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ABSTRACT  
We discuss strategically employing game creation throughout the 
Science, Technology, Engineering and Mathematics (STEM) 
pipeline to improve the creativity, problem solving skill and 
ethical behavior of American collegiate graduates.  Examples 
from K-12 through baccalaureate studies are presented to 
substantiate our argument that games should be further embraced 
as a means to produce needed computer scientists and engineers. 
We sketch a framework integrating all STEM pipeline phases that 
may be used as the context for dialog among academic and 
industry stakeholders. We mention middle and high school 
programs, collegiate software development contests and 
innovative product competitions in relation to STEM pipeline 
phases.  We conclude by proposing a national tracking system for 
evaluating STEM pipeline effectiveness and student outcomes.  

Categories and Subject Descriptors 
D.2.9 [Software Engineering Management], I.2.1 [Applications 
and Expert Systems] Games, I.3.8 [Computing Methodologies 
Computer Graphics] Applications, K.3 [Computer and 
Education], K.4.1 [Public Policy Issues] Ethics, Intellectual 
Property Rights, K.4.2 [Social Issues]:  K.7.4 [Professional 
Ethics], K.8.0 [General] Games  

General Terms 
Algorithms, Measurement, Performance, Design, 
Experimentation, Human Factors, Languages 

Keywords 
Games, Game Design, Interactive Media, K-12 Science 
Education, STEM Pipeline. 

1. INTRODUCTION  
The United States has a decreasing number of Americans entering 
computing disciplines. The trend is especially acute among 
underrepresented minorities[1]. Broadly, in 2002, 17% of U.S. 
students chose science majors, compared to 67% in Singapore, 
52% in China, 41% in Korea, 38% in Taiwan, 35% in Iran, and 
33% in Russia.  In 2002Ð2003, China graduated 5.8 times as many 

engineering students as the U.S.[2,3].  Nobel Laureate 
(chemistry) Rick Smalley estimated that by 2010, 90% of the 
worldÕs Ph.D. scientists and engineers will be Asians living in 
Asia[2]. This situation jeopardizes reversing the US trade deficit, 
manufacturing decline, infrastructure deterioration and national 
security exposure. 

Games have the potential to improve the quality and quantity of 
Americans graduating with science, technology, engineering and 
mathematics degrees (STEM).  Specifcially, games may be able 
influence the number of Americans choosing information 
technology careers. University of Southern California preliminary 
results indicate offering a game major increased their computer 
science applications by 50%[4]. 

Game popularity is at an all high time and continuing to grow. 
Beyond mainstream interest, games have been accepted by the 
academic community as a serious discipline with broad impact. 
We believe the inherent interdisciplinary nature of games makes 
them a vehicle to enhance the STEM pipeline. Games like 
robotics are must havesÕ for the competitive collegiate computer 
science and engineering curriculum. Yet in most universities there 
is not much game related collaboration across STEM curriculums.  

The computer science departments have onus to devise 
curriculums that develop the unique skills needed to succeed in 
the game industry and increase computer science graduates. 
Satisfying these objectives requires computer science game 
courses to contain more than narrow programming content. The 
courses should motivate ÒtypicalÓ American youth to 
independently study computing topics like game engines, 
graphics, network mobility and security.  A game design course 
must appeal to students considering liberal arts majors in order to 
increase STEM pipeline intake.  Computer science departments 
should lead integrating game design courses with offerings from 
other university schools or colleges including communications, 
business and education.  

Game creation should become analogous to verbal storytelling in 
previous generations.  As such, interactive media and by 
extension computing competence may be viewed by youth as a 
desirable necessity for self expression.  Popular original YouTube 
postings exemplify the ability of motivated youth to exploit 
available technology for creative message delivery. 

Now is the time to rigorously evaluate STEM pipeline associated 
programs, activities, and courses that affect student outcome 
quality.  Furthermore, we contend that games intrinsic 
interdisciplinary nature offers a rich source for collaborative 
pedagogy that may be interwoven throughout the pipeline to 
address curriculum, programmatic goals and objectives ranging 
from K-12 to higher education.  
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We present game inspired concepts that may be put into practice 
to improve the STEM pipeline, and we offer examples of 
beneficial activities in each pipeline phase. The game enhanced 
pipeline is a work in progress that is valuable to existing STEM 
pipeline stakeholders: students, academic institutions, STEM 
extracurricular activities, and the game industry. A game 
framework will allow faculty without formal game curriculums to 
insert game components in their courses in a manner that retains 
course objectives and improves student preparation. Program 
developers for middle and high school students may use game 
framework concepts to determine appropriate goals for their 
program relative to later pipeline stages. The game framework 
provides context for subject matter communication between 
middle and high school teachers and collegiate STEM faculty.  K-
12 weekend and summer programs, college courses and programs, 
summer internships and research experiences may use the 
framework to calibrate game based ideas and suggestions. 
Students throughout the STEM pipeline may use the game 
framework to make academic, competition, and self-motivated 
learning decisions. 

We partition the STEM pipeline into three overlapping phases: 
Engage, Prepare and Launch. The phases are sequential with 
phase onset dependent on the student(s) and situation. In rough 
terms, engagement begins during middle school, preparation 
starts in late high school and launching immediately follows. We 
describe our experiences from successful STEM programs relative 
to the STEM pipeline phases. Additionally, we introduce a self-
enrolled and self-reporting tracking system framework to assess 
longitudinal STEM pipeline effectiveness and student outcomes.  

1.1 STEM Pipeline 
Game play and game creation may be used to improve STEM 
pipeline student quality. Improvement is considered as increased 
creativity, STEM problem solving ability and teamwork skills. 
Graduating student characteristics desired by the games industry 
are applicable to many other STEM disciplines (Figure 1). 

 

  
 

 

A STEM pipeline cross section exposures themes present in all 
STEM phases. Game creation is arguably the quintessential 
activity to illustrate each themeÕs importance. Student retention is 
the STEM pipeline casing. 

 
 

 

2. ENGAGE 
The engage phase is composed of activities and instruction that 
wil l attract and spark student interest in computer science and 
engineering.  Engagement phase activities, programs, and courses 
should seek to: 

• Target elementary, middle school and early high school 
aged students, 

• Inspire students to continue learning about computing 
in middle school and into high school, 

• Give students an experience that builds self-efficacy in 
software development through game creation concepts, 

• Provide students with the potential economic and 
professional outcomes from studying game creation and 
computing, and 

• Expose students to the basic game components of story, 
media and software. 

An example activity is the CARE Summer Computer Camp 
conducted at Spelman College in Atlanta, GA 
(www.spelman.edu/~care/CARE/Camp.html)[5]. The CARE 
Summer Computer Camp is a one-week day camp. The camp is 
intended for middle school students that have completed the 6th, 
7th, or 8th grades. While the CARE Camp is a computer and 
robotics camp, the computer graphics portion is only discussed in 
this paper. The graphics and animation portion of the camp is 
roughly 50% of the total camp time. The goals of the graphics and 
animation sessions are to do the following:  

1. Teach students the design process for developing 
computer animation and virtual worlds programs.  

2. Provide instruction on how to use design tools such as 
storyboards.  

3. Provide instruction on how to use a programming 
environment such as Alice to implement their designs.  

4. Develop basic debugging and analytical skills for 
implementing computer animation and virtual worlds 
programs.  

The curriculum begins with an introduction to the gaming 
industry and interactive media. We explore examples of games 
and discuss the difference between interactive and non-interactive 
virtual worlds. We also do a comparative analysis of games, 
simulations, and animated movies within this context. The next 
component of the curriculum is the design phase, where the 

Figure 2. STEM pipeline cross section. 
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students learn to use storyboards to develop their ideas. The final 
component in the curriculum is where the students implement 
their virtual worlds using Alice[6]. Alice is an interactive GUI 
programming environment for developing 3-D virtual worlds. 
Alice was has some very important features that support our goals 
including a drag-n-drop programming interface, gallery of 3-D 
objects and characters, and abstractions that allow beginners to 
rapidly develop interesting projects in short periods of time. 

Evaluations for the CARE Camps support this activity as an 
engaging activity. The students are asked questions about their 
overall experience with the Workshops and Camps. Students 
responded at a 99% rate that they Òagree a lotÓ that the CARE 
programs were educationally beneficial. In addition, surveys 
showed that 90% of the students thought that programming in 
Alice was fun and exciting. This sentiment was coupled with 65% 
agreeing that 3-D graphics and animation programming was a 
challenge. Finally, our evaluations showed that 79% percent of 
the students were inspired to learn more about computing in high 
school. This supports the assertion that the activity fosters a desire 
in the students to learn more about the discipline to continue in the 
pipeline. 

3. PREPARE  
The prepare phase includes rigorous academics that form the 
basis for successful STEM careers. Preparation can begin in the 
upper level high school years and continues through college. The 
preparation phase is characterized by foundation courses in 
mathematics and science. Intermingled with these foundation 
courses should be other courses that emphasize some game 
creation aspect. These game content courses should explicitly link 
STEM foundation courses with a game component. Direct 
relationships like physics Ð game collisions, mathematics Ð game 
graphics, and software Ð game interaction should Òhit students in 
the faceÓ. 

Students should be exposed to the interdisciplinary complexities 
involved in game creation. This complexity provides seemingly 
boundless opportunity to reinforce STEM pipeline themes.  

Examples are: 

Academics Ð Game related programming exercises. 

Teamwork Ð Interdisciplinary student groups. 

Ethics Ð Trademarks and intellectual property. 

Innovation Ð Creating popular original games. 

 
Diving into basic game components offers opportunity to engage 
students by inserting game inspired content in existing courses 

from several disciplines including engineering, communications, 
media arts, and education. A simple mapping of game 
components to academic topics illustrates the possibilities: 

1. Effective Communication (Story) 

a. Written/oral scripting 

b. Level design and complexity 

c. Strategy and role play 

d. Genre analysis 

2. Critical Thinking (Software) 

a. Algorithm design/implementation 

b. Software engineering production procedures 

c. Project management 

d. Configuration management 

e. Interaction and controllers (user/hardware) 

f. Collision/event detection 

3. Decision Making (Media) 

a. Make/buy/reuse  

b. objects/resource constraints 

c. 2D vs. 3D design/implementation 

The Spelman College Computer Science Olympiad is an example 
activity [7] (www.spelman.edu/~sccso). The Olympiad is a 2-3 
day event depending on the chosen format, that emphasizes 
teamwork to solve Computer Science problems. During the event, 
student teams compete against each other in several Computer 
Science activities including programming, robotics, and web 
design:. 

1. Programming - Teams are given problem sets requiring 
C++ or Java algorithm solutions.  

2. Robotics Ð teams use Lego MindStorms¨ NXT kit [8] 
to perform specific tasks and are evaluated on 
completion time and solution quality.  

3. Webpage Design Ð within an allotted time period the 
teams design and implement a website to convey a 
designated theme. 

Although only the programming competition is traditionally 
considered as an activity where gaming concepts are utilized, 
because of the exposure to algorithm implementations that may be 
related to game engines, we argue that all three events provide 
opportunities to prepare students for game creation. Robotics is 
where we program a machine to execute autonomously and make 
decisions to attain a goal. This is akin to computer controlled 
characters in a video game having to perform activities and seek 
goals. The emphasis in Web page design is to develop a cohesive 
and engaging story and then construct a presentation of that story 
that will be the website. This directly related to the early stages of 
developing game narratives and storyboards. Both skills require 
idea organization and involve interactivity albeit different levels 
of interactivity.  

Other examples of preparatory programs include ÒAliceÓ 
camps[9], after school girls game programming[10] and a 
practical computing concepts summer institute[11]. 

Figure 3. Game Components 



4. LAUNCH  
The launch phase is where we envision courses and programs that 
place students in real world situations requiring use of their STEM 
preparation. This includes Co-Ops, internships and STEM product 
competitions.  Launch may begin as early as high school and has 
as its objective to produce students that are immediately effective 
using STEM for product creation or problem solving in industry, 
institutions, or entrepreneurship. 

In an academic sense, innovation is creating an original product 
that has utility to someone besides the creator. A popular game 
meets this threshold.  Students can learn to produce games for 
consumption by others.  Student designed games should be 
subjected to assessment beyond the course instructor.  Middle 
school students are a great source for entertainment game play 
appraisal.  Middle school student opinions are sometimes harsh, 
serving as a valuable learning experience for college students. A 
capstone game course should require students to thoroughly 
investigate their target audiences and consider creating games for 
audiences different from themselves.  Games for Senior Citizens, 
women, middle school students are potential demographics.   
Original student games should evaluated by neutral game players 
as a course grade component. This further intensifies time 
constraints as games must be completed at least a couple weeks 
before semester conclusion. 

Students throughout the pipeline should be encouraged to 
participate in STEM product submission competitions.  Game 
competitions have increased attractiveness when they align 
creativity with the possibility to monetize winning entries. 
Students are motivated by the prospect to financially benefit from 
their ideas. Many students believe that they can produce a top 
selling game title.  This instinct is an extension of creating a 
Òmost viewedÓ YouTube video. The Windows Media Player 
Skins Challenge [12] illustrates studentÕs ambition to create the 
definitive ÒitÓ skin. Over the years students have created 
compelling Windows Media Player skins for causes like HIV 
awareness, Colorblindness and Hip Hop culture.  

Competition can burnish linkages between entrepreneurship and 
STEM academic excellence. Game competitions reinforce the 
software quality mantras and STEM pipeline principals like 
teamwork, ethics and innovation[13,14]. Quality STEM or game 
competition entries may be used by student to demonstrate talent 
beyond academics to employers when interviewing for co-ops, 
internships and permanent positions.  

5. TRACKING AND EVALUATION  
We propose collecting data from students enrolled in game classes 

and programs across academia and industry.  We would use this 
data to answer questions such as: 

1. Are the programs of the pipeline effective in improving 
the quality of STEM students? 

2. Are these programs effective in launching careers in the 
Gaming industry? 

3. Are students being engaged to enter the pipeline and are 
they retained? If so, then what contribution do the 
programs have in this result. 

Typically, courses and programs have evaluations that allow them 
to measure the short-term impact of the program or course in 
terms of the knowledge, understanding, and attitude of the 
students. However, very few programs are able to conduct 
longitudinal studies to understand the impact of their program in 
isolation and more importantly the impact of their program in the 
context of the student experiencing other programs and courses. 
We outline a comprehensive tracking system that will enable the 
Gaming and Computer Science community to study the 
effectiveness of the many courses and programs that a student 
may encounter as a part of the STEM pipeline. 

The tracking system (figure 4) will be composed of a database 
back-end and a web-based front-end. This system will serve the 
needs of four distinct sub-communities: 

1. Students in Gaming and Computing disciplines, 

2. Student extracurricular programs that are centered 
around Gaming and Computing, 

3. Higher Education Institutions that service Gaming and 
Computing students, and 

4. Corporations in the Gaming and Computer Science 
areas.  

Members of these sub-communities would self-enroll via the web-
interface with all necessary security features including the use of 
unique numeric ids. The interface would provide students with the 
ability to obtain information about the programs, institutions, and 
corporations. Students would be able to submit applications to all 
of these entities. If a student enrolls in a program or institution, 
then this information can be added to their profile. If a student 
participates in an internship program at a corporation or becomes 
a full-time employee then this information can also be added to 
the appropriate profiles.  

This database could then be used to answer important questions 
such as those proposed at the beginning of this section. As a 
community, we could evaluate the effectiveness of courses and 
programs and how they complement one another. An industry 
member could understand better what types of programs are best 
in preparation of a potential employee. 

Developing such a system would require a cooperative effort by 
all stakeholders. Issues of privacy and security would have to be 
addressed. We are presenting the high-level concept here in the 
context of having a system that can properly evaluate the pipeline 
at a global level versus the localized evaluation processes that are 
most common today. We feel that this type of system must be 
required to develop and confirm effective strategies to sustain the 
Gaming and Computing sub-communities of higher education and 
industry.  

Figure 4. Pipeline Tracking System 



6. CONCLUSIONS  
We believe developing a game framework specifically designed to 
enhance the STEM pipeline will improve resulting student 
outcomes. The framework must support incorporating elements 
from all precollege courses and reward students who utilize their 
previously created game elements and game play skill in ever 
advancing storyline challenges.  It is imperative that games within 
the framework engage students motivating them to spend 
discretionary time improving their game or their game play.  The 
framework must extend from middle school through college and 
have tangible benefits far beyond the game industry.  The game 
framework must support organizational and individual assessment 
in a manner that success may justify additional investment while 
failure may trigger revising programs, courses and activities. Such 
a robust comprehensive framework will enable students, 
programs, institutions, and industry to actively evaluate the 
pipeline and emerging technology trends. 

Computer science departments must lean forward within 
universities and colleges to visibly reestablish computing 
discipline relevance to American youth.  Our hope is that this 
paper serves to initiate serious discussion about a wide-ranging 
framework for using games to enhance the STEM pipeline.  
Games provide a means to accelerate science based innovation by 
increasing the number of science innovators. 

 

REFERENCES 
[1] ÒFuture of Information TechnologyÓ, 2006, Microsoft 

Research, Redmond, WA.  

[2] Mayo, M. J., Games for science and engineering education, 
Communications ACM 50, 7 (Jul. 2007), 30-35. DOI= 
http://doi.acm.org/10.1145/1272516.1272536. 

[3] National Science Board, Science and Engineering Indicators 
2006, Vol. 1 NSB 06-1, Vol. 2 NSB 06-01A, National 
Science Foundation, Arlington, VA, 2006. 

[4] Zyda, M., V. Lacour and C. Swain, Operating A Computer 
Science Game Degree Program, GDCSE Ô08, February, 2008, 
Miami, FL, USA, February 2008  

[5] Hardnett, C., Gaming for Middle School Students: Building 
Virtual Worlds, GDCSE Õ08, Miami, FL, USA, February 
2008. 

[6] Alice Programming Environment, http://www.alice.org/. 

[7] Kearse, I., and Hardnett, C., Computer Science Olympiad: 
Exploring Computer Science Through Competition, ACM 
SIGCSE Õ08, Portland, OR, USA, March 2008.  

[8] Lego Mindstorms¨, http://www.legomindstorms.com/. 

[9] Adams, J., Alice, Middle Schoolers & The ImaginaryWorlds 
Camp, ACM SIGCSE Õ07, Covington, KY, USA, March 
2007. 

[10] Werner, L., Campe, S., and J. Denner, Middle School Girls + 
Games Programming = Information Technology Fluency, 
ACM SIGITE Õ05, Newark, NJ, USA, October 2005. 

[11] Scarlatos, L., Lowes, S., Sklar, E., Chopra, S., Parsons, S., 
Rudowsky, I. and H. Holder, Building Bridges: The 2006 
Summer Institute, Consortium for Computing Sciences in 
Colleges, 2007. 

[12] Shurn, Todd, ÒProgramming Fundamentals and Innovation 
Taught through Windows Media Player Skins CreationÓ, 
ACM SIGCSE'06, Houston, TX, USA, March 2006. 

[13] Microsoft Research and GDC 2008. DreamBuildPlay 2008. 
http://www.dreambuildplay.com/main/default.aspx. 

[14] Microsoft. Imagine Cup SDI. 
http://www.microsoft4me.com/imaginecup/index.aspx 

 


