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We discuss strategically employing game creation throughout the(Chemistry) Rick Smalley estimated that by 2010, 90% of the
Science, Technology, Engineering and Mathematics (STEM) worldOs Ph.D. scientists and engineers will be Asians living in

pipeline to improve the creativity, problem solving skill an
ethical behavior of American collegiate graduateExamples

g Asiaf2]. This situationjeopardizegeversing the US trade deifj

manufacturing decline, infrastructure deterioration and national

from K-12 through baccalaureate studies are presented toSECUrity exposure.
substantiate our argument that games should be further embraceGames have the potential to improve the quality and quantity of
as a means to produce needed computer scientists and engineersmericans graduating with science, technology, engineering and

We sketcha framework integrating all STEM pipeline phatiest

may be used as the context for dialog among academic andnfluence the number

industry stakeholders. Wenention middle and high school
programs, collegiate software development

mathematics degrees (STEMPppecifcialy, games may be able
of Americans choosing information
technology careers. University of Southern California preliminary

contests andresults indicate offering a game major increased their computer

innovative product competitions in relation to STEM pipeline science applications by 50%[4].

phases. We concludey proposing a national tracking system for

evaluating STEM pipeline effectiveness and student outcomes.
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Experimentation, Human Factors,guages
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1. INTRODUCTION

The United States hasdecreasingnumber of Americanentering
computing disciplines. The trend isspecially acuteamong
underrepresented minorities[1]. Broadly, in 200Z% of U.S.
students chose science majors, compare®7% in Singapore,

52% in China, 41% in Korea, 38% in Taiwan, 35% in Iran, and

33% in Russialn 2002003, China graduated Sighes as many
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Game populdty 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 toenhance the STEM pipeline. Games like
robotics are must havesO for toenpetitivecollegiate computer
science and engineering curriculum. ¥etnost universities there

is not much game related collaboratamross STEM curriculums.

The computer sciencedepartments have onus to d&v
curriculums thatdevelop the uniquskills needed to succeed in
the game industry and increase computer science graduates.
Satisfying these objectives require®mputer sciencegame
coursesto contain morethan narrow programing content The
courses should motivate Otypicald American youth to
independently study computing topics like game engines,
graphics, network mobility and securityh game design course
must appeal to studentsnsideringiberal arts majors in ordeo t
increase STEM pipeline intake. Computer science rtlepats
should leadntegratinggame @sign coursewith offerings from
other university schools or colleges including communications,
business and education.

Game creation should become analogougetbal storytelling in
previous generations. As such, interactive media and by
extension computingompetence may be viewed by youth as a
desirablenecessity for self expressiofopular original Yoliube
postings exemplifythe ability of motivated youthto exploit
availabletechnology 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
interdisciplnary nature offers a rich source for collaborative
pedagogy that may be interwoven throughout the pipeline to
address curriculumprogrammatic goals and objectives ranging
from K-12 to higher education.



We present game inspired concepts that may benpuipractice

to improve the STEM pipeline, and we offer examples of Retention
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, MSTE
extracurricular activities, and the game industry. A game
frameworkwill 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
develogrs 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 schodéachers 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 ynase the game 2. ENGAGE

framework to make academic, competition, and-swifivated The engagephase is composed of activities and instruction that
learning decisions. will attract and spark student interest in computer science and
engineering. Engagement phase activities, programs, and courses
should seek to:

Innovation

Academics

Figure 2. STEM pipeline cross section

We partition the STEM pipeline intthree overlapping phases:
Engage, Prepare and Launcihe phases are sequential with

phase onsetlependent on the student@)d situation. In rough * Target elementary, middle school and early high school
terms, engagementbegins during middle schoobreparation aged students,

starts in late high school af@unchingimmediately follows. We « Inspire students to continue learning aboamputing
describe our experiences from successful STEM programs relative in middle school and into high school,

to the STEM pipeline phases. Additionallyevintroduce a self
enrolled and selfeporting tracking system framework to assess
longitudinal STEM pipeline effectiveness and student outcomes.

*  Give students an experience that builds-s#fiEacy in
software development through game creation concepts,

. . * Provide students with the potential economic and
1.1 STEM Pipeline professional outcomes from studying game creadiod
Game play and game creation may be used to imp&iEM computing, and
pipeline student qualityimprovements 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). An example activity is the CARE Summer Computer Camp
conducted at Spelman College in Atlanta, GA
(www.spelman.edu/~care/CARE/Camp.h){B]. The CARE
: ; : ; ; Summer Computer Camp is a emeek day camp. The camp is
Middle & ngh School Englnee”ng/SCIence intended for middle school students that have completed the 6th,
Students / edic 7th, or 8th grades. While the CARE Camp is a computer an
edicine

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

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

— Games animation sessions are to do the following:
o 1. Teach studentsthe design process for developing
Launch Communication/ computer animation and virtual worlds programs.
\ Finance 2. Provide instruction on how to use design tools such as
. . . storyboards.

College/ Unlver3|ty Students Education 3. Provide instruction on how to use a programming

environment such as Alice to implement their designs.

Figure 1. STEM pipeine 4. Develop basic debugging and analytical skills for

o . ) implementing computer animation and virtual worlds

A STEM pipeline cross section expossihiemes present in all programs.

STEM phases. Game creation is arguably the quintessential ] ) ) . . .

activity to illustrate each themeOs importance. Student retention idhe curriculum begins with anntroduction to the gaming

the STEM pipeline casing. |ndust(y and interactive media. \/\_/e pﬂmre_ example_s of games
and disuss the differencketween interactive and namteractive
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



students learn to usgoryboardgo develop their ideas. The final  from severaldisciplines including engineering, communications,
component in the curriculum is wherket students implement media arts, and education. A simple mapping of game
their virtual worlds using Alidé]. Alice is an interactive GUI componentso academic topicBlustratesthe posdilities:

programming environment for developingD3 virtual worlds 1. Effective Communication (Story)
Alice washas some very important feats that support our goals i o

including a dragn-drop programming interface, gallery ofC8 a. Written/oralscripting

objects and characters, and abstractions that allow beginners to b. Level design and complexity

rapidly develop interesting projects in short periods of time. c. Strategyand role play

Evaluations for the CARE Camps suppdinis activity as an d. Genre analysis

engaging activity. The students are asked questions about their
overall experience with the Workshops and Camps. Students 2. Critical Thinking Softwarg
responded at a 99% rate that they Oagree a lotO that the CARE

. - o a. Algorithm design/implementation
programs were educationally beneficidh addition surveys

showed that 90% of the students thought that programming in b.  Software engineering production prdoees
Alice was fun and exciting. This sentiment was coupled with 65% c. Project management
agreeing that -® graphics and animation programming was a ' .
challenge. Finallyour evaluations showed that 79% percent of d. Conflgu-ratlon management
the students were inspired to learn more about computing in high e. Interaction and controllefgiser/hardware)
school. This supports the assertion that the activity fosters a desire f.  Collision/event detection
in the students to learn more about the discipline to continue in the . . .

ineli 3. Decision Making (Media)
pipeline.

a. Make/buy/reuse

3. PREPARE b. objects/resource constraints
The prepare phase includes rigous academics that form the ’ ! o _
basis for successful STEM careers. Preparation can begin in the c. 2D vs 3Ddesign/implementation

upper level high school years and continues through college. Therne Speiman College Computer Science Olympiad is an example
preparation phase is characterlzgd by foundation courses  iMdtivity[7] (www.spelman.edu/~sccsoThe Olympiad is a -3
mathematics and science. Intermingledth these foundation day event depending on the chosen format, that emphasizes
courses should be other courses that emphasize some gamgamwork to solve Computer Science problems. During the event,
creation aspect. These game content courses should exphcn[y linkstudent teams compete against each other in several Computer
STEM foundation courses with a game component. Direct gcience activities including programming, robotics, and web

relationships like physic® game collisions, mathemati® game design:.
graphics, and softwaf® game interaction should Ohit students in . . o
the faceO. 1. Programming Teams are given problem sets requiring

. o . C++ or Java algorithm solutions.
Students should be exposed to the interdisciplinary complexities

involved in game creation. This complexity provides seemingly 2. Roboticsb teams use Lego MindStorms™ NXXKit [8]
boundless opportunity to reinforce STEM glipe themes. to perf_orm_ specific task_s and are evaluated on
completion time and solution quality.

Examples are: . - . .
3. Webpage Desigt within an allotted time period the

AcademicsDGame related programming exercises. teams design and implement a website to convey a
Teamworkb Interdisciplinary student groups. designated theme.
EthicsDTrademarks and intellectual property. Although only he 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 pregre 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 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 organiztion and involve interactivity albeit different levels

of interactivity.

Innovationb Creating popular original games.

Other examples of rpparatory program include OAliceO
camp$9], after school girls game programmin@l0] and a
practical computing concepgsmmer institutel[1].

Diving into bas lity to engage

°= Figure 3. Game Components et
students by in existing courses



4. LAUNCH and programsicross academia and industry. We would use this

Thelaunch phase is where we envision asas and programs that ~ dat@ to answeguestionsuchas:

place students in real world situations requiring use of their STEM 1. Are the programs of the pipeline effective in improving
preparation. This includes €aps, internships and STEM product the quality of STEM students?

competitions. Launch may begin as early as high school and has
as its ofective to produce students that are immediately effective
using STEM for product creation or problem solving in industry,
institutions, or entrepreneurship. 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.

Are these programs effective in laundhicareers in the
Gaming industry?

In an academic sense, innovation is creating an original product
that has utility to someone besglthe creator. A popular game
meets this threshold. Students can learn to produce games fofypically, courses and programs have evaluations that allow them
consumption by others. Student designed games should bd0 measure the sheterm impact of the program or course in
subjected to assessment beyond the course instructor. Middlderms of the knowledge, understanding, and attitude of the
school students are a great source forreitenent game play  Students. However, very few programs are able to conduct
appraisal. Middle school student opinions are sometimes harshlongitudinal studies to understand the impact of their program in
serving as a valuable learning experience for college students. Aisolation and more importantiyne impact of their program in the
capstone game course should requstadents to thoroughly — context of the student experiencing other programs and courses.
investigate their target audiences and Consi(mﬂng games for We outline acomprehensive tracking system that will enable the
audiences different from themselves. Games for Senior CitizensGaming and Computer Science community to study the
women, middle school students are potential demographics.effectiveness of the many courses and o that a student
Original student games should evaluated by neutral game playergnadyencounteas a part of th8TEM pipeline

as a course grade component. This further siies time The tracking systenfigure 4) will be composed of a database
constraints as games must be completed at least a coegks W packend and a webased fronend. This system will serve the
before semester conclusion needs of four distinct subommunities:

Students throughout the pipeline should be encouraged to 1. Students in Gaming and @puting disciplines,
participate in STEM product submission competitions. Game 2
competitions have increased attraetiess when they align '
creativity with the possibility to monetize winning entries.

Student extracurricular programs that are centered
around Gaming and Computing,

Students are motivated by theospecto financially benefit from 3. Higher Education Institutions that service Gaming and
their ideas. Many students believe that they can produce a top Computing students, and

selling game title. This instinct is antersion of creating a 4. Corporations in the Gaming and Computer Science
Omost viewedO YouTube video. The Windows Media Player areas.

Skins Challengg12] illustrates studentOs ambition to create the - .
definitive C)itOg¢ szlgin. Over the years students have dreate Members O.f these summmunities WOUld seJénr.oII via the web
compelling Windows Media Player skins fartauses like W/ lntgarface with .aII. necessary security features. including the use of
awareness, Colorblindneaad Hip Hop culture. unique numeric !ds. The'lnterface would provide §tud_ent_s with the

ability to obtain information about the programs, institutions, and
Competition can burnish linkages between entrepreneurship anctorporations Students would be able to submit applications to all
STEM academic excellence. Game competitions reinforce theof these entities. If a student enrolls in a program or institution,
software quality mantras and STEM pipeline principals like then this information can be added to their profile. If a student
teamwork, ethics and innatio{13,14. Quality STEM or game  participates in an internship program at a corporation or becomes
competition entries may be used by student to demonstrate talenj full-time employee then this information can also be added to
beyond academics to employers when interviewing feops the appropriate profiles.

internships and permanent positions. . . .
P P P This database could then be used to answer important questions

5. TRACKING AND EVALUATION such as those proposed at the beginning of this section. As a

We propose collecting data frostudents enrolled igame classes ~ community, we could evaluate the effgetiess 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 stakelolders. Issues of privacy and security would have to be

Web-based addressed. We are presenting the éytel concept here in the
Front-End context of having a system that can properly evaluate the pipeline
i 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 stdommunities of higher education and
industry.

Database
Back-End

Figure 4. Pipeline Tracking System



6. CONCLUSIONS

We believedeveloping agameframeworkspecfically designed to

enhancethe STEM pipeline will improve resulting student

outcomes.The framework mussupport incorporatingelemats
from all precollege courses aneward students whatilize their
previously created game elememstsd game play skilln ever
advancing storyline challenge#t is imperative thagames within
the framework engage students motivating thento spend
discretionary time improving their game or theame play. The
framework must extend from middle school througiiege and
havetangible benefits far beyond the game industiyhe game

framework must support organizational and individual assessmentz]

in a manner thasuccessnay justify additionalinvestment while
failure may trigger revising programs, courses activdies. Such
a robust comprehensive framework will

pipeline and emerging technology trends.

Computer science departments must
universities and colleges to visibly establish computing
discipline relevance to American youthOur hope is that this
paper serves to initiate serious discussion abowtda-ranging

framework for using games$o enhance the STEM pipeline.

Gamesprovide a mans to accelerate science bagetyvation by
increasing the number of science innovators.
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