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ABSTRACT

With the goal of inspiring atisk middle school students, we have developed an innovative
curriculum using oe sixth replicas of the rov&currentlyon Mars Each student receives haruls
experience by performingiissionsn a Smulationprogram. These missions allow students to relate to the
process of controlling the actual roveFurthermore, tsidents have an opportunity temotely program
ard controlthe replicas ira realisticMartian landscape created in the basement of a middle school.
Programming robots in this landscape is the centerpiece of a Technology curricallifoun middle
schools in the Allentowchool District as well aa summer and Saturday program at Lehigh University.

1.INTRODUCTION

In 2003alone the number of newly declared computer science and computer enginegjong ma
declined by 23% [1], in spite of the growing demand for IT professioridigs decline cafe traced to
declining interesin computing and IT in high schools, where programming courses are small and do not
reflect the ethnic or gender diversity of the general population. Due to the national decline in computer
science majors, more exciting veaeach computer science are needed to meet the growing need for IT.

Robotic® especially autonomous or remotedgntrolled robot8 is one such exciting and
rapidly growing field. Autonomous vacuum cleaners and lawn mowers are available for sale. Young
people see the potential of autonomous robots is prominent in movies and video ganieaRPhe
sponsoredJrban Challengéor autonomous vehictgLehigh jointly developed the fourlacing vehicle)
has attracted the attention of national medihe Spiit and Opportunity rovers have generated an ongoing
stream of images from the surface of Mars.

This paper focusson aninnovativecurriculum forteachingrobotics at the middle school level.
Students learn how to design missions which become programeplicas of the Mars roversA local
middle school has converted a basement storeroom into a realistic model of a Martian landscape, on which
the rovers perform their mission¥his handson experience generates excitement as students learn about
space engineering, and computer scienddrough exciting missia) the studentgain experience by
usinga realistic model of the NASA control room.

The remainder of the paper is organized as follo8&ction 2 introduces twautreactprograms
designed tanterestin STEM and IT, which have developed the new curriculBaction 3 describeke
replica rovers and their environmeiricludinga student friendly interfacend asimulationprogram that
lets students try out rover progranfection 4 discussesarlyresultsand finallysection 5 concludes with
plans for dissemination and future work.

2.LV STEM and Launch-IT

LV STEM (Lehigh Valley Science, Technology, Engineering, and Mathemaddias) NSF GK12
project which sends graduate students to Heigelop innovative researdurricula in local schoolésee
www.lehigh.edu/stei The first author is one of eightSF Graduate Fellows for this project and the
second author is the Principal Investigator. LVEBT seeks taviden the pipeline of PhDs who are
advocates for KL2 education and of H2 students whoancommunicate complex concepts of STEM
disciplines through writing and multimediaGraduate Fellows, Lehigh faculty, STEM school teachers,
and voluntees from local corporations work together on teams to develop novel curricula in Lehigh Valley
schools with substantial majorities of students from wnelpresented minorities. The LV STEM project
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began developing the Martian landscape project and alunicata middle school ithe Allentown School
District with 76% minorityand86% low incomestudents. These efforts have generated tremendous
enthusiasm within the school, the district and beyohtarrisonMorton Middle School (HMMS) is now a
NASA Explorer schoobndtheMars Yard has been featured in the March 10, 2006 editidhef
Chronicle of Higher Educatian

LaunchIT is an NSF ITEST project whose vision isftaunch atrisk middle and high school
students in the greater Lehigh Valley toward g@lend careers imformation Technology (1T (see
www.lehigh.edu/launchjt Thesestudents are bussed to the campusediigh University once a month
during the school year and for three wedlksngthe simmer. Sixth and seventh graders amerking on

the robotics team, learninghowdoo nduct sci ence, mat h and technol ogy

controlled robots ithe Martian landscapat HMMS.

Until the fall of 2006theLV STEM programat HMMS had sed ER1 robotdeveloped by
Evolution Robotics Each robotequireda laptop computer on top of ivhich controlled all robot
operations.Students wrote small programs for the ERdploying a relatively simple interface ¢ff-Then
rules Thusstudentdearned how to program with a simple, highd environment, checking inputs from
sensors and creating outcomes with actuatoRecently, the LV STEM HMMS team decided to move
away from the ER1s, because Evolution Robotics is no longer supportingvtipeided educational
model, the ER1s have limitations with respect to durability and pdifierand because the lead HMMS
teacher advocated more faithful realism to the Mars rovers.

Several new developments have recently enhamesddrtian landscapprogram With
additional support from the Pennsylvania Infrastructure Technology Alliance (PITA) and GEARS
EducationalSystems LLC, more realistic rovers have been developed aedtmology class rootmas
been remodeletb look likethe NASA control ceterfor Spirit and Opportunity A more realistic
environmenteads to more realistic scientific missions and increases interest amatgdeets. Launch
IT isincorporating these new technologies into their program as W#.vision of the Allentow School
district is to expand to use of the new curriculum under developmentftaafllentown middle schools.

3.METHODOLOGY
The new technology being introduced is creating excitement for the students. These new
technologies consist of replicavers, an interface to control them, and a simulation of their operation.

3.1Replica Rovers
As a teaching tool, the program use®plica of theMars roves. Sincearriving in2004,Spirit
and Opportunitjhave been sending images, temperafaed dher measurements back tarkh; students

can view exciting images on the NASA web siféhe rovers have outlasted their expected operational time

by years, making them one of the most successful science and engineering projects of Although
only expected to travel one kilomet&pirit hastraveked 7 kilometers and Opportunityastraveled 12
kilometers. The rovers ar@rogrammed vi@ommands sent from Earth.

The replica that GEARS Robotics developed specifically for this prigegte sixththe size of
the actual roversFigure 1 shows the repliagith six wheels. Theseheelscan be controlled individually
or simultaneously.Forthe interface, the wheels azentrol simultaneously Each wheel has a motor
mounted inside of it, along witmotors to rotate wheels for turninor sensing e replica has a camera
and a science probe. Although the replica moveslg|atstill moves faster than tHall scalerover. The
replicahas the same suspension design afuthscalerover, allowing for travel over rough terrainTo
connect to the replica, a wireless connection is used to transmit commands.
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Figure 1:0ne sixth replica of Mars rover

For a more ralistic experience, an environment for replica called the Mars Yard was Auilt.
unused storage room in the basemera s¢hool building was convertedora Martian landscapeSeveral
features provide a realistic environment. For exampten&as paintingf Martianterrain decorates the
walls createto a panoramic viewfigure 2 shows the Martian landscape in the backgrouay the800
square foot floarred concert and gravihitating the surface of Ma@so addto the experience. When
entering the room, you pass through an air lock style dborallow remote acceds the rooma cameras
mounted on the ceilingTogether, these features create a unique experience.

3.2Interface

Thereplicarover® sriginalinterfacewascomplex and difficult foistudens to use In the summer
of 2007, the first author designedd implemente simplerinterface for theiver was designed and built
in Java This interfacavas designed with two modes for communicating with the replica., Eostmands
may besen separately so control decisions can be made in real time. Sgcantire advanced control
allows forusers taraganddropcommands into a queue for the entijgeue to be executéa sequence
This advanced control ithe standard way of communicatiofihe advancedontroller (shown in Figure)2
has to be simplen®ugh for the students to ysait must also be complex enough for the students not to
lose interest.To create a visually pleasing interfageaphics were producedAlong with the graphigghe
skill levels of thestudentsnust be tagninto account.Since the students vary between sixth and eighth
grade, they have varying levels of skill. To meet the needs of every stildeinterface must have
different levels of difficulty. The control system is simple enough to amguirethe fourbasiccontols.
These controls are forward, back, left, and righbwever,an advanced studec&inbe more efficient if
he/she useadditional controls that are a combination of the basic contRilsdents may also adjust the
speed and length of time for exeiogta command.



Figure 2 Control interface for replica of Mars rover

Another feature for teachers feettime elapsed. Thfeatureallows a teackrto monitorhow fast
a student is working. The ability to tintlee processalso creates a competitidbetween students to push
them harder. In future work, the interface will allow a student to create and execseeies of commands
in the form of the code that the replica roaetuallyreceives.

3.3Simulation
Since here are only three robots iretMarsYard, the studento-robot ratiocreates a problem
To solve this problemra simulator was developed. This allows studengsatdwork on their own
simulator to test their ideas before running them on the agpkta rover Figure 3 illustrates the
simulation display screermAs Figure 3 shows, actual pictures of the Mars Yard and replica rover are used
in the simulation.

Figure 3 Simulation ofa replicarover intheMarsYard



