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1 Pro ject Summary

There is a gro wing consensus among computer science facult y that it is quite di�cult to teac h

the in tro ductory course to Arti�cial In telligence w ell. This is b ecause AI lac ks a uni�ed

metho dology , it o v erlaps with man y other disciplines, and in v olv es a wide range of skills

from v ery applied to quite formal. This prop osal addresses these problems b y (1) o�ering

a unifying theme that dra ws together the disparate topics of AI; (2) fo cusing the course

syllabus on the role AI pla ys in the core computer science curriculum; and (3) motiv ating

the studen ts to learn b y using concrete, hands-on lab oratory exercises. The prop osed theme

is to conceiv e of eac h topic in AI (suc h as searc h, planning, learning, vision) as a rob otics

task and then to ha v e the studen ts build their o wn rob ots and program them to accomplish

the tasks. By constructing a ph ysical en tit y in conjunction with the co de to con trol it, the

studen ts ha v e a unique opp ortunit y to directly tac kle man y cen tral issues of computer science

including the in teraction b et w een hardw are and soft w are, space complexit y in terms of the

memory limitations of the rob ot's con troller, and time complexit y in terms of the sp eed of

the rob ot's action decisions. More imp ortan tly , the rob ot theme pro vides a strong incen tiv e

to w ards learning b ecause studen ts w an t to see their in v en tions succeed.

The goal of this prop osal is to equip t w o iden tical rob otics lab oratories for teac hing AI,

one at Sw arthmore College and one at Bryn Ma wr College. Eac h lab oratory will con tain

a collection of rob ot building stations as w ell as one sophisticated o�-the-shelf rob ot to

demonstrate more adv anced topics to the studen ts. The deliv erable for this pro ject will

b e a lab oratory man ual that is closely in tegrated with a semester long AI course syllabus.

The man ual will b e dev elop ed collab orativ ely and tested separately at the participating in-

stitutions. The o v erall e�ectiv eness of this pro ject will b e determined b y studen t feedbac k

and p erformance. The pro ject results will b e disseminated through a v ariet y of c hannels:

a SIGAR T column on AI Education, sp ecial conference trac ks on AI Education, summer

training w orkshops for AI educators, and through w orld wid w eb rep ositories on AI. This

prop osal o�ers a remedy for the di�culties facing AI educators b y o�ering a cohesiv e frame-

w ork for the presen tation of the material that emphasizes AI's relationship with computer

science and motiv ates the studen ts to learn.
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2 Results from Prior NSF Supp ort

The principal in v estigator and the co-principal in v estigator ha v e had no prior supp ort p er-

taining to undergraduate education.
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3 Narrativ e

3.1 The Presen t situation

This prop osal in v olv es a collab orativ e initiativ e among t w o undergraduate institutions|

Sw arthmore College and Bryn Ma wr College. It also indirectly impacts undergraduate ed-

ucation at a third institution, Ha v erford College. All three colleges are lo cated in close

pro ximit y and are part of a tri-college consortium. The prop osal is a request for equipmen t

to enhance the teac hing of the undergraduate Arti�cial In telligence course at the participat-

ing institutions.

F ounded b y the Religious So ciet y of F riends in 1864, Sw arthmore College is a small lib-

eral arts college of ab out 1,300 studen ts whic h o�ers the Bac helor of Arts degree to studen ts

in the Humanities, the So cial Sciences and the Natural Sciences, and the Bac helor of Science

degree to studen ts in Engineering. Sw arthmore has a demonstrated record of educational

excellence and is recognized as one of the top lib eral arts institutions in the nation. The

facult y of 157 is 69% ten ured and the studen t-facult y ratio is 8.5 to 1. The sciences ha v e

a distinctiv e pro�le at Sw arthmore. The College seeks to pro vide its undergraduates with

extensiv e lab oratory exp erience, with emphasis on original facult y researc h pro jects that

include studen ts at ev ery lev el of the science curriculum. As a result, Sw arthmore studen ts

are dra wn in to the science pip eline in n um b ers disprop ortionately high when compared to

the nation's colleges and researc h univ ersities. This y ear, 41% of the studen ts in the junior

and senior classes are ma joring in science or engineering, and the class of 1995 sho w ed a 17%

increase in science graduates o v er the previous y ear. F ort y p ercen t of recen t science gradu-

ates en tered graduate sc ho ol in the sciences, 20% pursued medical degrees, 30% to ok related

p ositions in industry , researc h or education, and only 10% pursued education and emplo y-

men t opp ortunities unrelated to their baccalaureate ma jors. Of the studen ts who receiv e

degrees from the Computer Science Program, 50% pursue graduate programs, primarily in

Computer Science, Engineering, Mathematics, or Psyc hology .

The Computer Science Program at Sw arthmore places a strong emphasis on the theo-

retical foundations of computing as w ell as giving studen ts man y opp ortunities for hands-on
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exp eriences with the new est soft w are and hardw are. Comp osed of t w o full-time facult y and

one half-time facult y (shared with the Engineering Departmen t), the ten-y ear old Computer

Science Program o�ers ma jors, concen trations, and honors. In a t ypical y ear, t w o to �v e

studen ts graduate with a ma jor from the Program, and three to eigh t graduate with a con-

cen tration in the Program. Roughly 180 studen ts are serv ed in the Program's courses p er

y ear. The College has sev eral instructional MacIn tosh lab oratories that are used for teac h-

ing the departmen t's in tro ductory courses, while the departmen t has one studen t lab oratory

con taining Sun w orkstations and one facult y lab oratory for rob otics researc h.

The curriculum in the �rst t w o y ears of the ma jor consists of small classes (less than 25

studen ts) co v ering the fundamen tals of computer science. Tw o of these in tro ductory courses

are taugh t completely in a closed lab oratory setting. During eac h class meeting studen ts

listen to a brief lecture on a new topic and then sp end the remaining class time implemen t-

ing the ideas for themselv es. W e ha v e found that this hands-on approac h has giv en the

studen ts a m uc h �rmer understanding of the k ey concepts than a more traditional lecture

format did. The goal of this prop osal is to allo w the Program to expand this successful

studen t-cen tered framew ork to the Arti�cial In telligence course b y equipping a rob otics lab-

oratory . The Computer Science Program at Sw arthmore College has a successful tradition

of o�ering lab oratory-based courses that w ould b e signi�can tly enhanced b y the addition of

an undergraduate rob otics lab oratory .

F ounded in 1885, Bryn Ma wr College is w ell-kno wn for the excellence of its academic

programs. Bryn Ma wr com bines a distinguished undergraduate college for ab out 1200 w omen

with t w o nationally-rank ed, co educational graduate sc ho ols (Arts and Sciences, and So cial

W ork and So cial researc h) with ab out 600 studen ts. As a w omen's college, Bryn Ma wr has

a longstanding and in trinsic commitmen t to prepare individuals to succeed in professional

�elds in whic h they ha v e b een historically underrepresen ted.

A t Bryn Ma wr, computer science is a new and ev olving program. The Co-PI started

his career in F all 1993 in the Departmen t of Mathematics to dev elop a new curriculum

in computer science in co op eration with Ha v erford College, a small co educational lib eral

arts college with close ties to Bryn Ma wr College. Curren tly , the com bined t w o-college

program is at the lev el of three and one-third full-time equiv alen t facult y . The Bryn Ma wr{
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Ha v erford computer science program o�ers a minor and a concen tration in computer science

for studen ts ma joring in any program o�ered b y the college. Additionally , it also o�ers the

opp ortunit y for studen ts to design an indep enden t ma jor in computer science. The design

of the ev olving program is based on the recommendations included in the A CM/IEEE Join t

Computer Science Curriculum as w ell as some of the later dev elopmen ts [18, 8]. Bet w een the

t w o colleges, the course o�ering sc hedule is tigh tly co ordinated to accommo date a complete

co v erage of the core computer science courses as w ell as sev eral upp er-lev el electiv e courses.

Eac h y ear, appro ximately 200-250 studen ts enroll in v arious computer science courses o�ered

at Bryn Ma wr and Ha v erford.

The prop osed lab oratory is directed primarily at upp er-lev el undergraduates taking the

course, Arti�cial In telligence (CS 372 at Bryn Ma wr, CS 63 at Sw arthmore) and the course

Building In telligen t Rob ots (CS 91 at Sw arthmore). The organization and needs of the

targeted courses are describ ed b elo w.

Building In telligen t Rob ots (CS 91 at Sw arthmore): This course is b eing taugh t

for the �rst time in the curren t semester. Tw en t y-�v e studen ts w an ted to tak e the course, but

enrollmen t w as capp ed at 15 b ecause of equipmen t restrictions. There w ere no prerequisites;

consequen tly the studen ts came from a wide v ariet y of disciplines including computer science,

economics, engineering, English, mathematics, psyc hology , and religion. Throughout the

course as the studen ts learn ab out rob ot con trol tec hniques they implemen t them directly

on their o wn rob ots whic h they constructed from scratc h. The studen ts used the materials

in the PI's small rob otics researc h lab oratory . Studen ts had to w ork in teams of three or four

while sharing only t w o PCs for the en tire class of 15. Despite the studen ts' frustrations with

ha ving to share equipmen t, they w ere extremely p ositiv e ab out their o v erall exp erience in

the course as is eviden t from these commen ts tak en from their midterm course ev aluations:

� Y ou learn so m uc h more when y ou actually ha v e to put theory in to practice with y our

o wn hands.

� W e get to learn ho w to actually do something as opp osed to learning ab out ho w it

w orks.

� Being able to design completely from scratc h has b een extremely helpful.

3



� Although reading ab out things is in teresting, actually ha ving to apply what w e'v e

learned increases our reten tion rate tremendously . In addition, its m uc h more in v olv ed

to ha v e to actually deal with the ph ysical problems (lik e carp ets!). Kno wing theory is

nice, but it just do esn't b eat a go o d, solid w orking kno wledge built up on exp erience.

Arti�cial In telligence (CS 63 at Sw arthmore): This course has b een taugh t as

part of the Computer Science Program since its inception. There is curren tly no limit on

enrollmen t and there are t ypically 15 studen ts in the course. The course has t w o prerequisites:

the �rst programming course for ma jors done in Sc heme, and a Data Structures course. The

exp erience in Sc heme prepares the studen ts for the extensiv e lab oratory w ork required in

Common Lisp. The unifying theme of the course is agents |en tities that p erceiv e and act.

Using this theme AI is seen as the study and construction of rational agen ts who can reason,

comm unicate, and learn. Curren tly b ecause of the limited amoun t of rob otics equipmen t,

the studen ts fo cus primarily on simulate d agents rather than physic al r ob ots .

Arti�cial In telligence (CS 372 at Bryn Ma wr): This course w as designed b y the

Co-PI (Kumar) and w as added to the curriculum in 1994. In its initial o�ering the course

had an enrollmen t of 15 studen ts (whic h w as the listed capacit y) 9 of whic h w ere from Bryn

Ma wr and the remaining 6 from Ha v erford. The course has a prerequisite, Programming

P aradigms (CS 246), that prepares studen ts for programming in Common Lisp and Pro-

log [8]. The course is pro ject-orien ted: 50% of the grade in the course is based on lab oratory

programming assignmen ts in v olving v arious topics lik e searc h, game pla ying, natural lan-

guage understanding, exp ert systems, and seman tic net w ork-based kno wledge represen tation

and reasoning. Has not had a unifying theme to dra w topics together.

All three institutions (Sw arthmore, Bryn Ma wr, Ha v erford) strongly b eliev e in promoting

undergraduate researc h. Emphasis is placed on in v olving undergraduate studen ts in researc h

through the college's summer researc h programs as w ell as other nation-wide programs lik e

the NSF Researc h Exp eriences for Undergraduates program, and the CRA Distributed Men-

tor pro ject. Exceptionally talen ted studen ts are encouraged to participate in the Honors

Programs (a senior-y ear researc h pro ject culminating in an Honor's Thesis). Both the PI

and Co-PI are curren tly in v olv ed with rob otics-based researc h in another collab orativ e e�ort

4



in v olving the dev elopmen t of h ybrid AI arc hitectures that are comprised of a higher-lev el,

sym b olic reasoning, planning and acting system coupled with a lo w er-lev el, neural-net w ork

based learning and reactiv e system driving a small rob ot. The curren t prop osal w ould facil-

itate a signi�can t transition of bringing researc h directly in to the classro om as w ell as add

an exciting new dimension to the researc h p ossibilities o�ered to studen ts in the tri-college

comm unities.

3.2 Dev elopmen t plan

The plan is to in tegrate the construction of ph ysical rob ots b eha ving as em b edded agen ts

in to the lab oratory comp onen t of the in tro ductory AI courses. W e in tend to accomplish

this in three stages: (1) T o acquire rob ot building kits, computers, and rob ot programming

en vironmen ts (soft w are), (2) T o exp erimen t with the kits in order to dev elop lab oratory

exercises in tegrated with the AI course. This will result in the preparation of a lab oratory

man ual for use in the course. (The exercises used in the Building In telligen t Rob ots course

will serv e as a starting p oin t.) (3) T o in tegrate the dev elop ed lab oratory in to the teac hing

of AI (CS 63 at Sw arthmore and CS 372 at Bryn Ma wr). The ma jor purp ose of in tro ducing

rob ot-based lab oratory exercises is to emphasize the role of AI as a study of adv anced algo-

rithms, to in tro duce a new and exciting approac h to w ards the teac hing of AI, and to pro vide

a hands-on 
a v or of building real-w orld ph ysical agen ts. By its v ery nature, the prop osal

in v olv es the in tegration of in telligen t systems, hardw are in terfacing, the ph ysical em b o di-

men t of algorithms, and their ev aluation. The lab oratory will also b e utilized to encourage

undergraduate studen ts to pursue honors theses and undergraduate researc h dealing with

building ph ysical agen ts.

3.2.1 A New Direction for the T eac hing of AI

It has recen tly b een ac kno wledged that in tro ductory Arti�cial In telligence is a di�cult course

to teac h w ell [4, 7]. Sev eral issues con tribute to this predicamen t: breadth vs depth; formalist

vs applied; the old and traditional vs the new and inno v ativ e; the roles philosoph y , cognitiv e

science, linguistics, and psyc hology should pla y; and so on [17 ]. Our approac h to the design
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of the syllabus of our in tro ductory AI course is based on a balance b et w een three issues: (1)

the role AI pla ys in the core computer science curriculum as a study of adv anced algorithms;

(2) the incorp oration of only the most imp ortan t ideas from the traditional AI syllabi; and

(3) an agen t-cen tric unifying theme for the disparate topics that mak e up the discipline.

The �rst issue iden ti�es the need for placing AI in the con text of a study of adv anced al-

gorithms. In this p ersp ectiv e, the algorithms presen ted con tribute to enhancing the skill and

o v erall in terest in the �eld of computer science. F or instance, one can compare compilation

tec hniques with algorithms to natural language parsing, and one can relate logical reasoning

to pattern matc hing and searc h. The second issue addresses an imp ortan t pitfall in the design

of an AI course syllabus: the need to iden tify and eliminate concepts traditionally co v ered in

older o�erings that are either no longer relev an t or are incorp orated in other core computer

science courses. Tw o suc h examples are: the co v erage of basic graph searc hing tec hniques;

and the teac hing of Lisp/Prolog. The A CM-IEEE curriculum recommends the co v erage of

basic graph searc hing tec hniques in the second in tro ductory computer science course as w ell

as in one of the discrete mathematics courses. The teac hing of Lisp/Prolog, traditionally rel-

egated to the in tro ductory AI course is no w co v ered in the core computer science curriculum

in either the in tro ductory course itself, or as a part of the programming language concepts

course, or in a separate course on programming paradigms. A t Sw arthmore College, studen ts

learn Sc heme (a deriv ativ e of Lisp) in CS 20 the �rst serious in tro duction to programming

and use it again in the programming language course CS 43. Bryn Ma wr College o�ers a

separate, sophomore-lev el, course titled, Programming P aradigms (CS 246), that in tro duces

Lisp and Prolog. In fact, this course forms a pre-requisite for the AI course [8]. Consequen tly ,

our AI course do es not need to dw ell on teac hing the Lisp language, but can fo cus on the

fundamen tal questions of AI itself. The third issue is in reaction to the misconception that

AI is a collection of unrelated sub�elds whic h arises when an AI course is presen ted from

the historical p ersp ectiv e (as is adopted b y most AI text b o oks [1]). W e as educators m ust

emphasize the �eld's common problems and standard tec hniques for attac king them. The

agen t approac h enables all the comp onen ts of in telligence to b e gathered together to w ard a

uni�ed goal: building a rational, comp eten t agen t.
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3.2.2 An Emb e dde d Agen t-Cen tric Approac h

The agen t-cen tric approac h is based on a study of agen ts ha ving v arying lev els of capabili-

ties [14]. The syllabus is cen tered around the idea of constructing en vironmen ts with agen t

programs running in them. All concepts are studied in this con text. It pro vides a natural

link to the lab oratory exercises as w ell as giving the studen t a feeling of accomplishmen t|

the agen ts they design actually do something. It also facilitates a criteria for measuring

the success and failure of the agen t and thereb y the underlying algorithms and tec hnology .

Curren tly , there is only one recen t text that tak es this approac h [15]. The text pro vides

simple implemen tations of some of the standard to ols as w ell as a host of small utilities to

enhance exp erimen tation and understanding. This prop osal is to extend this approac h one

step further to an emb e dde d agen t-cen tered approac h. The prop osed approac h in v olv es the

actual ph ysical construction of agen ts that are em b edded in the real w orld as opp osed to

b eing part of a sim ulated en vironmen t.

The em b edded approac h shifts the fo cus of building agen ts from a sim ulated en vironmen t

to a more realistic ph ysical em b o dimen t of agen ts in the form of rob ots. This adds a dimen-

sion of complexit y as w ell as excitemen t to the lab oratory comp onen t of the AI course. The

complexit y has to do with additional demands of learning rob ot building tec hniques. A t the

same time, it also leads the studen ts to an imp ortan t conclusion ab out scalabilit y: the real

w orld is v ery di�eren t from a sim ulated w orld, whic h has b een a long standing criticism of

man y w ell-kno wn AI tec hniques. The complexit y of rob ot building is easily o v ercome these

da ys b y the in tro duction of kits that are easy to assem ble. Additionally , they are ligh t w eigh t,

inexp ensiv e to main tain, programmable through the standard in terfaces pro vided on most

p ersonal computers, and y et, o�er su�cien t extensibilit y to create and exp erimen t with a

wide range of agen t b eha viors.

The goal of the prop osed pro ject is to in tro duce the em b edded, agen t-cen tric approac h

in the in tro ductory AI course at b oth colleges. The lab oratory for the course w ould b e

conducted in close d , sup ervised, sessions. Studen ts w ould engage in constructing sev eral

ph ysical agen ts exhibiting simple to more complex b eha viors as the semester progresses.

Suc h an approac h has also b een called evolutionary arti�cial intel ligenc e [12 ].
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3.2.3 Useful Side E�ects

The prop osal in tensi�es the role that an AI course can pla y in the o v erall computer science

curriculum in sev eral imp ortan t w a ys. T ypical undergraduate computer science curricula

fo cus mostly on the dev elopmen t and analysis of algorithms. Th us, indirectly , the emphasis

is on soft w are dev elopmen t. This creates a v oid in that the studen ts ma y nev er exp eri-

ence the underlying hardw are of the computers they utilize. Studen ts are required to tak e

a core course on computer organization and p erhaps an electiv e on computer arc hitecture.

Ho w ev er, ev en in these courses, there is minimal exp osure to actual ph ysical hardw are com-

p onen ts. Construction of ph ysical agen ts in trinsically in v olv es the handling of con troller

b oards (micro computers in themselv es), in terfacing of sensors to these b oards, and, more

imp ortan tly , dealing with the ph ysical connection b et w een a computer and the con troller

b oard (via a serial p ort). Dev eloping soft w are to con trol the b eha vior of ph ysical rob ots also

in v olv es w orking under constrained resources (esp ecially with resp ect to sp eed and mem-

ory) imp osed b y the rob ot con trol b oard. This pro vides a direct exp osure to the time as

w ell as the space complexit y of algorithms. Y et another link that can b e emphasized via

the lab oratory exercises is that b et w een the algorithms em b o died in the agen ts and their

equiv alence as a whole to an automaton. Additionally , the programming of simple b eha viors

is essen tially no di�eren t than the programming of simple problems as studied b y studen ts

in in tro ductory computer science courses. W e in tend to explore the use of simple rob ots in

enhancing the p edagogy of these other courses.

3.2.4 P oten tial Bey ond the Curren t Scop e

W e ha v e designed the dev elopmen t plan so that our exp eriences can b e easily duplicated at

other institutions. W e will restrict ourselv es to the use of standard equipmen t, in terfaces,

and soft w are that is freely a v ailable. The k ey outcome of this pro ject is exp ected to b e

a lab oratory man ual whic h is sp eci�cally tailored to w ards the use of rob otic agen ts in the

con text of an AI course at an undergraduate lev el. This is not unlik e similar lab oratory

man uals no w a v ailable for sev eral in tro ductory computer science courses. While the need

for dev elopmen t of closed lab oratory materials for in tro ductory courses has b een iden ti�ed,
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to our kno wledge, similar material is not a v ailable for upp er-lev el computer science courses.

It is exp ected that this pro ject will help remedy this. The resulting lab oratory and an y

asso ciated materials will b e made publicly a v ailable to facult y mem b ers at other institutions

(See Section 3.5, Dissemination and Ev aluation).

3.3 Equipmen t

The goal of this prop osal is to equip t w o iden tical rob otics lab oratories for teac hing AI, one

at Sw arthmore and one at Bryn Ma wr. T o this end there are three t yp es of equipmen t b eing

requested: rob ot building kits, computers for programming the rob ots, and a more complex

o�-the-shelf rob ot to demonstrate higher-lev el b eha viors.

Through the exp erience gained b y the PI in teac hing CS 91, the Building In telligen t

Rob ots course, the optimal team size for constructing rob ots seems to b e t w o or three

studen ts. Since upp er-lev el computer science classes at Sw arthmore and Bryn Ma wr t ypically

ha v e less than 20 studen ts, the prop osal calls for nine rob ot building stations (i.e. a kit and

a computer) in eac h institution's lab oratory . With nine stations eac h, w e will b e able to

accomo date 18 studen ts w orking in pairs, and ha v e ro om for up to 27 studen ts w orking in

threes. This should b e ample space for quite some time. Note that an extra rob ot kit has

b een requested for eac h institution for the PI and Co-PI's use in demonstrating tec hniques

to the studen ts, bringing the total n um b er kits requested to 20.

The Lego rob ot building kits ha v e b een w ell tested b y the PI in her researc h lab oratory

as w ell as b y the studen ts in the curren t CS 91 course. These kits are inexp ensiv e, extensible,

in�nitely adaptable, and most imp ortan tly are v ery accessible to the studen ts. Kits of this

kind ha v e also b een used for the last �v e y ears at MIT for its extrememely p opular Rob ot

Design Comp etition [2 ], conceiv ed as a w a y to get engineering studen ts excited ab out a

design pro ject. There are sev eral options for whic h con troller b oard to include in the kit;

from simplest to most complex they are the Mini b oard, the Handy b oard, and the 6.270

b oard (all designed b y the MIT instructors of the design comp etition). F or the CS 91 course

w e ha v e used the Mini b oard [10 ] whic h is easy for the studen ts to master, but has a v ery

limited 2K of program memory . The Mini b oard can b e tethered to a computer, allo wing
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the program to reside o�-b oard and th us side stepping the memory limitations. The Handy

b oard [9] is the new est con troller, and it incorp orates most of the more adv anced features

of the 6.270 b oard, suc h as a larger memory and an on-b oard battery , but in a m uc h more

compact and simpli�ed form. Since the Handy b oard has more features than the Mini b oard

and is appro ximately the same price w e ha v e c hosen to include the Handy b oard as the

con troller in the rob ot building kits.

The programming en vironmen t for the con trol b oards can run on either DOS or Unix

platforms. Since lo w-end DOS mac hines are more a�ordable w e ha v e requested nine P en tium-

based p ersonal computers for eac h insititution's lab oratory , with one of these b eing a laptop.

Ha ving a laptop will enable us to o ccaisionally tak e our rob ots out of the lab oratory and

in to other kinds of real-w orld en vironmen ts, in addition it is necessary for the �nal request

describ ed b elo w.

With these nine rob ot building stations, consisting of a Lego building kit complete with

sensors, motors, and con troller and a dedicated computer for writing, testing, and debugging

their programs, studen ts taking the Arti�cial In telligence class will b e able to build a simple

but complete rob ot from start to �nish. Muc h insigh t in to ho w in telligen t b eha vior is created

can b e gained b y this endea v or.

Y et, there will b e a n um b er higher-lev el planning b eha viors that will b e b ey ond the

capabilities of these simple rob ots. F or this reason, w e ha v e also requested one of the most

a�ordable o� the shelf rob ots, the Pioneer 1 from Activ e Media, whic h is equipp ed with

a bank of sonar sensors for mapping the en vironmen t and can b e equipp ed with a gripp er

attac hmen t. This rob ot is able to carry a pa yload of 10 lbs, allo wing a laptop to b e placed

directly on b oard. With this more sophisticated rob ot, w e can demonstrate the full range

of Arti�cial In telligence agen t capabilities as w ell as pro vide a platform for more adv anced

studen t researc h. In recen t y ears at eac h meeting of the American Asso ciation of Arti�cial

In telligence there has b een a rob ot comp etition [13, 16 ] where teams of studen ts sp end

sev eral mon ths preparing con trol programs for a v ariet y of tasks. The Pioneer 1 w ould giv e

Sw arthmore and Bryn Ma wr studen ts the opp ortunit y to en ter these kinds of comp etitions

for the �rst time.
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3.4 F acult y exp ertise

The PI (Meeden) has taugh t a course titled, Building In telligen t Rob ots (CS 91) at Sw arth-

more College whic h serv ed as a testb ed for the kinds of equipmen t that ha v e b een requested.

The PI's researc h in terests include using mac hine learning tec hniques suc h as genetic algo-

rithms, neural net w orks, and reinforcemen t learning to adapt the con trol programs of ph ysical

rob ots. The PI's dissertation [11 ] describ ed a series of learning exp erimen ts with a rob ot

called Carb ot aimed to b etter understand ho w planning abilities could dev elop from suc-

cessful reactiv e b eha viors. The PI is co-c hairing the in ternational w orkshop R OBOLEARN-

96 [5], in asso ciation with FLAIRS-96, on learning for autonomous rob ots. The PI w as

a lecturer on the topic of teac hing mac hine learning metho ds in the NSF sp onsored Sum-

mer F acult y Enhancemen t W orkshop on T eac hing Undergraduate AI held in the summer

of 1995. The PI has submitted the pap er, Inte gr ating R ob ot Building into the Under gr ad-

uate Computer Scienc e Curriculum , to the sp ecial trac k on AI Education at the up coming

FLAIRS-96.

The Co-PI (Kumar) w as a participan t in the summer 1994 NSF sp onsored Summer F ac-

ult y Enhancemen t W orkshop on T eac hing Undergraduate AI. In summer 1995, the Co-PI

w as a lecturer and a host of the same w orkshop. The Co-PI has also presen ted a pap er at

the only American Asso ciation of Arti�cial In telligence (AAAI) sp onsored Symp osium on

Impro ving the Instruction of In tro ductory AI courses held in New Orleans in F all 1994. The

Co-PI w as subsequen tly nominated to A CM SIGAR T's editorial b oard for featuring articles

related to the teac hing of AI. Since then, the Co-PI has edited a sp ecial issue of the SIGAR T

Bulletin on AI Education, and featured other writings on the same topic in the SIGAR T

Bulletin. He will con tin ue to b e the column editor for SIGAR T for the duration of the pro-

p osed pro ject. The Co-PI is also the co ordinator of a Sp ecial T rac k on AI Education at the

Florida AI Researc h Symp osium to b e held in Ma y 1996. As men tioned earlier, the Co-PI is

also activ ely in v olv ed in researc h in AI in the areas of BDI arc hitectures, kno wledge repre-

sen tation, reasoning, sharing, planning, and acting. The Co-PI w as also recen tly nominated

to the program committee of the 1996 conference on principles of Kno wledge Represen tation

and Reasoning (KR '96).
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3.5 Dissemination and Ev aluation

The o v erall e�ectiv eness of this pro ject will b e determined b y the successful in tegration of

rob ot building in to the lab oratory comp onen t of the t w o courses on Arti�cial In telligence.

W e will pro duce a lab oratory man ual describing tec hniques for assem bling rob ots and using

them in v arious assignmen ts. W e will base the ev aluation on (1) the studen ts' feedbac k, (2)

the studen ts' p erformance on examination questions directed at lab oratory assignmen ts, and

(3) the e�ect of in tro ducing rob ots in to our undergraduate researc h program. The plan for

disseminating the results of this pro ject are via sev eral c hannels sho wn b elo w.

SIGAR T Column: As men tioned earlier, the Co-PI is a con tributing editor on the topic

of AI Education for the A CM SIGAR T Bulletin. Ongoing results will b e rep orted regularly

through this medium.

Conferences: The Co-PI is also activ ely in v olv ed with the organization of trac ks and sym-

p osia on the topic of AI Education. All results will also b e disseminated through these

meetings. W e will also mak e similar e�orts to submit results to A CM SIGCSE conferences.

Summer T raining W orkshops: Both the PI and Co-PI ha v e participated in summer

facult y enhancemen t w orkshops on teac hing undergraduate AI. Both will also con tin ue to

lecture in the future o�erings of the w orkshops (as long as the pro ject at T emple is activ e).

These will form a natural platform for pro viding results from our pro ject.

WWW: Both sc ho ols ha v e w orld-wide w eb (WWW) serv ers that pro vide information on

educational as w ell as researc h activities. Eac h course in session is conducted through a

\dynamic class handout" on the WWW whic h is used b y all studen ts enrolled in the course.

This information is also accessible to the in ternet comm unit y at large. Up to date informa-

tion ab out the pro ject w ould b e a v ailable online through this medium.

AI Rep ositories: Curren tly T emple Univ ersit y main tains an extensiv e WWW rep ository

of p edagogical information related to the teac hing of undergraduate AI [3, 6]. Our materials

will also b e accessible through this rep ository . Also, under dev elopmen t is a similar rep osi-

tory of educational materials on the WWW serv er at AAAI. W e will include the results of

our pro ject there as w ell.
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4 App endices

4.1 Ma jor equipmen t

4.1.1 Ma jor Equipmen t at Sw arthmore College

The Computer Science Program holds the follo wing equipmen t whic h is a v ailable for under-

graduate use:

� A Sun-based lab oratory comprised of sev en Sun ELCs upgraded from Sun Sparc 3's

on 6/17/92 for a cost of $15,200 and one Sun Sparc 4 purc hased on 6/18/95 for $4520.

This lab oratory is reserv ed for studen ts taking upp er-lev el computer science courses.

� A PC-based rob otics researc h lab oratory con taining t w o NCI 386 D X/40 mac hines

purc hased on 2/23/95 for $2056. In addition, there is the follo wing equipmen t: 5 Mini

b oard rob ot con trollers purc hased on 1/17/95 for $475.00; and 5 Lego 4.5 v olt resource

sets for $1030. This lab oratory is primarily used for the PI's researc h but has also b een

emplo y ed b y studen ts.

4.1.2 Ma jor Equipmen t at Bryn Ma wr College

The computer science program at Bryn Ma wr College falls under the administrativ e purview

of the Departmen t of Mathematics. The follo wing equipmen t is used b y b oth computer

science and mathematics studen ts:

� An Apple Macin tosh-based lab oratory comprised of 14 P o w erPC Mo del 6100 comput-

ers, purc hased in summer 1994 for a total price of $28,000.00. All the computers ha v e

ethernet connections to the campus net w ork. The lab oratory is also equipp ed with

a SONY o v erhead pro jection system. Another SONY pro jection system, one Apple

Macin tosh Cen tris and a Dell P75 PC are part of a media equipp ed class ro om. The

total cost of the t w o pro jection systems and the t w o computers w as appro ximately

$38,000. All of this equipmen t w as purc hased b et w een Spring 1993 and Spring 1995.

� A SUN Sparc 10/51 serv er that supp orts all upp er-lev el computer science courses as

w ell as undergraduate and facult y researc h. It w as purc hased in Octob er 1993 for a

price of $18,000.

� A SUN Sparc IPX w orkstation purc hased in August 1992 for a price of $15,000. This

w orkstations is primarily used for researc h b y facult y and studen ts in Mathematics.

� An X T erminal Lab oratory consisting of 10 color X T erminals. F our of these are

Hewlett P ac k ard Aptrex terminals purc hased in August 1994 at a price of $8000, and

six are HDS-FX-17c purc hased in August 1995 at a price of $12000.00. All computer

science courses b ey ond the in tro ductory (CS 1) use this as a platform for lab oratory

assignmen ts.

15



� A lab oratory with 6 Dell 486 PC's purc hased in summer 1994 for the price of $21,000.

This lab oratory is time-shared with Ph ysics, Mathematics, and Computer Science Stu-

den ts. The prop osed purc hase of new PCs will replace these and add to this p o ol.
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4.2 Course descriptions

CS 63 Arti�cial In telligence (at Sw arthmore College). The unifying theme of this

course is the concept of an in telligen t agen t. Based on this p ersp ectiv e, the problem of

Arti�cial In telligence is seen as that of describing and building agen ts that receiv e p erceptions

from an en vironmen t and p erform appropriate actions based on them. This course will

examine man y di�eren t metho ds for implemen ting this mapping from p erceptions to actions

including: pro duction systems, reactiv e planners, logical planners, and neural net w orks.

W e will use Lisp to program v arious agen t and en vironmen t mo dels. Lab w ork required.

(Curren tly o�ered in the spring semester ev ery other y ear. The exp ected enrollmen t is 15

studen ts/o�ering, and the course is one of the options for ful�lling an upp er lev el requiremen t

for ma jors and concen trators.)

CS 91 Building In telligen t Rob ots (at Sw arthmore College). This course addresses

the problem of con trolling rob ots that will op erate in dynamic, unpredictable en vironmen ts.

In lab oratory sessions, studen ts will w ork in groups to build small, lego-based mobile rob ots

and to program them to p erform a v ariet y of simple tasks suc h as obstacle a v oidance and

ligh t follo wing. In lecture/discussion sessions, studen ts will examine the ma jor paradigms of

rob ot con trol through readings with and emphasis on adaptiv e approac hes. (This semester

w as the �rst time this course w as o�ered, but w e plan to o�er it ev ery other y ear. A t

presen t, enrollmen t is capp ed at 15 studen ts b ecause of limited equipmen t, although o v er 25

studen ts registered for the course. This course is one of the options for ful�lling an upp er

lev el requiremen t for ma jors and concen trators.)

CS 372 Arti�cial In telligence (at Bryn Ma wr College). A study of ho w to program

computers to b eha v e in w a ys normally attributed to h uman "in telligence." T opics include:

heuristic vs algorithmic programming; cognitiv e sim ulation vs mac hine in telligence; problem

solving; inference; natural language understanding; scene analysis; learning; and decision

making. These are illustrated b y programs from literature and programming assignmen ts in

appropriate programming languages (Common Lisp and Prolog). (Curren tly o�ered in the

fall semester of ev ery ev en n um b ered y ear. It is exp ected to b e o�ered in the F all semester of

ev ery y ear. The exp ected enrollmen t is 15 studen ts/o�ering, and the course is required for

all studen ts pursuing an indep enden t ma jor, recommended for minors and concen trators.)
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4.3 Recen t Undergraduate Studen t Researc h T alks and Rep orts

4.3.1 A t Sw arthmore College

1. Phil Branden b erger: P arallelizing Compilation with Dynamic Storage Allo ca-

tion . Seminar pap er, Spring 1994.

2. Iv an MofoKeng: Exploring Comm unication and Computation P atterns of

Large-scale Image Con v olutions on P arallel Arc hitectures . Seminar pap er,

Spring 1994.

3. Guy Haskin: Implemen tation of P arallel Algorithms on a SIMD Arc hitecture. Seminar

pap er, Spring 1994.

4. Sam Erlic hman: A Classi�er System that Learns to Pla y Tic-T ac-T o e . A

semester long researc h pro ject completed as a one-credit course, F all 1994.

5. Da v e Sob el: The Chinese Ro om and Connectionism . Seminar pap er, Spring

1995.

6. Margret P atterson: An In tro duction to Computer Science via Sorting: A

Curriculum Plan . Seminar pap er, Spring 1995.

7. Go e� No er: Unix Net w ork Daemons: Less Evil Than Y ou Migh t Think .

Seminar pap er, Spring 1995.

8. Jonathon F einstein: Data Visualization for the General User . Seminar pap er,

Spring 1995.

4.3.2 A t Bryn Ma wr College

1. F arhannah Akikw ala and Susanna Sc hro eder: Algorithm Animation: Visualizing

Sorting . A summer Researc h Pro ject sp onsored b y a gran t from the Ho w ard Hughes

Medical Instititute, Summer 1994.

2. Am y S. Biermann: P arallel Implemen tation and Optimization of the Minimax

Algorithm with � � � � Cuto�s in the con text of the game Othello . Honors

Thesis, Spring 1995.

3. Niklaus Sw ob o da: Graphical User In terfaces for AI Arc hitectures . A Summer

Researc h Pro ject sp onsored b y a gran t from the Ho w ard Hughes Medical Institute,

Summer 1995.

4. Sarah Hac k er: Visual Programming . A Summer Researc h Pro ject sp onsored b y a

gran t from the Ho w ard Hughes Medical Institute, Summer 1995.

5. Niklaus Sw ob o da: Default Logics in Belief-Desire-In ten tion Arc hitectures .

Honors Thesis (under progress), exp ected Spring 1996.
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5 Biographical sk etc hes

Biographical Sk etc h of PI

Lisa Meeden

Computer Science Program

Sw arthmore College

Sw arthmore, P A 19081

meeden@cs.sw arthmore.edu

(610) 328-8565

Education

Ph.D. Computer Scienc e, Minor: Co gnitive Scienc e , Indiana Univ ersit y ,

Blo omington, Indiana, 1994.

M.S. Computer Scienc e , Indiana Univ ersit y , Blo omington, Indiana, 1990.

B.A. Mathematics , Grinnell College, Grinnell, Io w a, 1985.

Emplo ymen t

Asst. Professor, Computer Science Program, Sw arthmore College

(Septem b er 1994{presen t).

Courses T augh t

CS 10, Great Ideas in Computer Science; CS 20, Structure and In terpretation of Computer

Programs; CS 35, F undamen tal Structures of Computer Science; CS 41, Data Structures and

Analysis of Algorithms; CS 63, Arti�cial In telligence; CS 91, Building In telligen t Rob ots.

Recen t Professional Activities

W orkshop Co-Chair for R OBOLEARN-96, an in ternational w orkshop on learning for

autonomous rob ots, FLAIRS-96, Ma y 1996.

Lecturer in the NSF Summer F acult y Enhancemen t W orkshop on T eac hing Undergraduate

AI, Summer 1995.

Review er for Co gnitive Scienc e , IEEE Journal on Systems, Man, and Cyb ernetics , and

1995 International Joint Confer enc e on A rti�cial Intel ligenc e .

Recen t Publications Relev an t to this Prop osal

1. Meeden, L. (submitted). In tegrating Rob ot Building in to the Undergraduate Computer

Science Curriculum. Submitted to the FLAIRS-96, Sp ecial T rac k on AI Education.

2. Meeden, L. (1996, in press). An incremen tal approac h to dev eloping in telligen t neural

net w ork con trollers for rob ots. IEEE Journal on Systems, Man, and Cyb ernetics .
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3. Meeden, L., McGra w, G., & Blank, D. (1993). Emergence of con trol and planning

in an autonomous v ehicle. In the Pro ceedings of the Fifte enth A nnual Me eting of the

Co gnitive Scienc e So ciety (pp. 735{740). Hillsdale, NJ: La wrence Erlbaum Asso ciates.

Recen t In vited Lectures

1. In tegrating reaction and delib eration: Using learned strategies to b o otstrap planning.

Vil lanova University Computer Scienc e Col lo quium Series , Villano v a Univ ersit y , P A,

Octob er, 1995.

2. A connectionist approac h to building plans from the ground up. Spring Col lo quium

Series , Computer Science Departmen t, Indiana Univ ersit y , Blo omington, IN, Marc h,

1995.

3. Incremen tal in v estigations in to adaptiv e rob ot con trol. Bryn Mawr and Haverfor d

Col le ges Mathematics and Computer Scienc e Col lo quium Series , Bryn Ma wr College,

P A, F ebruary , 1995.

4. Emergence of con trol in an autonomous rob ot. Neur al Networks and Vision Seminar ,

Cognitiv e Science Departmen t, Bro wn Univ ersit y , Pro vidence, Rho de Island, Octob er,

1993.

5. A rob ot that learns through connectionist reinforcemen t training. Workshop on L e arn-

ing and A daptation in R ob ots and Situate d A gents , San ta F e Institute, San ta F e, New

Mexico, Ma y , 1993.

Recen t Collab orators:

Researc h Collab orator: Deepak Kumar, Bryn Ma wr College.

Researc h Collab orator: P aul Grobstein, Bryn Ma wr College.

Undergraduate Researc h Advisees: Andrew Bro wn (class of 1997), Sam Erlic hman

(class of 1995), Ben Vigo da (class of 1996), Sam W eiler (class of 1996).
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Biographical Sk etc h of Co-PI

Deep ak Kumar

Departmen t of Mathematics

P ark Science Building

Bryn Ma wr College

Bryn Ma wr, P A 19010

dkumar@cc.brynma wr.edu

(610) 526-7485

Education

Ph.D. in Computer Scienc e , State Univ ersit y of New Y ork at Bu�alo, 1994.

M.S. in Computer Scienc e , State Univ ersit y of New Y ork at Bu�alo, 1988.

M.Sc. (T e ch.) in Instrumentation , Birla Institute of T ec hnology and Science,

Pilani, India, 1983.

Emplo ymen t

Asst. Professor, Departmen t of Mathematics & Computer Science, Bryn Ma wr College

(Septem b er 1993{presen t).

Courses T augh t

CS 110, In tro duction to Computer Science; CS 206, Data Structures; CS 245, Programming

Language Concepts; CS 246, Programming P aradigms; CS 372, Arti�cial In telligence.

Recen t Professional Activities

Program Committee Mem b er , KR-96 (Principles of Kno wledge Represen tation and Rea-

soning), No v em b er 1996.

T rac k Chair , Sp ecial T rac k on AI Education, FLAIRS-96, Ma y 1996.

Con tributing Editor on AI Education, A CM SIGAR T Bulletin.

Lecturer in the NSF Summer F acult y Enhancemen t W orkshop on T eac hing Undergraduate

AI, Summer 1995.

Guest Lecturer on Computational In telligence, Brain and Beha vior Summer Institute (A

Science Outreac h Program for Philadelphia Area Sc ho ol T eac hers), Summer 1995.

Minitrac k Co ordinator , T rac k on Emerging P aradigms for In telligen t Systems, HICSS-28

(Ha w aii In ternational Conference on System Sciences), Jan uary 1996.

Review er for A CM SIGCSE, HICSS, FLAIRS, GWIC, Journal of Exp erimen tal and The-

oretical Arti�cial In telligence, P ortugese Conference on Arti�cial In telligence.

Resp onsible for creating and co-ordinating a new undergraduate Computer Science Program

in conjunction with Ha v erford College (1993{presen t).
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Recen t Publications Relev an t to this Prop osal

1. Editor (with Marti Hearst), A CM SIGAR T Bulletin Sp ecial Issue on AI Education,

V olume 6, Num b er 2, April 1995.

2. with Ric hard Wy att: \Undergraduate AI and it's Non-Imp erativ e Prerequisite", Pro-

ceedings of the AAAI 1994 F all Symp osium on Impro ving Instruction of In tro ductory

Arti�cial In telligence, Marti Hearst (editor), New Orleans, No v em b er 1994, AAAI

Press. Also, in A CM SIGAR T Bulletin Sp ecial Issue on AI Education (edited b y

Deep ek Kumar and Marti Hearst), V olume 6, Num b er 2, April 1995.

Other Recen t Signi�can t Publications

1. \The SNePS BDI Arc hitecture" in The Journal of Decision Supp ort Systems, Elsevier

Science Publishers The Netherlands), forthcoming in 1995.

2. with Stuart C. Shapiro: \Acting in Service of Inference (and vic e versa )", Florida

Arti�cial In telligence Researc h Symp osium (FLAIRS 94), Ma y , 1994.

3. with Stuart C. Shapiro: \The OK BDI Arc hitecture", in In ternational Journal on

Arti�cial In telligence T o ols, v olume 3, n um b er 3, W orld Scien ti�c Publishing, 1994.

4. with Stuart C. Shapiro: \Deductiv e E�ciency , Belief Revision, and Acting" in JET AI

| Journal of Exp erimental and The or etic al A rti�cial Intel ligenc e , v olume 5, n um b ers

2 & 3, 1993, T a ylor & F rancis (London).

5. with Hans Chalupsky: Guest Editor, JET AI | Journal of Exp erimental and The or et-

ic al A rti�cial Intel ligenc e , v olume 5, n um b ers 2 & 3, Sp ecial Issue on Prop ositional

Kno wledge Represen tation, T a ylor & F rancis (London), 1993.

6. Editor, \Curren t T rends in SNePS |Seman tic Net w ork Pro cessing System," Lecture

Notes in AI, V olume 437, Springer-V erlag, 1990.

Recen t Collab orators:

Ph.D. Advisor: Stuart C. Shapiro, State Univ ersit y of New Y ork at Bu�alo.

Researc h Collab orator: Lisa Meeden, Sw arthmore College.

External Mem b er of Ph.D. Committee: Libb y Levison, The Univ ersit y of P ennsylv ania

(Ph.D. in progress), Mic hael Hart, T emple Univ ersit y (Ph.D. in progress).

Undergraduate Researc h Advisees: F arhannah Akikw ala (Bryn Ma wr College class of

1995), Susanna Sc hro eder (Bryn Ma wr College class of 1995), Am y S. Biermann (Bryn Ma wr

College class of 1995), Niklaus Sw ob o da (Ha v erford College class of 1996), Jy otsna Adv ani

(Bryn Ma wr College class of 1996), Sandeep P o onen (Ha v erford College class of 1996), Sarah

Hac k er (Bryn Ma wr College class of 1997).
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6 Prop osed Budget

ILI-IP DET AILED BUDGET (EQUIPMENT LIST)

Item Ho w Unit Unit T otal

Man y Price Price Cost

(list) (discoun ted) (discoun ted)

Lego Rob ot Building Kit 20 550 11,000

(Includes 9 v olt resource set,

temp erature, ligh t, touc h sensors

lamps, assem bled Handy Board con troller)

Activ e Media Pioneer 1 Rob ot 2 3245 3115 6,360

(on b oard MC68HC11 con troller,

t w o-wheeled t w o indep enden t DC,

motors, 7 sonar and 2 IR sensors,

gripp er, soft w are includes 3-D,

mapping, 2-D sim ulator, and utilities)

Shipping Costs: 2 50 100

Dell P75 PC 16 2,108 33,728

(In tel P en tium-based 75MHz with

16 Mb RAM, 0.5Gb disk, with 3-y ear

limited w arran t y .)

486 Laptop 2 2,900 5,800

Shipping Costs: 18 50 900

T otal Pro ject Cost: 57,888

Non-NSF con tribution: 28,944

NSF Request: 28,944

BUDGET JUSTIFICA TION

Lego do es not o�er educational discoun ts. Activ e Media's discoun ted price is for eac h subse-

quen t unit after the �rst. Th us, the total price for t w o Pioneer 1's is $3245 + $3115 = $6360.

Unit prices for the PCs and Laptops are already discoun ted prices. T ec hnical justi�cations

for eac h item are presen ted in more detail in Section 3.3 ab o v e.
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