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Abstract
This paper describes the use of Lego Mindstorms Robotics
Innovation Systems (“Mindstorms kits”) at Hiram College.
Hiram College is a small residential liberal arts college with
approximately 900 traditional undergraduate students and no
graduate students.  I have used the robots in a course called
the First Year Colloquium, which is a freshman non-majors
course.  I hope to use the robots in a 3-week intensive
special topics course and in my Artificial Intelligence
course, but have not yet done so.  In this paper, I describe
two instances of the first year colloquium course as well as
the constraints that are inherent in the small liberal arts
college setting.

Introduction
Four years ago, I was challenged to come up with an
innovative and exciting First Year Colloquium course, a
key course in Hiram College’s writing across the
curriculum program.  Every first year student takes a
colloquium course in the first semester of college.  The
course emphasizes critical thinking, reading, and writing at
the college level.  All courses are open to all incoming
students regardless of major, so there can be no implied
prerequisites.  As the instructor, I was free to choose any
topic that I believed would attract students, but I had to
develop my course to include substantial reading, writing
and oral presentation assignments.

Mindstorms kits were newly available to the public, and I
had heard about some of the work that was being done in
places like the Massachusetts Institute of Technology and
Case Western Reserve University (Beer et. al. 1999).  I was
fascinated by the opportunity to have my students build
and program robots.  But six kits would cost $1200!
Eventually through the generosity of a college trustee
(Allan L. Kannapell), the necessary kits were donated and I
was able to create my first colloquium, “Robots: Fantasy
and Reality”.

1999 Colloquium
Many of the robot activities in the colloquium were
adapted from the Case Western Reserve University course.
The 15 students in the class were divided into 5 groups of

three students, each with a single Mindstorms kit.  (A sixth
kit belonging to the department was used for
demonstration). Students took inventory in their first lab,
progressed through car-building and road-following
exercises, and finally built vehicles to carry out a task –
moving soft drink cans to a designated “recycling” area.
All programming was done in RoboLab.

In addition, and more importantly to Hiram, students wrote
three papers, kept a journal, and gave two oral
presentations (one individual, one group).  These additional
requirements are standard across all first year colloquia,
although the faculty member chooses the paper and
presentation topics.

Class meetings of the colloquium were quite varied.
Students attended laboratory sessions where they worked
on their robots, and lectures about topics such as sensors
and artificial intelligence.  Other classes were devoted to
discussions of students’ own writing, and of science fiction
readings and films such as I, Robot and Star Wars.  In
addition, there were exercises on paragraph organization,
proper citations, and other topics that would be found in a
Freshman Composition course.  Because the colloquium
program is a way for the college to reach all first year
students, we were also required to schedule a library
orientation session, a career services orientation session,
and time to discuss campus-wide presentations on topics
such as diversity.

Overall, the colloquium was a success.  The students were
very enthusiastic about their robots and the course as a
whole.  Although the “robot time” cut into the time allotted
for writing instruction, students did not seem to suffer in
their second semester writing courses.  While many
students in the course went on to major in the sciences, 2 in
computer science, others majored in business, education,
and even English.

I presented my experiences with this colloquium in the
AAAI Spring Symposium on Robots in Education the
following Spring (Walker 2001), and returned full of great
ideas.  Unfortunately, due to staffing limitations, it would
be four years before I was again able to offer a robotics
colloquium.



2003 Colloquium
This year, I finally taught the second edition of the robot
colloquium course.  I tried to incorporate some of what I
learned at that symposium in my new course.   In an
attempt to attract more women to the course, I changed the
title of the course from “Robots: Fantasy and Reality” to
“Robots: Our New Best Friends” and changed the images
used in the recruiting presentations from science fiction
robots like C3P0 and R2D2 to friendly and useful robots
like Aibo the dog, Asimo the humanoid robot and Roomba
the robotic vacuum cleaner.

Inspired by the 2001 symposium presentation of Turbak
and Berg’s Robotic Design Studio (2002), I also changed
the final project from a competition to an exhibition.  This
change would increase the creativity and, I hoped, attract a
wider variety of students. This year, the final project was
for each team to build a “Robot Friend” with no
requirements other than it be interactive, i.e. that it sense
and respond to the world around it in some way.  To
encourage creativity, I also revised the way in which the
Mindstorms kits are used.  There were 13 students in the
2003 course.  Six teams of 2-3 students carried out the
initial laboratory exercises through road following.  Then,
pairs of teams combined so that three teams of 4-5 students
each had two kits to use to develop their exhibition robot.
As hoped, the additional available parts will allow students
to build more complex and creative robots than would be
possible with a single kit.

Despite my attempts to make the course description and
recruiting presentation more woman-friendly, only 2 of the
13 students were women, even though the Hiram College
student body is about 55% women.  One of the women
would have been equally attracted by the 1999 course; she
was the president of her high school’s Star Trek club.  The
other woman’s background could not have been different;
on the first day of class, she proudly announced that she
had never seen any of the Star Wars movies!  Yet both of
the women excelled in the course and gave very positive
feedback at the end.

There were two difficulties with the robot exhibition.  One
was having enough time at the end of the course for the
students to design and build their robots after they had
learned the basics through guided labs.  I had hoped to give
the students two or three weeks; in fact they had closer to
one.  With everything else in the course, the robots were
introduced rather late, and students did not have as much
out-of-class time to work on them as I would have liked.

The other difficulty with regard to the final projects was in
putting together the smaller lab teams to generate the final
project teams.  By the end of the course, the teams had
developed clear “personalities” and finding three
compatible pairs was very tricky.  Still, the benefit of more

creative robots was probably worth the cost of combining
teams at the end.  Of the three teams this year, two worked
well together and the third was dominated by one of the
sub-teams.

Nevertheless, I was very satisfied with the robot exhibition.
The projects were creative:  a singing, dancing robot; a pair
of robots designated “the future of fetching,” and a light-
controlled soccer player.  The students were very
enthusiastic about their robot projects, spending quite a bit
of time outside class on development.  Two of the three
teams gelled well with full participation.  Even on the third
team, all but one student clearly contributed.  This was an
improvement from the participation in 1999, and I think it
was directly related to the fact that students chose their
own projects.  The students were proud and excited to
showcase their projects in a public exhibition, and we had a
very nice turnout.

Overall, I was very pleased with the outcome of this year’s
colloquium.  I plan to repeat it again in 2005 or 2006 using
a similar format.

Towards Courses for Majors
Current computer science majors have expressed envy of
the first-year students, and some frustration that the robot
colloquium was not available their year.  Meanwhile, I am
frustrated at how little robotics can be included within the
constraints of the first-year colloquium program.
Therefore, I have begun considering creating a robots
course for students with programming experience.  In our
curriculum, the only place for such a course would be in an
intensive 3-week term.  The course would use the same
Lego robots, and would include both design and
programming in a high-level language (e.g. Not Quite C or
a Lego Java language).  I am very impressed with Robin
Murphy’s textbook (2000) as a possible textbook for the
course.  However, I am at the very beginning stages of
course design.  I hope that the symposium will provide me
with good ideas and discussions that can help in the design
of my new course.

Although I teach the Artificial Intelligence course, I have
not yet included the robots into the syllabus.  This is due to
lack of time, an issue that I will discuss further in the
constraints section of this paper.  I have offered the robots
to students who are doing independent projects.  One
undergraduate accepted the challenge in 2000 and built a
pair of robots that played tag with each other.

Constraints
All course development must fit within constraints that are
common to most small colleges.  The first constraint is
cost. In my college, there is no departmental software and
hardware budget.  Without an external donation, using



robots would have been out of the question.  Expenses such
as batteries are covered personally, or occasionally through
the Dean’s office budget. Hence, the robots that I now have
need to last a long time, and I can’t realistically consider
moving to another platform without external funding.
Unfortunately, the cost issue affects upgrades as well.   It is
unlikely that I will be able to maintain a state-of-the-art
setup for long.  In fact, we had some difficulty in 2003
because I was unable to find the budget to upgrade to the
latest version of RoboLAB.  We also have one motor and
one brick that no longer fully work.

Time is another important constraint.  The faculty teaching
load at Hiram College is light compared to many schools of
our size (22-24 hours).  However, because we offer a large
number of courses with a small department (4), most
courses are taught only every two to three years. The last
two instances of AI, for example, were Spring 2000 and
Spring 2003.  This means that even though the number of
preparations per semester is quite reasonable, the number
of preparations over two or three years is much higher than
at larger schools.  Also, by the third time a course is taught,
the field has progressed six or more years, requiring
significant modifications, new topics, or even a complete
reorganization of the course.

Small college professors cannot afford to be specialists.
Last year, while teaching AI, I was also teaching
Networking for the first time in seven years.  Because of
my familiarity with AI, it took a distant second place in
preparation time to the Networking course.  I was unable to
make major changes, such as those required to incorporate
robots this semester. To take advantage of the robots in AI,
I will need to devote at least a summer, or, better yet, make
small changes to well-developed and tested materials that I
can use with my current Lego Mindstorms Robots.

A related constraint is staffing.  The professor is solely
responsible for the course, the laboratory, the software and
the hardware.  With no graduate students, there are no
graduate TA’s, nor are graduate research students with
robotics experience available to help out informally in the
lab.  Even undergraduate TA’s are hard to come by for our
upper-division courses.  Usually, by the time a course is
offered again, everyone who has taken it before has
graduated.  So the professor is responsible for all grading,
outside help, laboratory and computer supervision for her
own courses.  While the students in our computer center
have been very helpful, it is not their job to help out with
specialized course-related software and hardware.

Even space is a constraint.  I am fortunate in that my
department has one locked closet where robots can be kept
when they are not being used.  Our department has one
computer classroom, which is very heavily scheduled.  My
colloquium meets in this room for lab time as well as
lecture and discussion.  Students do not have the option of
remaining in the lab beyond the scheduled time.  To enable

the students to work outside of class, each team keeps its
own robot kit and brings it to class for labs.  All props,
such as the robot recycling course, need to be small enough
and sufficiently portable so that they can be moved to the
closet at the end of each class period (or send them home
with the students, as appropriate).

Conclusion
In working with my first year colloquia, I have been
fortunate in that I received a grant to get the robots, and the
colloquium program has a small budget for outside
activities that I have been able to tap for small maintenance
expenses.  I have been able to do some development in the
summers, and to take advantage of materials that were
provided on the web, such as Fred Martin’s paper (1996),
and in the box (the Lego and RoboLab manuals).
Colleagues in my building have been very tolerant of
students and their robots wandering the halls; some of the
other faculty have expressed interest in the program
themselves.  Overall, I would deem the use of robots in the
colloquium program to have been successful the first time,
and all indicators show that the second iteration is going
well also.  Students are very enthusiastic about their robots,
and they seem to be enjoying the course as a whole.  I will
have more objective results by the time of the conference.

After attending this symposium, I hope to return with ideas
of ways that I can integrate robots into my upper-division
courses within my constraints, perhaps in smaller ways.  I
would like to participate in discussions of low-cost but
effective ways to use robots and perhaps help to spur
further development and “packaging” of current ideas.  I
would like to learn about relatively small-scale funding
opportunities that can help me keep my tools current.
Finally, I would like to make contact with experts and with
others in situations similar to my own.
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