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ABSTRACT

A three unit mathematics course entitled Introduction
to Computing evaluated the effectiveness of programing as an aid to
learning math concepts and to developing student self-<reliance.
Sixteen students enrclled in the course at the College of Notre Dame
in Belmont, California; one terminal was available, connected to the
Stanford Computation Center IBM 360/67, and the interactive mode and
BASIC were used. Two texts were required--BASIC Manual and Notes for
BASIC. Students solved two problems a week in algebra, calculus, or
linear algebra for the first eight weeks, providing problem
descriptions, flowcharts, program listings, sample outputs,
conjectures, and conclusions. In the last half of the course each
student completed a major individual project. .The teacher lectured on
programing concepts and BASIC in the early part of the course and
then served mainly as a resource person and consultant for the final
12 weeks of the semester. The course was deemed successful, for the
students learned mathematical concepts well, developed creative
approaches to independent problem solving, and developed an esprit de
corps. An expanded version of the course will be taught to large
groups in future years. (PB)
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- This is a .report on a _three unit mathema*ics course called Introduction to Computing

which was taught at the Cclleg2 of Notre Dam2, Eelmont, Califorria, Zn the fall of 1972, We

«+had one terminal, <connected *o the Stanford Computaticn Center IBM 360/67. W@ used the
1nterac 1vL node alnost nn*lrely, and used only PBASIC the first half of the course.

Hy 1n1t1a1‘ rotiva<ion in designirg “he course was to evaluate the effectiveness of
prograsning as an zid to learning various concepts, and as an  activity that would cause
students - to becone wmore -self reliant. . Th2 students were axpectad to learn BASIC well,and
.apply it to solve a vardiety of problewms in algebra, calculus and linear algebra.

The .course was organizad .as follows.- The tests were the BASIC Manual and Notes £
BASIC by Paul Sold=utedin, both published by fh2 Stanford Computation Can*er. I prﬂpafﬁd
problzas in the beginning and «ried to order. thenm according to d1ifficulty of programming.
The list irnc¢luded, in oxder, probklems on 3raphing, limits of series and functions, 2valuating
2 anl 9 diffeorant wayvs {(the round-off arror noticed here aroused considerable interest and :
led to nrew apureciation of  saries eVpangloﬂ and trig iden*igies), derivativss, definite
integrals, roois,- 7erog: of fun ons (again, *there was much girterest when students who had
done nathodical s=avching sav fronm aro‘her'g output how much more rapidly Yewton's wmethod
converged), and wazrix manipulations. “0na studen:t obszrved “hat the sgquare root algorl‘hn
was a r~pecml cas# of Wevton's method and then derived a general lgorithm for ,aklng th
roote. ‘ . )
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Two exercisas 2re  due each week, the first eight w=e¢ks. For each, students were to
incluls a description of *he problem, ircluding -identification of ‘'the ‘concepts involvasd, |
.flowzhart, prograan lis*ing, and sample output. Some exercises alsn askad for conjectures,
conclusions, Or aunparisons hnsed on the ou+put obtained, and I juda=d this kind of problen
.2spacially frui-zfal. Ricaus scme students had not hLad calculus, .1 later supplied sone
'alternate exerci _on compouni n‘e'est. '

.buring the last half of *he cburse, zach studant undertook a major project, szlected
esarlisr with my .consulta*ion. . I encouraged them to select projects about which they would be
enthuziastic, and trisd to guide cach student to one of appropriate difficulty for him. .- Thay
turnei in a description, than a flowchart, anid then weekly progress reports. Each'. student
gave a raport on his project to the class during the last three we22ks. There was no final
2Xam. : ) - '

. ! I lecturcd on general prcgramming ‘concepis, BASIC, and covered the exercisas for the
first four weaks.  Af*er +hat, I lectured briszfly on .exercises, was available for consulting,
scheduled conferances to. help’ each sfudent select a project, and lectured twice on matrix

. operations -in BAESIZ just before -they ware nesded. There was a lab assistant available for

. consulting on wzekends, which was very helpful, especially in the beginning of the s2mester?

3. student's projcct vwas supposed to reguire a*t least 60 hours and involved learning .new
_ v " mathenatics or deapening unds=rstaniing of concepts learned before. Most projscts did require
¢ ~ the expected amount of tima anl were wsll planned. : : ’ .

Som2 projects involved a lot of;maﬁhematlcs explicitly. Two students wrote programs to
solvs systemns of linear =quations, one to be-used interactively in a tuiorial way, -and they
: also 2xplored thz literaturs briefly, thus becoming aware of difficulties such as ill
ceonditioning. RAditiosnal projects included - using linear algebra and developing new sets of
short exercises in DBASIC. One ‘studsnt -learned -FORTRAY by rewriting all *he original
exercises, and in som2 cases whers round-off =rror had bean considerable before, he -comparad
the accuracy of single and -~ double precision variables. Anothar student wrote a set:.of
tutérial programs for vector analysis. : ‘ .
L . N . \v'-' . - .y
Other projects did not involve as nmuch obvious mathematics but required considerabie
rzasoning and organization, and some very creative work was displayed in these. One student .
‘used SPS5 to analyze questionnaire data from a studen: course evaluation and threse wrote
lengthy games-~Craps, Roulette and Battleship. A biology major learnad PYLOX and wrote a.
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tutorial dialogue on kidney function; and onsz music/math major wrote a program to compose 12
tone susic. Her report included a tecital. Two of the students writing games began-to learn
SIMSCRIPT, but da2cided +to uge EASIC instead bzcause it was interactive. :

Par his ra2port, each s%udant prepared multiple copies-of his project and its output. 1In
post Cases this involved running programs in batch mode.

Bvaluating, I am op“imiscic about the poten+tial of programming 2ssiqnments as an aid to
learning mathamatics. The stulents seamsd %o grasp a concep* more firhly and be much more
inter2sted after writing a projram usirg the principles involved. One somewhat unexpected
baznefit of this course was that i* stimulated creativity, which was due mostly I +think to
each student's being 2ncouragel to choos2 his own project.

Eleven of <+«he 16 s*%udants who enroiled originally had had calculus and some linear
algebra, were mathematics majors and gen2rally good students. Seven -of these also knew
something about computing already but did no*t know BASIC. The o-her five had much weaker
mathematical backgounds, and two cf *has2 dropped the course at mid-samester.

JE the 14 who finished, T think 12 fully achieved “he goals T had set for <hen. They
becama vary skillful with BASIC, clarifiei and strengthened +heir wundarstanding of many
concapts, developed noticeably in inldepsndence, and displayed increasing creativity. Alss,
this same majority developed a strong 25prit le corps, euabling me to functior more and more
as a rasource porson. The other “wo Aid not do as well. One, who had a weak mathematics
backgzound, vas ex*remaly interested and workad hLard hut s2¢med to lack +the organizational
ability necessary for skillful programming. The other was a very hright mathema<ics major
who sinply reacted negatively o ths whola idea of computing--vas abla “o do +he work but
naver became really interested in nor creativs with programming.

Jverall T think ke courss was successful. I will teach it again in the spring of 1973
and will allow 30 stulents this %im». T plan some changes: I will prepare different and
more ospen-cnded =sxercises, =o oncourage stnients to explore more and “o design or find more
sophisticated techniqgnes. There will also ba more exercises assigned@ during wesks 3-8,
incluiing some to .be run in batch and at least one using a plotter a+* Stanford. I will
lectur2 once specificilly on =1iting technigques, and will take +he class 0 +tour the
Computation Center early in the semssz2r. The s*udents need tha*t orientation since they may
go thare later to pick up output, visit Consulting, or us2 a public terminal.

This particular course is probably of short term value, for I ¢hink that conpu<ing
problans should ani will be integrated into nmathematics courses wherdvar appropriate,
However, +teachirng this course has givan me a chance +to explore just what some of the
appropriate places are, and how this coll2gz can begin the integration. As an aside, I have
recently given assignments in abstract algebra to write a proqram to compute the Caylsy table
for the symmerric group on four ohbjects, or compute its subgroups, or test a subgroup for

ncrmality. These were alternate exercises, and one student did select and 40 one such
project.

NOTE
* This work was supported in large pavr* by the National Science Founda*ion, GJ-28765. The

author is a participating faculty mamber from the College cf No-re Dame in tha Northewn
California Rogional Compu<ing Network, directed by the Stanford Computation Center. She
is appreciative of the support received from these sources.
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