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Abstract

The Robotics Lab at Macalester College has been used for
many of the usual pedagogical applications: to enrich an un-
dergraduate course in Artificial Intelligence, and to teach pro-
gramming and AI topics at the introductory level to both ma-
jors and non-majors. Of more interest has been its great suc-
cess in providing tools for individual and group projects, and
the exposure of students outside AI or computer science to
AI topics through activities sponsored by the lab. Many indi-
vidual projects stemming from the lab have been presented to
the larger community through department events and were re-
ceived with great enthusiasm. Extracurricular robotics com-
petitions have drawn in a wide range of students as spectators
and participants. And ties to the Neuroscience Studies pro-
gram have permitted students with primary interests in Psy-
chology or Philosophy to engage with robotics and artificial
intelligence in an effective manner.

The Robotics Lab at Macalester College has a two-fold
mission: to deepen the range of projects available for AI
students, as class assignments and individual projects, and
to use robots to introduce a wider range of students to AI
topics. The lab has been extremely successful for basic
AI robotics assignments, and for generating a great collec-
tion of individual student projects. It has been less success-
fully integrated into other areas of the AI course, due to the
high overhead for developing projects. Its greatest area of
achievement, however, has been in attracting a wide range
of students, to work with the robots. Through these non-
traditional projects, many of which have been displayed in
public venues on campus, the visibility of artificial intelli-
gence topics has been increased. As a result, interest and
enthusiasm for the Artificial Intelligence course is among
the highest of any elective in the computer science program:
students are turned away each time it is offered.

In short, the Robotics Lab has served as the focus point
for a community of students whose interest in robots is
transformed into a broader interest in Artificial Intelligence.
This community transcends the Computer Science program,
pulling in students from a broad array of backgrounds and
interests.

Much of the work done through the Robotics Lab is sim-
ilar to work at many colleges and universities. The use of
robots to enrich artificial intelligence courses has been of
great interest for a number of years (e.g., (Kumar & Meeden

1998)). Macalester uses its robotics lab as a central resource
for its AI course.

More recently, a range of articles have described the use
of robots to teach introductory computer science, including
to non-majors and novice programmers. (Goldweber et al.
2001) summarize robotics for introductory-level courses, as
well as multidisciplinary projects. (Lawhead et al. 2002)
provide detailed guidance for integrating robots into an in-
troductory programming course. (Fagin & Merkle 2003)
evaluate the impact of robotics on student learning in an in-
troductory programming course. They provide a cautionary
tale: they showed no improvement in student understand-
ing or attraction to computer science (with some mitigating
factors). (Linder et al. 2001) discuss the pedagogical bene-
fits of using robotics across the CS curriculum, and describe
modules and projects suitable for a range of CS courses. A
2-3 week module for robotics in a breadth-based introduc-
tory course has been in place for several years at Macalester.

Other avenues for robotics may provide the means to con-
nect AI topics with students beyond the CS major. Multi-
disciplinary projects are a natural fit for robotics, with the
emphasis commonly on mixing computer science and en-
gineering students (Beer, Chiel, & Drushel 1999; Goldwe-
ber et al. 2001)). Combining robotics and cognitive sci-
ence or neuroscience is less common. Extracurricular uses
for robotics and individual projects, while not uncommon,
seem less written about. Macalester’s Robotics Lab is par-
ticularly strong in encouraging individual and small group
research projects, and making ties to a related discipline,
Neuroscience Studies.

Background
Macalester College is a private, undergraduate, liberal arts
college with a strong Science Division and an excellent pro-
gram in Mathematics and Computer Science. Macalester’s
Robotics Lab contains a suite of 5-7 Handyboard controllers,
2 RCX bricks, and a broad array of Lego parts for construct-
ing robots. A narrow selection of sensors is available: light
sensors, rotational sensors, and simple touch sensors. While
additional kinds of sensors would improve the range of stu-
dent projects, time and resources for integrating their use
have not been available. In addition, the lab contains two
Pioneer 2 DX robots for more advanced student research
projects. Even for senior research projects, the Lego robots



remain a favorite platform, due to the steep learning curve
for programming the larger robots.

The robots are used in several classes, primarily the In-
troduction to Artificial Intelligence course, a junior/senior
level elective, offered once every other year. A two to three
week module on robotics and AI is occasionally a feature of
the Introduction to Computing course, a breadth-based intro-
ductory course aimed at students with little experience with
computers. This course attracts many non-majors, but also
serves as an entry into the CS major.

Outside of courses, the robot lab is used during nearly ev-
ery term (Fall, January, and Spring) for independent projects
and senior capstone projects. Several projects have crossed
disciplinary lines: students in an introductory Neuroscience
Studies course, Brain, Mind, and Behavior have used the
Robotics Lab, as have students interested in integrating dig-
ital electronics and AI. Extracurricular robotics events have
also drawn students from outside AI’s traditional student
base. Students using the Lego robots have been routinely
permitted to take the robots and Lego parts out of the Lab to
their own rooms. Thus far, no loss or damages have ensued,
and it permits the students to engage more intensely with the
robot equipment.

Experiences in the AI course
The Introduction to Artificial Intelligence course uses an
agent-based approach to AI topics. Robotics is introduced
in the first few weeks to illustrate the concept of a simple
agent and emergent behavior. Students construct and pro-
gram the Lego robots as the first course assignment. This
assignment focuses on an understanding of behavior-based
robot control, as well as serving as an object lesson in how
deceptively simple many AI problems seem. Tasks for this
assignment have included wall-following (not so trivial with
only touch sensors), obstacle detection and avoidance, and
seeking a light source.

Beyond the first assignment, most other AI topics use dif-
ferent tools, though robotics remains a theme throughout.
However, the use of the Robotics Lab continues through
semester-long student projects, which form a major por-
tion of each students’ grade in the course. Recent student
projects coming out of the AI course include:

• A student-designed Lego car, incorporating front-wheel-
drive with rack-and-pinion steering. The car was con-
trolled with an RCX brick, using NQC to write the car’s
behaviors. For the course project, the car followed a
painted road, complete with unexpected curves and turns.
The project continued as a senior capstone project, ulti-
mately including route planning and following as well.
The car recognized intersections and made correct turns
to follow a chosen route.

• A Lego robot that built an evidence grid to record its envi-
ronment . This was a sophisticated attempt to tackle maze
wandering. Getting a useful evidence grid from imperfect
Lego gears and nothing but touch sensor proved very dif-
ficult. However, the student returned to the Robotics Lab
during the summer to continue to refine his design and to
construct a reliable Lego robot.

• A Lego robot designed to emulate a Logo turtle. This
robot could raise and lower its pen, and move reliably on
a flat surface. It used a Handyboard controller and Inter-
active C, and involved AI techniques when assessing and
correcting its navigation. Ultimately, the robot was able
to draw a straight line, correcting for a broad range of dif-
ferences in power and gear slippage.

We have found that students respond with creativity and
passion to the opportunity to design their own projects, and
they often go deeper into their chosen topics than a course
assignment could make them do. The downside is that ex-
trapolating from one project to a suitable course assignment
in the future has proven difficult.

The outcomes: The presence of robots in the AI course
has helped to tie its various topics together. It has also in-
creased interest in AI, as students see their fellow majors
“playing” with robots in the public lab space.

Robotics in the Non-Majors Course
The Computer Science program offers a breadth-based in-
troductory computer science course. In the past, this course
was explicitly aimed at non-majors, currently the course is
one of several entry points into the major. The specific
content of this course vary depending on which instructor
teaches it. However, a two-three week module on robotics
and AI has been used by several instructors over the past few
years.

The AI module is designed for late in the semester, af-
ter students have spent weeks studying algorithms, computer
hardware, operating systems, and basic programming princi-
ples. The AI module ties together many topics from the ear-
lier portion of the course, and then propels students to con-
sider an array of AI topics. Students enjoy studying the hard-
ware of the Handyboard controller, with its exposed chips
and visible pins and connectors. The simple programming
language, Interactive C, reinforces their recently-acquired
programming skills. And getting the robots to behave in a
reasonable manner in complex environments introduces the
complexity of problems AI faces. The module ends with a
survey/discussion of related AI topics, including computer
vision, knowledge representation, learning, and animal ver-
sus human intelligence measures.

The outcomes: This course provides another opportunity
to “spread the word” about artificial intelligence. Many stu-
dents take the course to satisfy a distribution requirement,
but leave the course pointing to the AI module as a high-
light.

Independent Projects
Independent projects play a large role in Math/CS at
Macalester. Students may do independent projects during
Fall or Spring semesters, or during January. Independent
projects typically count for 1/4 to 1/2 of a regular course,
but can count equivalent to a regular course during fall or



spring. In addition, all seniors in Mathematics and Com-
puter Science are required to complete an independent re-
search project called the senior capstone experience. Every
year 4-6 students work in the Robotics Lab on independent
or capstone projects. All Math/CS capstone projects are pre-
sented publicly at a mini-conference event, Capstone Day, in
April. Robot projects and their related demos are a popular
attraction on that day.

Recent independent projects, capstone projects, or honors
projects include, besides the course projects listed above:

• A robot to recognize and remove balls from a grid. This
robot used the Handyboard controller with a combination
of touch sensors and light sensors to detect the presence of
a ping-pong ball, then moved it off a gridded area. Nav-
igation was done using light sensors to detect the black
grid lines. The project was completed in roughly three
weeks. The student involved had not taken the AI course,
but studied behavior-based programming and simple lo-
calization techniques.

• A robot arm that searched its space for a light source and
reached out to touch it. This project entailed a difficult
robot design task. Due to the limited strength of Lego
parts, the robot arm moved only in two dimensions, on a
table top, and had two moving joints, one at the base and
one halfway out. A set of behaviors were designed for
each joint, from which emerged an observable behavior
that searched for and approached a light source.

• A full, probabilistic evidence grid for localization, using
the Pioneer 2 DX robots. These robots, while not low-
cost, are similar in sensor types to some low-cost systems
currently on the market. This project began as a sum-
mer research project, and developed into a senior capstone
project of great depth.

• Hardware based neural network systems for robot con-
trol. Two projects are currently underway that are ex-
amining issues relating to sensor inputs, and the feasi-
bility of performing neural network training with hard-
ware systems. These projects entail collaboration with
colleagues in Physics with interests in digital electron-
ics. The Physics department also provides basic electron-
ics support (i.e., building sensors and connectors) for the
robotics equipment.

The outcomes: Individual projects have been responsible,
even more than topics in the AI course, for a broad aware-
ness of artificial intelligence, and a great depth in student
learning about AI. While individual projects span the range
of topics in AI, from machine translation to machine learn-
ing, robotics projects have been a consistent strength. The
presentation of such projects in a public venue, the Capstone
Day event, has generated a self-perpetuating stream of stu-
dents to Robotics Lab to do projects. Many of these students
have not taken the AI course, but learn a great deal about AI
through the research for their projects.

Robot Competitions
In the Spring of 2001 and again in 2002, Macalester hosted a
“Robot Competition” for teams of students from Macalester
and other small colleges in the area. (In Spring 2003, the
event occurred at a different college due to faculty sabbat-
ical.) Each year a specific task has been publicized early
in the Spring term; students were given roughly one to
two months to work on their robots (in their spare time).
All teams assembled on “Robot Day” to demonstrate their
robotic solutions. The competition area was deliberately
placed in the large public atrium of the science building, and
the event was widely publicized on campus. The goal of the
event was to bring people together to talk about robotics and
AI, and for students to demonstrate their knowledge pub-
licly.

Tasks for the robot competition evolved from navigating
on a grid filled with obstacles, to detecting and removing
ping-pong balls from the grid. The teams included students
who were not CS majors, much less AI students. The range
of both robot physical design and algorithmic techniques
was impressive each year. During each team’s runs, team
members would explain to the audience what their physical
and algorithmic designs were intended to do, giving relevant
AI concepts where pertinent.

The outcomes: This event has drawn a great deal of in-
terest from students outside the Math and CS department.
The participants have almost always had some programming
experience, but are frequently first or second-year students
looking for something fun to do. The audience has included
a wide range of students, faculty, and community members.
Further evolution will increase the difficulty of the robot’s
task, to encourage the implementation of higher-level AI
techniques.

Ties to Neuroscience Studies
The Neuroscience Studies program at Macalester is mod-
eled on an approach that is sometimes called “Integrative
Neuroscience:” instead of consisting almost wholly of Biol-
ogy and Psychology, it attempts to integrate other disciplines
with something to say about the Brain and Mind, including
Philosophy, Linguistics, (Applied) Mathematics, and Com-
puter Science. Students in its introductory course learn a lit-
tle bit about each discipline, and later in the program choose
a disciplinary “emphasis.” Computer science (focusing on
AI) has been a popular emphasis in recent years. The AI
course is cross-listed with Neuroscience Studies and is pop-
ular as a course major course among students who are not
emphasizing CS.

A major feature of the Brain, Mind, and Behavior course
for the Neuroscience major is a serious semester project.
The goal of the project is to design and implement a “science
museum-like” display aimed at elementary school children.
The display explains some aspect of neuroscience or related
disciplines. The project is sponsored by a national organiza-
tion called KidsJudge, in which the ability of participants to
effectively communicate science to children is of key impor-
tance. The KidsJudge event has occurred in Fall 2002 and



Fall 2003.
In Fall 2002, one group of Neuroscience students asked to

use the Robotics Lab as part of a demonstration of the dif-
ferences in sensing abilities, memory, and processing power
between humans, rats, and robots. The team programmed
Lego robots to wander a maze, using mostly behavior-based
control techniques. They compared the fairly weak sensors
(light detectors and touch sensors) with the sophisticated
senses of a rat or a human, and discussed a range of more
sophisticated AI systems with better memories and planning
algorithms. The team even provided a maze for the children
to try, complete with blurring glasses to simulate the weak
sensing abilities of a simple robot.

The project was a huge success, and was one of the most
popular exhibits at the KidsJudge event. The Neuroscience
students involved in the project included a few with pro-
gramming experience, but none with any significant AI ex-
perience. Several had no experience with computer science
or AI before completing this project.

The outcomes: This kind of interdisciplinary, collabora-
tive, public event epitomizes one of the fundamental goals
of our Robotics Lab: to expose as broad a population as pos-
sible to ideas from artificial intelligence, and to entice many
more of them into studying AI further.

In fact, during Fall 2003 a small group of Neuroscience
students engaged in a full-credit independent project study-
ing areas of AI that lie closest to Neuroscience, including
robotics, neural networks, genetic algorithms, and artificial
life.

Conclusions

Innovative uses for robots to teach the wide range of AI
topics are crucially important. Equally important, however,
may be reaching out to students who might not be aware of
AI, and encouraging them to pursue its study. Macalester’s
Robotics Lab has consistently supported students who have
limited experience or expertise in computer science or AI. It
has made opportunities available to these students to work
with its robots, and to use them to learn about AI. Due to
the difficulty of developing many varied robotics modules,
the emphasis has been on individual or small group research
projects, tailored to individual interests.

The goals have been both practical and idealistic: on the
one hand to encourage enrollments in AI-related courses
from a broad population of students, and on the other to en-
sure that the widest possible audience is aware of AI and
educated in its methods and applications.
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