, and 
economic components without leaving a burden on the future 
generations [23].  It is also an exquisite combination of interacting 
systems (infrastructures) that can be designed and analyzed using 
multidisciplinary engineering and scientific principles. With the 
future sustainable city as a broader context and the city 
infrastructures as the themes, Sustain City consists of a series of 
VR games (e.g., Power Ville, Traffic Light, and Stability, etc.) that 
provide students an opportunity to learn what it means to be a 
scientist, engineer, or mathematician who helps design and 
maintain an eco-city. This opportunity also brings their content 
knowledge and skills learned in the traditional classroom 
environment to a contextual reality. As shown in Figs. 1 and 2 
(the screenshots from Sustain City for different game theme 
environments), our games align with the curriculum and academic 
subject matter - including math, circuit design, or persuasive 
writing – and each game taps into subject knowledge. The 
eventual integration of individual game components will be 
performed by teams of students in the senior-level capstone 
course, resulting in a fully-functional virtual eco-city. Through 
demonstration, explanation, and practice in different aspects of 
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Sustain City, students are motivated to see the interconnection 
between their courses as a progression of increasing design 
complexity. 

2.2 Metacognitive Interventions 
The process of learning is a very complex cognitive task that 
requires a lot of effort and motivation from learners. Research 
indicates that the more students are aware of their learning 
process, the more they can control such matters as goals, 
dispositions, and attention, and the better they become successful 
learners. Such awareness and monitoring processes are often 
referred to as metacognition –“ the processes in which the 
individual carefully considers thoughts in problem solving 
situations through the strategies of self-planning, self-monitoring, 
self-regulating, self-questioning, self-reflecting, and or self-
reviewing” [7]. In light of this, it benefits education to not only 
create an interesting and stimulating learning environment for 
students (i.e., VR games), but also to naturally integrate important 
learning tools (i.e., metacognitive interventions) into the 
interactive game activities. 

      
                   (a)                                    (b) 

      
                   (c)                   (d) 

Fig. 2: Screenshots from Sustain City: (a) Overview of Sustain 
City; (b) Power Ville; (c) Traffic Lights; (d) Stability 

• Learning Road Map – Learning roadmap provides study 
guides that endow students with the capability to find 
relevant information and to capture key concepts in the study 
materials [13]. Depending on game content, road map in our 
game might be a task list that guides students to navigate 
through game assignments and retrieve important 
information (Fig. 3); or it might be a set of suggestions 
designed to lead students through a problem solving process 
by directing attention to key ideas and suggesting the 
application of proper skills (Fig. 4). 

 
Fig.3: The roadmap in Power Ville game 

• What I Know-What I Want to Know- What I have Solved 
(KWS) training – KWS is adapted from a well known 
reading strategy, What I Know-What I Want to Know- What 
I Have Learned (KWL) [12]. It typically provides a three-
column chart structure to activate students’ prior knowledge 

by recalling what students know about a problem (K), to 
motivate students to read/think by asking what they want to 
know (W), and finally to review what part of the problem has 
been resolved and what is yet to be solved (S). This type of 
intervention is usually implemented in the traditional 
classroom environment with facilitation from instructors. 
However, in a virtual game environment, students are often 
left alone with the responsibility to explore and to figure out 
problems themselves. The lack of guidance makes it difficult 
to implement such an intervention because not all students 
are motivated to use it without facilitation. The solution we 
devised uses a series of progressive prompts at key game 
stages, as exemplified in Fig. 5 (a). The information provided 
by students at different prompts is automatically recorded 
into the corresponding portions of their KWS chart (Fig. 5 
(b)). More importantly, the What-I-Know portion of the 
KWS chart will be used to compose the player’s final report, 
which will deliver to the city Mayor and ultimately to his or 
her instructor for grading. Therefore, the player might need 
to modify his or her KWS as often as needed, since his or her 
knowledge progresses with the game (this part will be 
elaborated in detail in the next section). 

 
Fig. 4: A sample road map for a traffic light design 

• Think-Aloud-Share-Solve (TA2S) training – As Vygotsky 
pointed out, learning is an inherently social and cultural 
rather than individual phenomenon [17]. The interactions 
among peers allow intellectual synergy of many minds to 
bear on a problem, and promote the social stimulation of 
mutual engagement in a common endeavor. TA2S, 
implemented in our game system through online chatting, is 
a variation of the collaborative learning strategies, Think-
Aloud [8] and Pair Problem-solving [10]. 

2.3 Cyberinfrastructure Tools 
According to the National Science Foundation, CI describes an 
environment in which computing systems, data storage systems, 
advanced instruments and data repositories, visualization 
environments, and people are all linked together by software and 
high performance networks to improve scholarly productivity and 
to enable breakthroughs not o possible. Although SustainCity has 
much in common with the GreenCity [20] and the Mobility [21], 
our design explores way beyond the scope of these commercial 
games with seamless integration of key elements of cyber 
infrastructure, namely collaboration and communication in a 
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visualization environment. For example, in Power Ville, students 
are hired by the city Mayor to analyze viable energy sources for 
the future of the city. An interactive simulator as shown in Fig. 6 
is designed in the game to help students visually view 
environmental and economic impacts of four available energy 
options (coal, nuclear, solar and wind) for the city. In some other 
games, such as Stability, students are introduced to a 3D bridge 
model (Fig. 2 (d)), where they can visually analyze the structure 
impact of gravity and other loading effects on the bridge visually, 
and provide mitigation solutions to reinforce the bridge structure. 
To complete this task, students need to apply their structural 
systems fundamentals, including forces, loads, beams, and 
columns, to vary model parameters, and to derive their 
correlations to bridge performance. We view games like these as 
environments that make curricular content a necessary tool and 
that position the learner as a leader who transforms a virtual world 

 
(a) 

 
(b)  

Fig. 5: (a) a prompt after a player visited the coal building; (b) the 
student’s inputs to the prompt is recorded in his or her KWS 

To enable the network functionalities that allow students to share 
ideas and knowledge with their on-line group members, our 
design uses a client/server architecture. Only the instructor has 
access to the server program, where he or she can set up the group 
size and group password (Fig. 7 (a)). At the client site, all games 
are a group assignment that requires each student in a group to log 
into the system with a security password. While logged in, the 
players can participate in group discussions (Fig. 7(b)) on the 
problem/solutions through a synchronous chat function. Group 
members are not necessarily present at the same place and time. 
The discussions as well as each player’s actions are recorded in 
the system. The data is only accessible to instructors and 
researchers, providing a resource to analyze student performance 
and game effectiveness in promoting learning. 

 
Fig. 6: The interactive simulator in Power Ville 

3. Sample Game Theme and Design 
In this section, we describe the educational gaming process in two 
modules, Power Ville and Stability. These modules exemplify the 
seamless integration of fun, metacognitive interventions and 
engineering problem-solving in a well-balanced engagement and 
learning process.  

3.1 Power Ville 
Cooking a dinner, heating a house, lighting a street, and running a 
factory - all of these need power. Energy is thus at the heart of 
everybody’s quality of life. How to generate and use energy that 
satisfies increasing energy needs while combating climate 
changes at the same time becomes an unprecedented challenge for 
a sustainable city development. Bringing such real science and 
engineering design problem as well as involved societal and 
environmental issues into the Principles of Engineering course is 
the core of this game. 

The goal of the Power Ville VR game is to educate students about 
four energy choices (coal, wind, solar, and nuclear) and the 
impact of those choices on the environment of the city. To 
implement this goal, the game incorporated the CI tools, which 
are gaming, simulation and networking, and the three 
metacognitive interventions. 

Establishing a Meaningful Role 
Goal identification is of importance in game playing to motivate 
players and promote a deep understanding of content [15]. In 
Power Ville, each player is introduced to the game by visiting the 
city hall and talking to the Mayor of the city. The conversation 
asks the player to take the task, as a consulting engineer, to 
conduct and report a thorough analysis on the most suitable form 
of energy for the future of the city with the given city budget and 
energy demands. Meanwhile, the player is urged to visit different 
facility buildings and talk to individual power system experts for 
vital information regarding the pros and cons of various energy 
sources. Succeeding in this role requires that the player 
understand and apply the knowledge about power and energy 
systems learned in both the classroom and the game environment, 
together with the writing skills to collect appropriate evidence and 
compose a persuasive piece of writing. In fact, the game is 
designed in the way that automatically composes a final report for 
the player by using every justification the player provides in the 
question prompts at different game stages. 
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(a) 

	  	  	  	  	   	  
(b) 

Fig. 7: The networking activities at both (a) the server side and (b) the client side 
 

Exploring CI Tools for a Better Solution 
After players exit the city hall, they must talk to different power 
system experts located in offices spread across the city. The game 
environment is designed for easy navigation as each office 
building has identifiable and unique landmarks. For instance, the 
solar-power building contains racks of solar-panels and the wind 
power building has large turbines that tower over the streets 
below. In addition, the Road Map tool is always available on a 
game menu for players to retrieve the next task in the must-do list 
and to show the cost and the peak energy output of a particular 
power source. The game menu is launched through the TAB key. 
After players interact with individual experts, watch a video, and 
do a quiz, or play a mini-game on the energy production process 
they are exploring, they are prompted to write about stories from 
characters they talk to. These notes are recorded in KWS. Players 
can launch KWS via the game menu to modify their notes. As the 
logs for each player, particularly the What-I-Know section of the 
KWS, are automatically used to compose his or her final report, 
the player has to craft the notes using the most compelling support 
for their argument. Soon after visiting all experts and making their 
way to their apartment, players are provided with two other CI 
tools, Simulator and Optimization Programming, to help 
formulate their answers as to the best energy source for the future 
of the city. The Simulator allows players to select each of four 
different power sources with a given demand as well as other 
source-dependent constraints, such as sun exposure for solar 
power and wind speed for wind power. It then visually outputs the 
total amount of CO2 emissions and the total environmental impact 
of the chosen power source. As shown in Fig. 6, the simulation 
run of the coal power source indicates the footprint of the power 
generation and warns the player the potential of coal being 
depleted as a non-renewable energy.  

Discovering Consequences of different decision-makings 
Computing has made possible profound leaps of innovations and 
imagination. This paradigm shift has a significant impact on the 
skills needed for a diverse science and engineering workforce who 
can bring the power of computing-supported problem-solving to 
an expanded field of endeavors. Power Ville provides students the 
ability to apply computational thinking through the use of the 
Optimization Programming tool. This tool takes inputs from a 
player (i.e., the data he or she collects through the game as for the 
cost and peak energy production of a particular power, and the 
city budget and energy demands), and his or her preliminary 
decision to rank four power sources based on their environmental 
impact.  The choice each player makes at this point affects the 
final outcome of the optimization, ultimately determining his or 
her argument as for the best energy source. This decision is 
eventually brought to an in-game evaluator that uses a pre-
programmed scoring method to assess the quality the decision. 
Fig. 8 shows two possible outcomes. When a player ranks coal as 
the power source with the least environmental impact, his or her 
preliminary understanding was criticized by Optimization 
Programming tool as a one-star decision (see Fig. 8 (a)). On the 
other hand, the correct understanding of the environmental impact 
of the four power sources was rated as a four-star decision (See 
Fig. 8 (b)).  
 
3.2 Stability 
There is a strong interrelationship between success and failure in 
engineering. When engineers properly anticipate the possible 
failure modes of a structure or system, they can obviate them by 
design [14]. Stability actually explores such nature of design – 
success through failure, providing students a virtual environment 
to reinforce the structure of a bridge to help prolong its lifetime. 
This game project fits nicely to the core of the “Civil Engineering 
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and Architecture” course into the PLTW curriculum. Introducing 
a vision of engineers tackling real life problems to impact the 

quality of life generates tremendous enthusiasm and attracts more 
students, especially underrepresented groups, into engineering. 

 

     
(a) 

       
(b) 

Fig. 8: The optimization programming GUIs for (a) variable set-up and scoring. (a) and (b) present two different outcomes 
 
In the introductory scene of Stability, where a busy bridge appears 
against the backdrop of the city, players are invited to conduct a 
what-if stability analysis of the bridge with the intention of 
estimating its life-time. To complete this task, players have to 
navigate back and forth between two game scenes multiple times 
to make different observations and to collect the best evidence in 
justifying their findings. First is the input scene, where players 
must provide the mechanical and structural specifications of the 
bridge (e.g., the length and width of the bridge), average amount 
of traffic per day (e.g., the number of cars per day), and climate 
situation (e.g., snow). The inputs each player provides at this point 
affect the kinds of bridges that the player interacts with, analyzes 
and draws a conclusion about.  

Next comes with the analysis and mitigation scene. With the 
specifications being provided by the player, a simulator allows the 
player to analyze and visualize the bridge deflection (Fig. 9). Such 
experiential practice of visualizing bridge performance with 

changing loads, sizes and climate situations greatly helps players 
to draw correlations between bridge dimension, traffic, 
environment, and deflection. In addition, the analysis retrieves 
crucial facts, such as the amount of force and moments exerted on 
the bridge, and the area of beams required at the center and ends. 
The latter information is of significant importance in determining 
the number of beams and spacing required to mitigate bridge 
bending. Instead of recommending a solution, the game provides 
students a look-up table as shown in Table 1, where the cell 
values represent the required area of beams, and the column and 
row values correspond to the number and spacing of beams. There 
is no one-to-one correspondence between the value calculated 
from the analysis and the ones available in the table. Students 
must try different options that are close to the calculated value, 
observe individual reduction effects, and make an optimal 
decision for the best alleviation option. The game brings academic 
content, such as live loads, dead loads, beams and columns, into a 
contextual reality. Students not only hone their structural system 
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design skills, but also find an appreciation for their content 
knowledge as well as the excitement of seeing themselves as 
problem solvers. 

 
Fig. 9: The analysis scene of Stability 

Table 1: Lookup table to identify number and spacing of beams 

  Number 

SPACING  3 4 5 6 7 8 9 10 11 

3 0.44 0.78 1.23 1.77 2.40 3.14 4.00 5.06 6.25 

3.5 0.38 0.67 1.05 1.51 2.06 2.69 3.43 4.34 5.36 

4 0.33 0.59 0.92 1.32 1.80 2.36 3.00 3.80 4.68 

4.5 0.29 0.52 0.82 1.18 1.60 2.09 2.67 3.37 4.17 

5 0.26 0.47 0.74 1.06 1.44 1.88 2.40 3.04 3.75 

5.5 0.24 0.43 0.67 0.96 1.31 1.71 2.18 2.76 3.41 

6 0.22 0.39 0.61 0.88 1.20 1.57 2.00 2.53 3.12 

6.5 0.20 0.36 0.57 0.82 1.11 1.45 1.85 2.34 2.89 

7 0.19 0.34 0.53 0.76 1.03 1.35 1.71 2.17 2.68 

7.5 0.18 0.31 0.49 0.71 0.96 1.26 1.60 2.02 2.50 

8 0.17 0.29 0.46 0.66 0.90 1.18 1.50 1.89 2.34 

9 0.15 0.26 0.41 0.59 0.80 1.05 1.33 1.69 2.08 

10 0.13 0.24 0.37 0.53 0.72 0.94 1.20 1.52 1.87 

11 0.12 0.22 0.34 0.48 0.65 0.86 1.09 1.39 1.70 

12 0.11 0.20 0.31 0.44 0.60 0.78 1.00 1.27 1.56 

13 0.10 0.18 0.29 0.41 0.55 0.73 0.92 1.17 1.44 

14 0.09 0.17 0.27 0.38 0.51 0.68 0.86 1.09 1.34 

15 0.09 0.16 0.25 0.35 0.48 0.63 0.80 1.02 1.25 

16 0.08 0.15 0.23 0.33 0.45 0.59 0.75 0.95 1.17 

17 0.08 0.14 0.22 0.31 0.42 0.56 0.71 0.90 1.10 

18 0.07 0.13 0.21 0.29 0.40 0.53 0.67 0.85 1.04 

 

4.  PRELIMINARY ASSESSMENT 
AND LESSON LEARNED 
In fall 2011, Power Ville was piloted in Principles of Engineering 
(POE) course at Burlington County Institute of Technology – a 
vocational school in New Jersey. One focus of POE is types of 
energy (non-renewable and renewable) and energy distribution. 
After learning these concepts in lectures, the class of 15 students 
played Power Ville as part of their laboratory activities.  An online 
survey, administrated by the International Society for Technology 
in Education (ISTE), was then given to the students upon their 
completion of the game. The survey instrument, as provided in 

Appendix, is particularly designed to assess the game’s realism, 
the utility and usability of the metacognitive and CI tools, and 
students’ impressions of what they had learned.  It is important to 
note that this was formative data collection from students who are 
essentially beta testers. It is valid for suggesting game 
improvements, but not valid for making generalizations about any 
larger population.  

One of the important findings from the survey is that some 
additional scaffolding may be necessary for students to get the 
most benefit from the game experience. For instance, the 
metacognitive tools were generally usable for students without 
much assistance, but the students reacted differently to Road Map, 
KWS, and chat. Road Map was the most popular. About half the 
students used KWS, but were not sure of its value. One student 
commented, “I felt like the KWS was a bit unnecessary; however, 
if you were to create a notebook to take notes during the videos I 
believe that it would be used.” In fact, the note-taking function is 
present; but the student did not find it. Similarly, few students 
used chat (although, possibly because of personal computing 
experience, most predicted they would use it for future problem-
solving). One student felt that KWS was “redundant if you have 
chat,” as if the KWS structure of questions and the ability to ask 
questions were interchangeable. A larger issue is to help students 
understand that KWS is a simplified, specific instance of a general 
problem-solving framework that they will need to use throughout 
their careers in addressing novel challenges. 

Minor interface adjustments might make KWS and chat more 
accessible and integrated, or the instructors might need to do some 
modeling of collaborative problem solving. For example, chat is 
currently designed to be launched through onscreen menu. A 
“You Got a Message” type of note will pop up on the top right 
corner of the game GUI whenever a group member initiates chat 
with the player. The current design raised a lot of suggestions 
from the students during their play as how to “tweak” the 
interface to improve its accessibility. For instance, a scrolling chat 
box at the bottom of the screen would be much better than going 
through hierarchical menu options. 

The popularity of Road Map as a resource compared to KWS may 
be related to students having more experience with linear labs and 
projects, and thus being more familiar with this type of guidance. 
The students reported little experience with either tool prior to 
playing Power Ville. The larger question is how Power Ville and 
future games might be crafted to increase the emphasis on open-
ended problem solving and the need to use appropriate tools for 
that purpose. 

In terms of CI tools, videos and simulations were considered 
valuable by most students. Their impact on student learning was 
also partially reflected in student responses to other open-ended 
questions. For instance, students were able to provide important 
justifications when prompted to discuss energy sources with an 
advocate of a particular approach, such as “You have to factor in 
the cost, the power it supplies, and the effectiveness over X 
amount of years.” “The best way to select an energy source is to 
focus on being environmentally friendly first. Then find the most 
cost effective that will produce enough energy for your needs.”  
Students also commented on the most important things they 
learned through the game such as “The most important thing that I 
learned was to be environmentally friendly rather than being the 
most cost and energy efficient”, and “How money can decide on 
what energy source you can have to run your city”.  Although 
about a third of the stu1dents had prior programming experience, 
the programming in the game was deemed hard, and was the tool 
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most likely to require teacher assistance. Given that programming 
is to play a larger role in subsequent games, we plan to design 
additional instructions and/or internal resources to support use of 
this tool. 

Overall, there was considerable variation in responses to most 
questions, indicating that the items were appropriate in addressing 
a range of student backgrounds and attitudes. Some felt the game 
was too elementary, others found it enlightening about aspects of 
energy generation. All but one student felt that the game was more 
realistic than textbook problems, although no students felt it was 
truly like an authentic job assignment. When asked how, after 
playing the game, they might discuss power options with an 
advocate for one or another energy source, students came away 
with a variety of opinions. A third of the students emphasized that 
“it depends” on balancing a variety of factors. Another third had 
pro-environmental or pro-energy-production positions. Others had 
more nuanced points of view, such as the need to have more than 
one energy source, or the need to find out what the people 
affected value most. 

Future evaluation will involve interviews of students in addition 
to surveys. It will be important to know more about what specific 
features of the experience elicit their responses. For example, are 
students who find the game “elementary” responding to the 
engineering facts (which are covered by instructors prior to the 
game experience) or to the problem-solving context?  

Student responses were mostly articulate and to the point, and 
some students seemed to have a career focus. One commented, 
“Online chat is absolutely necessary in anything that involves 
engineering. Teamwork is very important and I use it so my fellow 
students and I can learn from each other or work together.” In 
general, however, the student responses were focused on the game 
context. It was not clear from the survey the extent to which 
students recognized that the game represented authentic 
professional activities: meetings with clients, preparation of 
complex project maps, formal brainstorming to identify knows 
and unknowns, collaboration with colleagues, and delivery of 
reports based on findings.  

5.  CONCLUSION 
This paper addresses the inclusion of CI-learning experiences into 
the PLTW curriculum. In particular, the pedagogical approach 
develops a series of virtual reality games seamlessly integrated 
into different levels of the PLTW courses. The content and 
features of the games as well as their alignment with the 
curriculum are clearly presented through two interactive game 
examples, Power Ville and Stability. The preliminary assessment 
of Power Ville presents encouraging results as the students loved 
the game as an interactive and fun deliverable method of learning. 
The insights on how and why students responded to different tools 
provide a solid foundation to leverage our game system through 
iterative design-based research [2]. 
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Appendix: 
Power Ville Feedback Survey 

1. To what extent did this assignment in the game seem like a 
realistic engineering problem? 
• Not Very. It was like any other textbook assignment. 
• Somewhat. It was more realistic than working problems in a 

textbook. 
• Very. It seemed like something I might do some day on a 

job. 
2. Please rate the usability of the following game tools  
Q2 response 
options 

Unassisted 
on 1st 
attempt 

Unassisted 
on 2-5 
attempts 

With 
peer 
help 

With 
teacher’s 
help 

Did 
not 
use 

KWS      
Road map      
Online chat 
with your 
group players 

     

Simulator      
Programming 
code 

     

Information 
acquisition 
tools 

     

3. In the game, you gathered information on power sources by 
talking to the Mayor and energy experts in the information 
acquisition stage. How often did you use the following tools 
during this stage? 

4. In the game, you analyzed information for your final report in 
the analysis and decision making stage. How often did you use 
the following tools during this stage? 

5. How helpful were the following tools for you to accomplish the 
assignment in the game? 

Q5 response 
options  

Not very. 
They made 
no 
difference in 
my game 
progress. 

Somewhat. 
They helped, 
but I could 
have 
succeeded 
without them. 

Very. They 
really helped 
me 
understand 
what I had to 
do next. 

KWS    
Road map    
Online chat with 
your group 
players 

   

Videos on 
different energy 
sources 

   

Mini-quizzes    
Simulator    
Programming 
code 

   

6. If you could keep only one of these tools in the game, which 
one would you select? 

7. If you could eliminate only one of these tools in the game, 
which one would you remove? 

8. Before playing Power Ville, how often had you used each of 
these tools for solving problems in school work? 

9. How likely are you to use these tools on your own in 
engineering or other subjects? 

Q8-9 response options Never Once or 
twice 

+3 times 

KWS    
Road map    
Online chat with your group 
members 

   

Simulator    
Programming code    

10. You get in a discussion with a person who is totally for or 
against nuclear, solar, coal or wind energy. What would you tell 
them, as an engineering student, about the best way to select an 
energy source? 

11. What is the most important thing you learned from playing 
Power Ville? 

12. What is the most important thing you need to learn next for a 
clean power production system design? 

 

 Q3-4 response 
options 

1-2 times  2-4 times  4+ times  never 

KWS      
Roadmap      
Online Chat      
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