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UNIVERSITY MENTORING FOR FIRST LEGO LEAGUE
Whitney L. Howell*, Edward J. McCaffrey?, and Robin R Murphy?

Abstract - This paper describes the teaching methods used by the
teachers and graduate student mentors for studentsinvolved in the
FIRST Lego League (FLL) Robotics Competition. Participants in
the FLL, aged 9 through 14, were exposed to topics in roboatics,
artificial intdligence, engineering, biology, and ecology, in order
to promote handson experimentation and development of
presentation Sdlls. Two important observations for  potential
mentors from academia are 1) teachers are often unprepared or
uncomfortable with robotics and 2) sudents need more
introductory materials, especially with programming and
engineering principles, in order to be successful. The methods used
to mentor the students are meant to serve as a guide for future
guidance in FIRST Robotic Competitions, or other indruction in
the areas of roboatics, engineering, and programming. All materials
discussed areavailable uponrequest.

Index Terms — FIRST Robotics Competition, Lego Mindstorns,
Mentoring, Robotics

INTRODUCTION

This paper discusses the interdisciplinary approach used to teach
robotics, including lessons and exercises developed. The overdll
lessons learned in a competition setting are aso presented. By
applying these methods to students involved in competitions such
as the FIRST Lego League (FLL) or in the dassoom setting,
teachers and mentors can use robotics as a motivating example that
will capture students interest in science and engineering.

Competitions such as FLL encourage researchers to push the
field of robotics by promoting ideas and research for future work
[1]. They encourage students to study disciplines such as math and
stience. According to [2], preiminary results suggest that
competitions such as FLL may actudly have the potentid to
increase the number of future engineering students.

The competition exposed ateam consisting of 3"—8&" graders
to robotics, artificid intelligence, biology, and engineering, while
enhancing their hands-on laboratory abilities and encouraging their
development of presentation skills. Not only did the competition
provide an understanding of concepts in engineering and
programming principles, it aso encouraged the students to pursue a
science-based career.

Often teachers and/or universities are volunteered to mentor or
coach FLL teams and are not fully prepared for the chalenge.
Mentoring a FLL team takes time and commitment. FIRST
suggests that a mentor dedicate a minimum of two hours two to
three meetings per week plus additiond preparation time suggested
in Sec. Sesson Preparation Time. This places a great burden on

teechers, who may not be comfortable with the technology.
Because robaticsis afarly new and interdisciplinary field, much of
the current materid presented to teachers in robotics ams a
helping them teach only robotic hardware and control. These
materiads do not help teachers learn to teach programming, an
important agpect of robotics. This paper, dong with the suggested
textbooks and the FIRST Mentoring Guide [1], should adequaely
prepareany adult to mentor aFLL team.

Our methods are intended to leverage exising materias to
successfully teach robotics from not only an  engineering
perspective but aso acomputer science perspective. Sec. The 2002
FIRST Compstition Experience discusses the importance of
competitions in education and presents a description of the
competition platiform. Next, a description of the methods and
teaching techniques used are presented. Results are presented and
discussed in - Sec.Methods. Findly, Sec. Summay details
recommendations for mentors or educaors considering future
guidance in FIRST Robotic Competitions, or other ingruction in
theareas of engineering, robotics, and computer science.

The 2002 FIRST Competition Experience

The FIRST Robotics Competition and Lego League are exciting,
nationwide competitions that team professionas and young people
to solve engineering desgn problems in an intense and competitive
way. They were started through a collaboration between the Lego
Corporation and other sponsors, and are now organized by a non-
profit parent organizetion. FIRST, which dands for “For
Inspiration and Recognition of Science and Technology”, was
designed to get kids excited about careers in engineering and
computer science. In 2003 the competition included more than
20,000 students on over 800 teams competing in 24 competitions
[31.

The HRST Lego League, modeled &fter the FIRST Robotics
Competition, is the current Roboatics program for younger students
aged 9—14. The younger roboticist teams have eight weeks to
research, dtrategize, design, build, program, and test a fully
autonomous robot capable of completing the objectives of the
chdlenge. These teams use Lego Mindstorm parts such as sensors,
motors and gears to gain hands-on experience in engineering and
computer programming principles by congructing and
programming arobot of their own invention[1].

TheTeam

The team, named the Lizard Wizards, was comprised of four home
schooled students, their teacher, and two graduate students from the
University of South Horida (USF). The Lizard Wizards competed
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for ther firgt year in the FIRST Robotics Lego League in early
December, 2002.

The Students. Four home-schooled students made up the
Lizard Wizards, they were divided into two sub-teamsthat entered
the locad FLL competition. The students varied in ages and grades.
The youngest student was 10 years old and in 5th grade and the
eldest was 13 and in 8th grade.

The Teachers Denise McGahee, the lead teacher for the
Lizard Wizards, has taught in her home for three years. Denise
started the Lego Robotic program because of its great ability to
teach smple mechanica and engineering principles in a handson
manner. Anticipating difficulties teaching engineering principles,
such as gears and torque, she contacted USF where she was
referred to agraduate student, Edward M cCeffrey.

The Mentors. The dudents were mentored by two USF
graduate students, Edward McCaffrey and Whitney Howell. Both
Students were advised by Dr. Robin Murphy, a professor in the
Computer Science and Engineering Depart ment &t USF.

Edward McCaffrey is currently is a PhD dudent in the
Mechanicad Enginesring Depatment & USF. He came to USF in
Fdl, 2001 as a Graduate Felow and is currently working as a
Research Assstant for Dr. Rgiv Dubey in the Rehabilitation
Robotics Group. His focus is on the teleoperation of a
reconfigurable whedchair mounted robotic am. Ed was the leed
mentor and designed thelessonstaught to theteam.

Whitney Howell is a PhD sudent in the department of
Computer Science and Engineering a USF. She came to USF in
Fdl, 2002 and joined Dr. Robin Murphy's Center for Robot-
Assgted Search and Rescue Laboratory (CRASAR). Currently she
isworking as a Research Assgtant focusing on programming robot
sensor interfaces. Whitney has prior experience using technology
as ateaching tool in engineering, computer science, mathematics,
and stience for K—12 sudents with The Consarvancy of
Southwest Floridaand The JASON Foundation for Education.

The Competition Challenge

The 2002 chdlenge weas titled “City Sights’ and explored the
obstacles, restrictions, and challenges that urban planners face to
provide basic sarvices to the inhabitants of a city [1]. Eight
chdlenges varying in difficulty and following the “City Sights’
theme of the competition were presented to each FLL team. The
roles of the mentors and teachers were to provide an adequate
background to the students so that they may apply the principles
learned by designing and building a robot through independent
thought. In addition to completing the challenges within the rules
and time congtraints given, they must complete a research project.
The research project wasto be given equa weight intime.

The Lizard Wizards research project focused on using a robot
to help nesting sea turtles overcome the struggles they currently
face in the environment from predators and human interference.
Theteam won the award for best research paper.

The teams had eight weeks to build, program, and test their
own fully-autonomous robots to accomplish the “City Sights’
chdlenges using the Lego Mindstorm Robatics Invention System
2.0kits. Thekits contain an assortment of piecesincluding:
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An RCX (Robotic Command eXplorer) Microcomputer
which is a programmable Lego brick tha has three sensor
inputs, three output ports, four control buttons, an LCD
display, and an infrared tranamitter. It dso has a Hitachi Hi8
microprocessor to process programs, 32KB of internd
memory to storefirmware and programs, and aspesker.
CD-ROM Software thet dlows users to cregte a program for
the robot in the RCX language by using icons to represent a
program segments.

718 Lego pieces

2Motors

2 Touch Sensors that teke physicd
environment.

1 Light Sensor that takeslight readings.

1 Infrared Tranamitter Tower that establishes a wirdess link
between the computer and the RCX brick to alow programs
to beloaded.

1 rotary encoder that was available as an add-on package was
alsoused.

input from the

Two additional programs were available: RoboLAB, a visud
programming language designed by Nationa Instruments, and
FORGOT, which is smpler to use but difficult to multitask. The
gandard RCX language was used because it offered an essy-to-
understand, iconic visud programming language that served as a
good springboard into programming principles.

The Collaboration of Educators

The methods presented in Sec. Methods were the result of the
collaboration between the three educators (the teacher, engineer,
and computer scientist). Each brought knowledge required to teach
the principles needed to succeed in the competition.

The Teacher. Denise McGahee has three years of teaching
experience. She advisad the mentors on the gppropriate subject
materid level, often rewoding explandtions and lessons in
terminology the studentscould understand.

The Engineer. Ed McCaffrey, a mechanicd engineer
graduate student, taught the team aspects of engineering such asthe
physica concepts of power, efficiency, gear raios, leverage, and
trection. The concepts were readily understood when using
mechanica examples assembled from the Lego Mindstorm kits.
Although he had previous experience as a graduae teaching
assistant, he had little experience teaching children and had some
difficulty explaining Al roboticsterminology to the students.

The Computer Scientig. Whitney Howel, a computer
science graduate student, taught the team the basic terminology of
Al robatics usng anima models and provided an introduction to
programming. Concepts included programming by behaviors and
good software engineering principles such as decomposition and
program sructure, code modularity, testing, and debugging. She
aso brought teaching experience to the collaboration as she spent
five years udng technology to teach environmentd science to
kindergarten — 17" grade students. Her experience with children
and her knowledge of Al robotics and programming concepts
aided both theteacher and engineer in bridging the disciplines.
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The Competition Outcome

The FLL competition was held in early December at The Museum
of Science and Indugtry (MOSI) in Tampa, Horida The Lizard
Wizards won the Research Presentation Award and the Specid
Recognition Award; the Adult Coach Mentor Award was awarded
to Edward McCaffrey. Although the team did not earn any
technicd awerds, they were interviewed by the judges who
determined that their grasp of the fundamenta concepts of
mechanics and robot design were superior to al the other teams.
The awards were divided into four caegories: Technicd,
Team Performance, Special Recognition, and Judges Awards.
Technical Awards - Robot Desgn Awad and Robot
Performance Award.
Team Performance Awards - Research Presentation Award
and Teamwork Award.
Special  Recognition Awards - CQutstanding Volunteer
Award, Adult Coach Mentor Award, and Young Coach
Mentor Award.
Judges Awards - Rookie Award, Againgt All Odds Award,
Team Spirit Award, and Other Judges Award.

Based on this experience the authors learned the following 1)
thereisa strong need for teacher training in this area and 2) future
activitieswill need to include an introduction to basic programming
conceptsfor both theteachers and the students.

M ETHODS

The following methods are meant to serve as future guidance in
FIRST Robotic Competitions, or other indruction in the areas of
engineering, robotics, and computer science. What makes these
methods unique from other hands-on approaches are the course
materids, the mentors perspectives, and the manner in which the
mentors presented topics. This section begins with a brief
overview, followed by a discusson of each session. All discussed
materials are available upon request.

Overview

Because the aim of the sessonswas for the students to successfully
compete in a competition, the gods of the mentors, sudents and
teecher differed. The dudents focus was on winning the
competition. The teacher's god was for her students to advance
their knowledge in engineering and programming principles
through the learning experience of the competition. The god as
mentors was to provide the students with the fundamentas of
roboatics, engineering, and programming principles. To satisfy these
objectives the combined focus became teaching methods that could
be gpplied to solve the chalenges within the competition, rather
than directly focusing on the challenges aone.

Because the nature of the sessions were more informal than in
a classroom seiting, activities were interspersed with educational
lessons, hands-on exercises, and discovery learning (freetime for
students to explore the concepts of the lessons). Topics within the
lessons emphasized how each of the sciences has contributed to
eech topic. Lessons fostered discusson and critica thinking
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through the use of participaory, handson exercises. These
exercises were in the aress of engineering, which included sensors,
motors, and gears, and in robotics, which induded reflexive
behaviors, characterigtics and connotations of reective behaviors,
steps in designing a reactive behavioral system, and programming
by behaviors. The topics presented in robotics dosdy followed
chapters in Dr. Robin Murphy's textbook, Introduction to Al
Robotics [4]. Topics regarding engineering principles and robot
mobility followed chapters from Robotic Explorations[5].

TheSessons

The mentors met with the students for eight weeks for atotd of 13
sess0ns, gpproximately 2—3 hours each session. Each session was
modeled dter Dr. Murphy's course, Introduction to Al Robatics.
The sessions closdly followed the curriculum presented in the class
and the books, Introduction to Al Robotics [4] and Robotic
Explorations [5]. Each session opened with a 20—30 minute
lesson taken from these sources followed by a hands-on discovery
learning period adapted from laboratories created by Aaron Gage
to supplement Dr. Murphy's class [6]. Another often cited source
was “RoboCamp”, a 1-week science camp for middle school
students feetured in “Robots for Kids” by Dr. Murphy [7]. Session
3: Robot Design. To better undestand a robot as a system, the
components of a robot (CPU, sensors, manipulators, and mobility)
were examined and described using the example of the Lego
Mindstorms Roverbot. The missons of the compstition were
discussed and the tasks required of the robot to accomplish these
missions were defined. An overview of the fundamentals of the
design and prototyping of robots was covered. The idea that the
robot must seamlesdy meld with the environment, rather than fight
it, wasconveyed.

ligs the sessons and corrdating chapters and labs used in
mentoring The Lizard Wizards.

A subset of the course objectives and modified course content
was adapted to target the students in 8—8" grades. Objectives
included:

A knowledgeof thebasic Al paradigmsin robotics

Theability to design and implement areactive behavior

Familiarity with common techniquesfor navigation[8]

The sessons were broken up by the mentors into two basic
disciplines of robotics: engineering principles and computer science
principles. Both mentors were studying robatics, one the in field of
engineering and the other in the fidd of computer science. Both
brought fundamenta perspectives from each of their fiddsto the
lessons (It is our observation that athough having mentors from
eaech area is an ided scenario, it is not necessary to successfully
mentor a team). The following section provides an overview of
thirteen sessions grouped in the areas of engineering and computer
stience. It is hoped that a teacher or a mentor can adequately
prepare for amentorship inasimilar setting with these methods.

Robotics from an Engineering Pergpective. Engineering
principles are presented and discussed in the following five
sessions.
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TABLEI
FSIONSAND CORRELATINGCHAPTERS
Sesson Titles Chapters Sections
Sessonl: Introduction to Al Robatics Sactions11—
Fundamental Conceptsin | Chepterl: From Tdeoperation To 16
Robatics Autononmy Labla-1b
Sesson2: Introduction to Al Rabotics Sation5.3
Enginesring Principles Chepter 5. Designing a Reactive
Implementation
Sexdion3: Robatic Explorations Sedtions32—
Robot Design Chepter 3: Snsors 33,36,38
Session4: Robati ¢ Explorations Sedtions4.1—
Gearingand Motors Chepter 4 Motors Gears, and 42,45
Mechaniars
Session5: Introduction to Al Robotics Sedtions31—
Introduction to Robatics Chepter 3: Bidlogical Foundationof | 34
Programming and the Reactive Paradigm Lab2
Behavior-based Robots Robatic Explorations Sedtions4.1—
Chapter 4: Motors, Gears, and 42
MechanisTs
Sesson6: Introduction to Al Robatics Sedtions4.1—
Mation Planning Chepter 6: Common Sensing 44
Techniguesfor Readtive Robats
Sesson7: Introduction to Al Robatics Sactions4.2,
Programming Reactive Chepter 4and 5: Designinga 52-55
Behaviors Reactive |mplementation Lab4
Sesson8: Introduction to Al Robotics Sadtions6.1—
Reactive Behaviors Chapter 6: Comnon Sensing 65
Techniquesfor Reactive Robats
Sesson9and 10: Rabatic Explorations Stion54.3
Discovery Learning Chapter 5: Control
Sesson 1L Introduction to Al Robatics Setion35
Shema Theory Chaepter 3: Bidlogical Foundationof | Lab3
the Reactive Paradigm
Sesson12and13: Rabatic Explorations
Conpetition Preparation Appendx F

Session 1. Fundamental Conceptsin Robotics. Themajor
topics of discussion in session onewererobot mohility,
manipulation and sensing. Discussions on mohility involved
explaining the variouswaysrobots can move (waking, rolling,
flying, etc.) Methodsfor sensing the environment (sonar, IR, UV
and visible light sensors, tactile sensors) were discussed, aswell as
the difference between active and passive sensors. The use of robot
manipulatorsto interact within the environment, including
gripping, digging, and pushing were presented. Finaly thethree
realms of robots: mobile, industrial manipulators, and hybrid robots
werediscussed.

Session 2: Engineering Principles. In this session the topic
focused on the concept that robots are tools created for specific
purposes that can vary gregtly in form and function. The session
opened with a broad discussion of the uses for robots and how they
can beused to assist humans.

Sesson 3: Robot Design. To better understand a robot as a
system, the components of a robot (CPU, sensors, manipulaors,
and mohility) were examined and described using the example of
the Lego Mindstorms Roverbot. The missions of the competition
were discussed and the tasks required of the robot to accomplish
these missons were defined. An overview of the fundamentals of
the design and prototyping of robots was covered. The ideathat the
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robot must seamlesdy meld with the environment, rather than fight
it, was conveyed.

Sesson 4: Gearing and Motors. This sesson covered the
actud physca reationships between gears, levers, power, speed,
and torque in DC motors. The discusson dso incduded
transmission loss and how transmissions compensate for improper
motor Sze. Examples of the different geer ratios were built in order
to demongtrate the relationships between torque and RPM inaDC
motor.

Sesson 6: Mation Planning. Before programming with
sensors was presented (See section Robatics from a Computer
Science Perspective) a brief introduction was given on how
oftware controls the mechanics of a robot. The students were
shown awell-designed robot to convey the idea that a good design
involves a solid and robust platform thet is essy to build upon with
sensors and manipulators.

Raoboticsfrom a Computer Science Per spective. Oncea
good robot design was devel oped, it was obviousthat lessonson
programming concepts were needed. Principlesin computer
science and programming reactive behaviorsare presented in the
followingthreesessions.

Sesson 5: Introduction to Robotic Programming and
Behavior -based Robots. The session presented the basics of
programming principles. Most of the team members were fairly
computer literate and could essily navigate in a Windows
environment, but lacked fundamental programming skills. The
team had been introduced to the Lego programming language in
Sesson 1, however, they needed to have a more complete
understanding of programming congtructs such as conditiona
datements, loops, and data dructures. These concepts were
introduced by cresating Smple programs that were downloaded to
the RCX brick on the robot the team had built in earlier sessons
(we FIGURE). Thesimple programs.

Demongrated conditiona branching with ifthen (yes-no)

satementsand variables.

Demonstrated loopsand timers.

Introduced counters and iteration.

Not only did the smple programs introduce the fundamentas
of programming with the RCX's graphical programming language,
it ds0 gave an introduction to the concept of dead-reckoning. In
addition to providing the basics in programming, it was crucia to
integrate good software engineering principles, especidly testing
and debugging strategies.

The basic mtroduction to programming principles and the
discovery learning time took approximatedly 1.5 hours. The
remaining 0.5—1 hour were spent introducing reactive behaviors.
This closdy followed Chepter 3 of Dr. Murphy's book [4]. To
further explain reactive behaviors an ethological model was chosen
asan anaogy. The students readily accepted the concept of reactive
behaviors when related to a lizard edting an insect. The team
demonstrated they grasped the basic progamming constructs by
creeting their own programs and testing the robots.

Sesson 6: Motion Planning. In this sesson touch, light,
timer, infrared (IR), and varidble sensors were introduced. The
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team was given the task of modifying the smple programs created
earlier to do Smilar tasksusing sensors (see HGURE I1).

Session 7: Programming Reactive Behaviors. This sesson
integrated the previous two sessions. A refresher lesson on reactive
behaviors was given. Behavior was defined and various animal
behaviors were discussed. A description of a smple cockroach
example was discussed, describing how the insect reacts to its
sensory inputs. This led to activities in programming reective
behaviors with the Lego sensors. The students and mentors worked
together to develop smple wal following and line following
programssee FIGURE 111).

Additional Sessions. The studentswere given additional
supervised timesto freely explorethe concepts they learned in
engineering and computer science. These sessonsweretitled
Discovery Learning. Thelast two sessions focused on preparing for
the competition by perfecting thegamestrategy.

Sesson 9 and 10: Discovery Learning. It isimportant during
the discovery learning times that the mentors steer the students
towards the interaction between the comptitor, robaot, and gaming
surface. The mentor should oversee the direction that the students
are taking and guide them towards a suitable design. They should
dissuade the students from spending too much time on exploration
of known dead ends astime becomeslimited.

Sesson 12 and 13: Competition Preparation. The man
focus of the last two sessions was the need for team cohesiveness,
mutual suppott, the stresses of competition, and how to be a good
competitor. Programs and robot designs were tested, twegked, and
perfected.

Session Preparation Time

Because hoth mentors were taking Introduction to Al Robotics a
the time and had backgrounds in engineering and computer
sience, prepardtion time was minima. TABLE |l gives
gpproximate times required for preparation before each lesson.
These times will vary depending on the mentors knowledge of
robotics, engineering, and programming.

DISCUSSON

Additional Recommendations

The previous methods provide a basdine for mentoring a FLL
Team. It is recommended that these methods and sources of
information be used when mentoring a FLL team or teaching
robotics in a dassroom sting. Following ae three
recommendationsin order of perceived importance.

Frs, and most important, it is recommended thet reective
behaviors be presented early and stressed as an efficient method for
completing the missions. After atending the competition, it was
observed that the teams thet excdlled in points and missons were
teams that successfully implemented reective behaviors in their
programs. The teams that relied on dead-reckoning strategies aone
did not do aswell. The Lizard Wizards used two reactive behaviors
and 3 dead-reckoning programs. All three dead-reckoning
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SMPLEPROGRAM 1, 2AND 3.

FIGURE I
MODIRED PROGRAM 4, 5 AND 6 USNGSENSORS

FIGURE I
LINEANDWALL-FOLLONVNGPROGRAMS,

programs ran into problems due to cold weather conditions
(traction and bettery power), and repeatability. However, their
reective behaviors completed dl tasks and earned the most points
inthe competition.

Second, athough the RCX language was used, it is
recommended that RoboL ab be considered, especialy if the
sudents have prior programming experience. We chose the RCX
language because the students were very inexperienced and had
little programming knowledge, and aso because it was being used
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TABLE I
PREPARATIONTIME
Sessons Preparation PrepTime
Sessonl: Read Lego Mindstorms Robatics Invention | 25minutes
— Contructopedia
ngal Mindstorm Software 20minutes
Read Introduction to Al Robatics (IAIR | 30minutes
Chepter 1
Modify Lab laand 1b 30 minutes
Sesson2: Reed IAIR Section 5.3 15 minutes
Sesson3: Reed Robatics Explorations (RE) 30 minutes
Chepter Sections3.2, 33,36, 3.8
Sesson4: Read RE Chepter Sattions4.1,4.2,45 45 minutes
Sesson5: Reed IAIR Chapter 3 45 minutes
Modify Lab2 30minutes
Review RE Chepter Sections 4.1, 4.2 15minutes
Sesson6: Reed IAIR Chapter 4 45 minutes
Sesson7: Read |IAIR Chepter 5 40minutes
Modify Lab4 30minutes
Sesson8: Read |AIR Chepter 6 45 minutes
Sesson9: Reed RE Chapter Section 54.3 30 minutes
Ses5on 10: Review any necessary sources
Sesson1L: Review IAIR Sation 35 10minutes
Modify Lab3 30minutes
Sesson12: Reed RE Appendix F 45 minutes
Sesson 13 Review any necessary sources

in Dr. Murphy's dass. The RCX language initidly seemed the

better choice because of its smple graphic format and easy-to-use

click-and-place style. The team quickly redized that athough it
was very essy to work with intidly, the language rapidly became
difficult as more complex behaviors wereimplemented.

RoboLAB is dso a grgphica programming language. It is
more flexible than the RCX language in that it dlows for
complicated behaviors composed of multiple smultaneous
behaviors to be easily programmed. Another benefit of RoboLAB
is thet it is dmilar to visud programming languages such as
LabVIEW, Visud Badic, and Visud C++. RoboLAB is a precursor
to these languages and provides excellent training for students
considering fieldsin engineering and computer science.

Lastly, it was observed that a more efficient, productive use of
mentors and students time may be one longer session per week
lasting gpproximately three hours, rather than two shorter sessions.
It was found that a good portion of the bi-weekly two hour sessions
were consumed preparing and cleaning up the Lego pieces and
game board. Quite often the children would begin to grasp an idea
just asthe session timewas coming to an end.

In addition to the above recommendations, the following
suggestionsare offered:

- Keep the team sze smdl as this dlows for more individua
attention and for al team members to teke part in &l aress of
the competition. If a team is large, separate the students into
subgroups (gpproximately 5 students).

Promote nove ideas and concepts for solving the individud

missions. The rules are often ddliberately vague asto dlow for

free thinking and unique solutions. Do not limit the students
imaginations.

If possible have more than one Lego Mindstorm kit per

group. This dlows dudents to experiment with multiple

designs concurrently. It adso dlows the teams to have
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additiond pieces for
assemblies.

When uploading programs to the RCX brick with the IR
tower, be sure any other RCX bricks are not running in the
area It was quickly discovered that an IR tower could upload
programs to multiple RCX bricks in the room, overwriting
programson bricks not intended for uploading.

Be prepared. Students &k questions. If the mentor does not
have a background in teaching, robotics, engineering, or
computer science, it is easy to get confused by sudents
questions. Keep reference materids available. It is ok to say "l
don't know" if you provide an explanation later on.

supplementary  manipulators  and

SUMMARY

Theskillsrequired to succeed in arobotics competition are
interdisciplinary in nature and encompass numerous fields such as
engineering and computer science. Along with knowledge of these
fields mentoring a robotics team requires preparation and
dedication that may not be fully redized a the gstart of the
mentorship. Two important deficiencies in preparing for a robotics
competition were found: 1) lack of teacher training and 2) need for
introductory materias in engineering and programming concepts.
This paper presented methods used by two graduate student
mentors for a FIRST Lego Leegue team in the 2002 FIRST
Robotics Competition. It is hoped that these methods will guide
future educatorsin mentoring ateamin

any robotics compdition.
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