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Foreword

The Second Wational Educaticnal Comput-
ing Conference (NECC/2) builds on the
succeas of last year's conference at the
University of Iowa. In organizing the

am for NECC/2 we have attempted to

lement many of the suggestions we have

received during the year. Of special
significanca are the tutorial sessions
which are designed to provide atténdees
with the opportunity to expand their
appreciation of and involvement in
educational computing.

NECC/2 is a broadly based conference
bringing together., in the common inter-
ests of computers in education. a great
numbar of individuals with divarse back-
grounds and a great number of cooperating
societies, It i3 hoped that in thia
forum the diversity can be focused to
improve our common interest,

This volume prasents the papers pre-
asnted at the conference and summaries of
mogst Of the special sessions. The coordi-

nation of the contributed papers was in

the able hands of Richard H, Austing of

the University of Maryland, and the coordi-
nation of the special sessions was in the

egually able hands of Doris K. Lidtke of
Towaon State University. We give them our
sincerest thanks for the many hours spent
on these tasks, We alsc thank the authors
for submitting their works and working with
us t¢ maintain our schedule.

Thanks are also due to the entire NECC/2
Stearing Committee for their excellent
guldance in preparing for the Conference.

Special acknowledgements go to Ted
Sjoerdsma of the University of Iowa who
coordinated publicity and Diana Harris
also of the University of Iowa who edited
these proceedings. .

Finally we thank all those individuvale
who came to NECC/2 and helped insure that
the concept of this series ¢f conferences
is a syccess.

Gerald L. Engal
Chairman., NECC/2
Christopher Newport College
Newport News, Virginia 23606
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Tutorials

CAI - AN INTRODUCTION

Michael Arenson
Dept. of Music
Univ. of Delaware
Newark, Delaware 139711
{302) 738-8485 )
Harold Rahmlow
Abacus Learning Inc.
531 Lancaster Avenue
Wayne, Pennsylvania 15087
The Americzn College
Bryn Mawr, Pennsylvania 19010

ABRSTRACT

~ The NBECC~2 Computer-Based Instruction
Tutorial Sassion ig designed for persons
who have had little or no experience
working with computer-based instruction
{CBI). This session will give basic
information that will help them get
started in CBI. The topics for the ses-
sion include:

{1) An examination of terms related to
CBI and the differences between com-
puter assisted instruction, computer-
managed instruction, and computer
test generation

{2) CcCharacteristics of today's educational
environment and the place of CBI in it

{3) Alternate CBI systems and character-
igtics of each

{4) Examples of successful CBI

{5) Questions one should consider before
getting into CBI

{6) Where to get additional information
or assistance concerning CBI
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HOW TO CHOOSE A MICROCOMPUTER FOR EDUCATIONAL USE

Kevin Haugmann
Minnesota Educational Computing Consortium
2520 Broadway Drive
St, Paul, Minnesocta 55113

ABSTRACT .
Many people are realizing the tremendous
potential that microcomputers have for

-- education; however, it is becomming increas-

ingly difficult to stay abreast of all the
varieties of microcomputers currently
available. oOne solution to this problem
is to define the components that make up

& minimal educational microcomputer system
and then consider only those systems which
mest minimal criteria.

The minimal system, as defined by
Minnesota educators, consists of the
following:

= An input device must be a typewriter

keyboard and cutput a multiline
mwonitor or printer.

= a permanent file storage must bhe some

form of disk storage.

~ The BASIC language must be supported.

= At least 12K of user memory must be

availalbe, excluding operatin
syatem and language processor%s}.

Since BASIC is the most often used
language, an evaluation of BASIC language
features and capahilities should be made.
BASIC features typically considerad
include sequential file handling, random
access file handling, chaining, special
functions, matrix operations, formatted
output, and good graphics commands.

Once the range of systems has heen
narrowed, ways to provide or acquire
support should he considered. The
following points were deemed important
in the Minnesota plan for microcomputer
support:

- One specific microo ter {(chosen
through a bid process) should he
available to educational agencies
by & state contract.

- Instructional service support for
the selected microcomputer should he
defined and increased to the level
currently available for timesharing.

= Continucus analysis and evaluation

of hardware and software must keep
up with the changing technology.

The technical avaluations and the
invitation for bid used by the Minnesota
Bducational Computing Consortium are
available from MECC Publicationa, 2520
Broadway Drive, St. Paul, Minnesota 55113

Ask for the 79-80 Microcomputer Report.
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TORNING STUDENTS ON TO THE COMPUTER:
THE INTRODUCTORY COURSE

Gary B. Shelly
Anaheim Publishing Company
1120 East Ash
Fullerton, CA 92631
(714) 875-7922

- ABSTRACT

FOr as long as computing has heen taught
in high echools, colleges. and universities,
there has been controversy concerning the
first course in the curriculum. Some have .
advocated a high-level course dealing with
algorithms and programming, while others
have taken a computers~in-society approach.
With the increased enrollment in this
course, not.only in colleges and univer-
sities but in high schools and even junior
high schools, guidance must be given to
teach a worthwhile course which can satisfy
the large number ¢f gtudents from all
disciplines who will be taking it.

This tutorial will present a suggested
couras contant and methods for implement-
ing this course at all levels of educaticn.
It will include justification for the
subject matter which the author views as
critical for the course and unigue and
effective ways in which this subject
matter can be taught effectively.

s
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INSTRUCTIONAL DESIGN AND COMPUTER EDUCATION

Gordon Stokes
Ccmputer Science Depariment
Brigham Young University
Provo, ttah 84602
(801) 374-1211 Ext. 3027

ABSTRACT .

The place ¢f performance ohiectives,
course organization, instructional
strategies, and evaluation procedures
will be discussed in this session. The
instructional design of an introductory
PORTRAN class will be the case history
that fllustrates the instructional
design process in a classroom.

The presentation will give the partici-
pants encugh information and examples to
help them organize their own classes.

The evaluation procedures will cover both
formative and summative exams.

Some recent research results on indi-
vidualized instruction in an introductory
clags will be presented, and their
mplications for instructional design
will ha discussed.




Invited Session

. MICROCOMPUTERS IN EDUCATION

Chaired by Murali R. Varanasi
Dept. ¢f Blectrical Engineering
014 Dominion University
Norfolk, VA 23508
{804} 440-3741

i ABSTRACT

Since the introduction of the first
microprocessor in 1971, advances in the
microprocessor field have so accelerated
that vniversities have been faced with a
serious educational challenge. To take
asdvantage of the cost and flexibility
offered by the programmazble LSI devices,
the digital designers have to be educated
in software engineering: computer scien-
tists have to learn digital systems at
the gate and subsystem lsvel. Even
though microprocessors, they must be dealt
with a8 any other computer--i.e., inter-
faces have to be built, buses have to be
designed, and programe written. There-
fore the following challenges arise:

1. How are design skills to be taught?

2. What sort of courses are needed? .

3. what sort of laboratories are needed?

4. How does one introduce & Computer

Science/Engineering etudent to
application areas?

This panel will uddress the above dues-
tiong from the perspective of experienced
education, inducgtrial, and government
experts knowledgesble in computer educa-
tion. Future spplications of micro-
processors will aleo be discussed.
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PROGRAM DEVELOPMENT TECHNIQUES

A. J. Turner

Clemson University

ABSTRACT

putar programg are of ten developed by
users without considering the effort that
will be required for someone other than the
author (8) of a program to understand it,
modify it, or correct an error. However,
several techniques are available to assist
in the development of computer programs
that are easier to read, understand, debug,
and modify. Since taoe techniques also
facilitate the initial implementation of
most programs, they are valuable even if a
program is intended to be used without
modification.

Techniques for three asgpects of program
development are considered in this tuto-
rial: design, progranming, and implemen-
tation., Topdown design is discussed as
the basic approach to program design.
Module independence, module function,
information hiding, and the HIPO tech-
nigque are congidered as modularization
¢riteria and paradigms to =id in the
development of the design. The two pro-
gramming techniques discussed that facil-
itate the development of program code are
the use of pseudo-code and stepwise
refinement. Also included are techniques
for improving the readability of program
code, such as structured coding and
program formatting and commenting conven-
tions. The use of iterative enhancement
and module stubs are discussed as implemen-
tation techniques that complement the
desigr and programming technigues and
facilitate the use of a topdown approach
to program development.

Emphasis is placed on the use of these
techniques by a small implementation
team or a single individuval. Examples
in the BASIC and PASCAL programming lan-
guages are included.
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COMPUTER SCIENCE AND MIS COLLEGD STUDERTS:

I5 THE STAMFEDE FOR THE MONEY?

Eleanor W. Jordan
Department of General Busineés
University of Texas at Austin
Austin, Texas 78712
512-471-3322

INTRODUCTION

College programs in computer science
and management information systems {MIS)
are generally experiencing increaging
enroliments in spite of declining or
stable university-wide enrollments.
S8ince the demand for DP professionals
is currently very high, enrollment
increages in these two areas may be an
indication of the practical orienta-
tion of the '70s collage students who
supposedly left the liberal arts and
demonstrations of the ‘603 to pursue
safer carcer paths in a declining job
market., If this is true, will colleges
be producing more computer graduates in
the '808 who are money-oriented rather
than computer-oriented?

Industry is unlikely to be dig-
mayed at the prospect of more practical
computer science graduates. Bruce
Gilchrist (5) predicts that the short-
age of DP professionals will continue
through the '80s malnly because educa-
tional institutions are not producing

graduates with an adequate education
for business applications. He suggests
that computer companies spend less
time raiding each other's ppP efiploy-
ees and more time interacting with
educational institutionsg in order to
improve the DP personnel situation.
Several educators have joined
industry recently in complaining that
computer science education is often
irrelevant to industry needs (2).
Resulting recommendations have ofter.
been to add particular courses or
stress particular languages (2), but
there has been an increasing interest
in new programs designed for the
broadly defined fields of software
engineering {7) or information systems
Before too many new programs are
developed, it might be valuable to
conglder whether it is possible to
relieve industry's frequently expressed
frustration with computer science
graduates by making curriculum changes.
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Paul Anagnostopoulos {1), a participant
in the 1979 Brown University conference
on the difference between sof tware
theory and practice, decided that the
much talked-about software crisis is

due mainly to programming personality
defects. His suggestion that more
attention be paid to the psychological
aspects of programming and systems
design is similar to Daniel Couger

and Robert Zawacki's (3) suggestion

that DP professionals consider behav-
ioral aspects of personnel responsibi-
lities as well as the required technical
skills. In their investigation of

more than 600 DP professionals (analysts,
programwer/analysts, and programmers¥.
Couger and Zawacki found that the
stereotype of programmers as loners

had considerable basis in fact: DP .
professionals reported significantly
less need for interaction with others
than all six of the other professional
groups studied.

TABLE 1.

Are peoprle who choose DP careers markedly

different from people in general? Couger
and Zawacki founé that practicing DP pro-
fessionals have lower sucial needs than
others and concluded that this trait had
important implications for how DP work
environments and job requirements should be
designed. If computer science and MIS
students differ from other students in
job-related attitudes and achievement moti-
vations, it could have implications for
program design, course design, and student
advising in the computer science and MIS
areas.

STUDENT SURVEY PROJECT

In spring 1977 I was involved in the
development of an undergraduate MIS program
in the College of Business Administration
at The University of Texas at Austin. A
strong computér science program already
existed at the graduate and the undergrad-

uvate level, but our business school committee

thought that the orientation of the computer

Mean Ratings of Importance of Possible Considerations

In Career Choice for Student Sub-Groups

+

Career Considerations Business MIS Computer Liberal  Natural Engineering
in Pink 9rder of Sciance Aris Sciences
Importance {N=326) {u=21) {H=20) {N=40) {8=45) {N=15)
1. Personal Interest* 3.4 3.3 3.0 3.5 3.5 3.4
2. Personal Abilities 3.1 3.2 3.2 3.3 3.4 3.1
3. Career Potential 3.1 3.3 3.3 2.8 2.9 3.5
4, Job Security 3.0 2.6 3.1 2.4 2.7 2.7
5. Salary** 2.7 2.4 2.9 2.2 2.3 2.5
6. Amount of Time

Allowed Outside Work 2.6 2.4 2.4 2.5 2.3 2.9
?0 ?1exihility 2.5 2.5 2!J 2.5 2!4 2.4
8. Variety of Job

Regquiraments 2.4 2.3 2.3 2.4 2.2 1.9
9. Opportunity for**

Community Service 1.8 1.5 1.2 2.2 2.5 1.5
10. Prestige 2.0 1.5 1.9 1.9 1.6 1.7

Items are measured on a five-point scale with O=indicating "not at all important® arnd

4 indicating "extremely important."

Asterisks indicate that an analysis of variance resulted in a statistically significant
difference among sub-group means at the following levels: *-<pf .05, **-=pL 01
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TABLE 2. Mean Scores for Student Sub=Groups On
Work and Pamily oOrientation Factors

Factor Business MIS Computer Liberal Natural Engineering
Science Arts Sciences

{N=326) (N=21} (N=20) {N=40) {N=45) (N=15)
Magtery 20.1 20.3 19.0 19,2 19.6 19.7
Work 19.7 20.7 19.4 20.4 20.5 19.9
Competi-
tivenessgt* 13.7 12.1 11.2 12.1 12.3 12.9
Personal ‘
theencern 10.3 10.3 11.2 10.9 10.7 10.1

The overall group means for these factors were very close to the Helmreich and Spence

normative data for 1455 college students.

**An analysis of variance resulted in a statistically significant difference among

sub-group means at the .01 level.

science undergraduate program was more
suitable for aspiring graduate students,
aystems programmers, or scientific pro-
grammers than businesa applications sys-
tems analysts. The MIS program was de-
signed to provide the education for a
knowledgeable business user who can ef-
fectively define his information needs
as well as analysts who can design the
requested’ goftware without the usual
conflict between user and DP personnel.
Fall 1979 was the first semester
for the proposed MIS program. Since it
is a computer program in the buziness
school 1 was interegted in whether the
students actracted by the program would
have work-related attitudes and motiva-
tions similar to business students or
€S students., I therefore included stu-
dentz in two of the required MIS classes
in a rall 1979 survey project that mea-
sured attitudes from a large sample of
business students at the undergraduate
and masters level. A smaller sample of
l1iberal arts, natural sciences {includ-
ing computer science), and engineering
students was also included for a compar-
ison with the MIS group. The resulting
sample included 467 undergraduates; the
large majority were business majors in
accounting, management, or marketing.

RESULTS

Determinants of Caraeer Choice

Most of the students participating
in the survey reported that they had
decided on a career goal, even though
the sawplses included about as many fresh-
man and sophomores as it did juniors and
seniors. proximataly half of the de-

cided group had specific career goals,
while the other half indicated that they
had decided on a general area but were not
sure about what their specialization might
cn the survey students were asked to
rate the importance of ten elements in
their considerations for choosing a career
field on a scale of 0 to 4. The ten ca-
reexr choice items inciuded on the survey
are listed in Table 1 in the order of aver-
age importance to the entire sample.
Personal interest in a career field
had the highest mean rating for all stu-

*'dsht ‘sub-groups except the computer science

students and engineering students whe tended
to rate the importance of career potential
more highly than any of the other items
listed. .

The generally high ratings given to
personal interests in career choice deiiber-
ations are not consistent with a popular
view of '708 students as obsessed with fi-
nancial szecurity, but the rest of the items
in the top half all fit this view. Matching
a career with personal abilities ranks sec-
ond for most groups and career potential,
job security. and salary follow.

To determine what reliable inter-group
differences might exiat in deliberations
about career choice, I performed a separate
analysis of variance for each of the ten
items. Statistically significant differ~
ences among means were found for three of
the jitoms: Ppersonal interest, salary, and
opportunity for' community service. For all
three of these items the mean for computer
science students wag at cne end of the
range of sub-group means and the
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means for liberal arts etudents and
natural sclence students were at the other
extrema. The maan for MIS students was
closer to the other sub-g9roup means for
all three of thesa career choice items.
Por thess three coneiderations in making
a decision about a career. the MIS stu-
dents appear to be meore like other stu-
denta than the computer science students.
For the other conaziderations included

in the survey, the computer science
students, like the MIS atudents., appeared
to rate each item of similar importance
or lack of importance to tha other sub~
groups.

Achievement Motivation

The survey also included four
maasures of achievement motivatior.
Thess measures were takan from Robert
Helmreich and Janet Spence's (6) Work
and Family Orientation Ques tionnaire
since conaiderable evidence exists for
the statistical reliability and valid-
ity of this instrument. The four fac-
tors identified in Helmraich and
Spence's analysas are designated as
work, nmastery., competitiveness, and
personal unconcern. The first two
would seem to be highly relevant to
realistic motivatione of aspiring
DP professionals in the rapidly chang-
ing computer environment: work is
intended to measure the desire to work
hard znd mastery measures desire for
intellectual challenge. The items
composing tha competitivenass factor
are relatad to & desive to succeed in
competitive, interpersonal situations.
A high score on the pereonal unconcern
faotor indicates a relative lack of
concern about the possible negative
interpersonal consequances of achieve~
ment. In validation studies thase fac-
tors have been found to be appropri-~
ately related to measures of scienti-
fic achievement, college grades, and
incona.

Computer science and MIS students,
according to my results, are similar
to business, liberal arts, natural
sciences, and engineering students in
terms of work, mastery, and peracnal
uncencern (Table 2). In a comparison
of the six sub-group means the results
of an analysis of variance test was not
statistically significant for any of
these three factors. However a statis-
tically significant difference among
neans was found for competitiveness.
The highest mean factor sacore was for
the business students and the lowest
wag for tha computer science students;

the mean score on competitiveness for MIS
students was similar to the middle scores
of 1liberal arts and natural science stu-
dents.

SUMMARY AND CONCLUSIONS

The sample of computer science and
MIS students participating in thie sur-
vey was quite small so any conclusions
that can be drawn from the results must
be tentative., Where comparisone could
be made to other studies the data did
appear to be representative of college
atudents and consistent with the Couger
and Zawacki (3} study of DP professionals’
personal needs. The additional implica-
tions of my study may then be worth consi-
dering at least for purposes of discus-
aion.

For the most part computer 'science
and MIS students appear to make career
choicas in a manner similar to othar
studente and have similar achievement
motivations, However, where statisti-
cally significant differences do exist,
the computer science studants were found
consistantly to have an extreme posi-
tion, while tha MIS atudents consistently
indicated choices and motivations simi-
lar to the other atudent sub-groups.
Implications for Industry

If the results of this study in an
academic setting are combined with the
Couger and Zawacki (3) study, the impres-
sion of tha DP professicnal is that of
someona who has low needs for sccial
tnteraction and little desire for inter-
personal competition relative to other
professionals or aspiring business
exacutives., Computer acience studenta
are just as interested in an intellec-
tual challenge ae othar students, accord-
ing to my study, and have a greater need
for personal growth than other profes-
stonals, according to the Cougar and
2awackl stuody. But challenge and growth
are apparently not defined in terme of
soclal interaction or interpersonal
compatition. If the business execu=-
tive understands this then it seema highly
plausible that it would be possible to
capitalize on the task orientation of
the traditional DP professional and
bunefit.from the lack of poesibly des-
tructive interpersonal competition.

Some of the closed-door compiaints that
are gometimes heard about DP shops may
stem from an assumption that the acurce
of the isclation policy is a know-it-
all sgocentricity, when in fact it is
likely to be a difference in task orien-
tation.
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The results of this survey related
o MIS students seem very hopeful for a
future reduction of the freguency of
conflictas between COmputer experts
and business managers. For all ana-
lyses where differences in motivations
or importance placed on career choice
considerations were found to be statis-
tically significant, the MIS students
tended to take a middle position.
Hiring a combination of MIS and compu-

ter science graduates may very well result

in a DP shop that has better intra-
company relationships and still delivers
the technical expertise that may re-~
quire an almost exclusive orientation
toward the task at hand.

Ancther hopeful note is that the
programmer's big ego desoribed in
?o?siofmghe gtories of gerald Weinberg

8) in The Paychel of Computer
PrOYrammin Hoe-n'% Seen to be pre-
valent among either MIS or C§ students.
weinberg's cbservations may be more
based on egocentricity than egotism.

Implications for Educators

Gordon Davis (4} has digcussed
the conceptual differences in the func-
tions of information analysts and system
analyats as a basis for designing
curriculum in MIS and computer science.
The results of my study provide some
additional support for the distinc-
tion between broadly defined programs
in information systems and the tradi-
tional computer science program.
The middle position occupied by the
MIS students on a number of career
orientation and achievement moti-~
vation meagsures may mean that they
will generally be successful in the
liaison and wanagerial roles they are
often placed in. Also MIS programs

apparentlg attract a different type
student than the computer science
programs. As the number of MIS pro-

grams increase the number of gradu-
ates seeking DP positions may increase
at a faster pace than expacted.

The high salaries and eager on~
campug industry recruiters would seem
to be the most cbvious reasons for
the continuing increase in MIS and
computer science enrollments, but
that's not what these students are
reporting. Personal interests are
more important than salaries for all
these late '70a college stwdents.

With a continuing increase in college
graduates and a variety of computer
educational programs. perhaps the soft-
ware race will catch up with the hard-
ware advances faster than the latest
predictions indicate.
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FORCE-FEEDING SPSS IN
MARKET RESEARCEH AND ANALYSIS AT
HAMPTON INSTITUTE

Howard F. Wehrle, III
School of Bueineas
Hampton Inostitute

ﬂamp?on

804)

INTRODUCTION

Hampton Institute (HI) is a amall,
preatigiors, four-year historically
black college that grants graduate degrees
in education, nursing, and (in conjunction
with George Washiugton University) engi-
neering. As of September 1979, the Scheool
of Business included 15 faculty members
and 792 students (the largest enrollment
of any element of the Institute) who re-
presented 36 states, the District of
Columbia, and the Virgin lslands. The
Schocl of Business 1s activaly pursuing
prelimipary actions toward accreditation
of the undergraduate prograu by the
American Assenbly of Collegiate Schoola
of Buginess (AACSB), with the mid~range
goal of an accredited Master of Business
Adwinistration (MBA) program.

COMPUTER EDUCATION FOR BUSINESS AT
HAMPTON INSTITUTE

The focal poilnt for computer education
at HI 18 in the Divieion of Computer

Science, Dapartment of Mathematics, which

offers a major in computer science. ({OBOL
{8 the principla vehicle for teaching, al-
though two APL terminale are available.

In the School of Businese, & singla
copputar course, "Computer Concepts in
Business,™ has used FORTRAN. Until the
1978-79 echool year tha course wai taught
by a full-time visiting professor, an
IBM employee. Upon his departure, the
author volunteered to teach both sections
of the course, continuing the sosewhat
regtrictive program-writing orientation
using FORTRAN, which w2a sstabliahad by
hies predecacsor.

Baginning in September 1979, however,
the main thrust of the course was sub-
stantially rediracted from a rather narctow
tachnical orientation to a broadar mana-
gerial orientation more appropriate to
petential junicr managers who are under=
graduate students in business. This re-
direccion included a new text, O0'Brien's

Virginia 23668
727-5362

Copputers in Business Management (7),
which emphaiizes business applications
and probleme with subotantially less
attention to detailed programming tech-
niques. In addition, preliminary guldance
from the Chairman of the Department of
Managensnt and Marketing had emphasized
that FORTRAN 1¢ not necessarily the pre-~
ferred language. Accordingly, miner
prelimivary study has addressed the possi-
ble introduction of the C language (2)
since software compatible with the Harris
PDP-11 (pow baing installed at HI) ie
available. Thie guldance recognizea the
fact that the gogl of the School of
Business 18 not to train computer pro-
grammers or potential data processing
wanagers, but to train competent junior
managers with a broid overview of bugi-
ness.

Hardware available to the School of
Business as of Septembar 1979 included
five keypunches, one termiral interactive
with the IBM 370/168 computeéer at Tha
College of William and Mary in Virginia
at Williameburg, and an IBM Syestem 3 at
Hampton Institute. The Systam 3 allows
batch processing of Statiestical Package
for the Social Sciences (SPSS) programs.

THE CHALLENGE OP BUSINESS 428-01

On Auguat 30, 1979, the author, primarily

management rather than nmarketing orlentad,
was offerad the opportunity to tsach, as
an overload, Business 428-01, "Markat.
Resesarch and Analysie." Thie opportunity
waa eagerly grasped, after only brief
consideration. A conventional syllabus
complemanted tha text snd supported the
concept of tesm determinstion, teaw lead-
ar selection, and reaearch topic racommen-
dation by the atudents. For the claas of
59 students (34 juniors and 25 seniors)
apecific guidence was given orally at the
same meeting: “Thie course ls team-
orianted,. Accordingly, by the next class

N
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_approved by inetructor.

meeticg please arrange yourselves in teams
of not less thaun five nor more than seven
members, at least one of whom muet have
completed ‘Computer Concepts in Bueiness’
{to ensure a basic familiarity with the
mechanics of computer programming, key-
punch operation, and program debugging).
Salect your team leader, and provide the
instructor a written list of the team
members, designating the team leader, the
individual with basic familiarity with
computer procedures, and a tist of three
topics you propose for research. One of
these topics, 1f deemed suitable, will be
1f none of the
first three is considered suitable, the
team will be required to submit & second
slate of three topics." (This requirement
was never invoked, although the instructor
was asked by members of several teams, "Why
did you approve that topic? 1t wasan't the
oneg we really wanted; we just added it on
to maet your requirement for three topics."
The respomse: ™1t was the only one on
your slate which had any ‘meat', the others
were lightwelghts which would not heve
presented any challenge to you.")

By the second class neeting, eight teams
were organized and moving out smartly; the
reumaining seven students wasted their firet
four class meetings fighting the problew
but none dropped the course.

A sample milestone chart and work plan
were distributed the first day of claas;
teams were advised the next requirements
after approval of their resesrch topic
were successive submission of an hypothesis,
work plan, milestone chart, and question-
naire(s) to elicit data appropriate to
determine whether the hypothesis could be
supported or rejected.

RESFONSE: CONDUCT OF THE COURSE

One may wonder, at thie point, what need
is there for computer support or what com-
puter application exieste? After topic ap-
proval specified questiounaire(s) would be
administered to a raundom sample of not lesas
than one hundred nor more than five hun-
dred respondents.

Each tean was iseued (and acknowledgement
made by signature of a student team member)
a folder containing selected extracts from
the SPSS manual describing the options
and statistics available for SPSS proce-
dures CONDESCRLPTLVE, CROSSTABS, FRE-
QUENC1ES, PEARSON CORR, and SCATTERGRAM,
and & dats binder containing an unexploded
printout of a progras operating on a
sample of five with such data 3s last four
numbers of social security account number,
age, height, weight, shoe #lze, color of
hair, and color of eyes. These data items,
admittedly remote form woet business appli-
cation, were selected primarily both to
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demonstrate ssmple SPSS capabilities and
to challenge the students to define ana-
logous application to their project.

For further reference, two copies of
the .PSS manual (5) were available: one
chained to the countar in the computer
center where card decks are turned in for
batch processingi the other, the instrue-
tor's personel copy. (A third copy,
recommendad for purchase by the lnstitute
library as & resarve reference,
was not yet available at this writing.)
The instructor (along with his SPSS
wanual) was also available to team members
as a resource personfadvisor.

The projects moved forward. Most
clagees were split between rather cursory
lecture coverage of the assigned text and
substantial time for team work and con-
sulation with the inetructor as required.
Many questions arose, moat of which were
anawered in the Socratic manner or by T
spacific reference to assigned coverage
in the text. "Be of good cheer and read
ahesd.” Needless to say, these techniques
roused subatantial complaint from some of
the claas.

Sampling of the approved student topics
ie included in the appendix co this paper.
One common complaint concarning these
topice took the general form, "What does
this have to do with market research and
analyeis?™ The reply was standard: "The
thrust of this course is precisely that
of market research and analysis; while
we are not attempting to ace the Hielaen
ratings, or ascertain the marketability
of 0l1d Tanuis Shos Bourbon, you are exer-
cising the techniques that would be ap-
plied in either of those two or a multi-
tude of other examples."

STUDENT PROBLEMS

One gubstantial inhibiting circumstance
in an otherwise orderly progression of
learning by doing wae the delayed dis-
tribution of the sample SPSS program by
the inatructor to each team. (He had his
own problens in debugging what should have
been a relatively simple, straight-forward
program, owing £o his lack of familiarity
with job control language (JCL) and the
evolutionary progression of SPSS from
Version 6.0, which he had last usad aix
years ago, to the current Version H.8.0)

As the semaster moved forward, and the
milastons for submission of completed
reports approached, the inatructor received
succeseive feelers and ultimately almost
frantic pleas to delay submission of the
report. Although time was not avallable
to do other than adhare to the schedule,
a8 a small encouragedeut the teams were
advised that chioce of date and order of
presentation would be available to the
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teams 1in order of thelr report gsubmission:
the first team would choose filret, second,
third, position on any of the three days;
the last team would have no cholce.

Several teams complained, with apparent
Justification, sbout a severe imbalance
of work; some team members were obvliously
not pulling thelr ghare of the workload.
Since 1t had been emphasized that the same
report grade would accrue t¢ each teanm
member, concern was expresséed about the
apparent injustice of the workers sud-
sldizing the drones. $So, peer ratings
were required of all members of each tean.
These were complled, reviewad, and, after
consultation with a colleague more ex-
perienced than the author in personnel
testing and mensuration, appropriately
welghted before.incorporation in the final
course srade. f n additlon to the report,
four graded exercilses highlighting appli-
catlon of text material wera administered
during the tarm.)

Immadlately after submlitting each re-
port, 1t was comprehensively and severely
reviewed- by the lnstructor, as 1f it were
the flrar draft of a professlonal report.
The following day, the report was re-
turped to the team leader, and after his
persual, was dlacussed at length with him
and selected members of hies team., It was
emphasized to each team that their oral
presentation would provide an opportunity
to recoup some of the cuts guffered on the
written report,

Several teams wanted to revise and re~-
sudbmit the written rapoxt, but this com~
mendable response was rejected because the

lessons learned from the severely criticized

original report might be dulled. The
praparation of oral reports would be in-
hibited, and such a requirement would

place an inordinate burden upon the students

at a time when preparation for final ex-
aginations should make major demands on
thelr availladble time.

FINAL ASSESSMENT AND LESSONS LEARNED

wag successfully (albelt rather painfully,
for some studenta) completed, he learned
some lessons which should significantcly
improve his eecond and subseguent conduct
of the course.

First, completion of “Computer Concepts
in Bueineas” ghould be a prerequisite to
Business 428, This requirement would tend
to even the student workload, since each
tean member would have some experlence in
keypunching program/data cards; and would
be able to particlipate more fully in pre-
paratlon of basic data for machine compu~-
tatlon.

Second, although Lehwmann {2) provides

ERIC |

Aruitoxt provided by Eic:

Although the author considers that Busi-
neas 428-01, "Marketr Reagearch and Analysis",

a comprehensive review of elamentary sta-
tistics as an appendix to one chapter,
the statlstics course required in all
undexgraduate sequences ln buslness at

HI ahould be a prereguisite to Business
428, This requiremeant would eliminate
the tendency of some students to call up
unpneceassary statlstlical routines and fall
to call up some useful routines.

Third, $PS$S 18 a valuable research tool
which all undergraduate students in busi-
negs should learn to use, This limited
application in "Market Research and Ana-
lysis'" at Hamptor Institute 1s the first
step 1o that direction: 1t 1s a required
course for all undergraduate marketing
majora.

o
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APPENDIX:

APPROVED RESEARCH TOPICS FOR

BUSINESS 428

Tean

1

ERIC

Subject

What effect does the Hampton Institute
population have on gross sales of
stores ln the Coliseum Mall?

Declaration of majors:
the majors we do

Why we choose

Food addirives 2and preservatives
Salt II Treaty
Gas rationing program jin the area

Trade 8choel jis a2 good alternative
£o college

Hawpton Institute's intended growth

How future computerized purchase
will sffect conpumers and industry

Social Security
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SHORT-RUN PORECASTING
OF THE U.S. ECONOMY

William R. Bowman
Economics Department
U.S. Naval Academy
Annapolis, Maryland

{301-267-3156)

OBJECTIVE

The work of professionzl economists
most often used by government officials
and private businessmen lies within the
realm of macro-economic forecasting.

Thie art., however; is rarely acguired by
students of economics due to the expense
of developing large-scale aconometric
modals of the economy and the high level
of gtatistical knowledge prasumed to be
aAecaeseary in macro-economic madeling.

In responee to this void, a research
seninar in economice at thae *.S. Naval
Academy has been designed to offer under-
graduate stutents a chance to build
inexpensive, simplified forecasting
modela. These models are based upon
aconomic theories., or extensions of
theorias, learned in previous courses.
They are derived with limited know-
ledge of few, but zowerful, statistical
techniques rarely encounterad by under~
graduates. As part of a clags exercise,
each student develops one sector of a
macro~economic model. Theee sectors then
become integrated into a simplified modal
of Grosg National Product (GNP) and
inflation (as measured by the GNP
implicit price deflator).

BACKGROUND

The art of forecasting tae aeconomy
combines intuitive judgments with
computer~based statietical models of
aggregate spending behavior. The goal of
these models is quite heroic, to say the
least; one must model the decisions of
groups of millions of individualg in tb»
market place. These individual decisions,
when aggregated, determine the level.of

e . prOduction, -as well as the aggragate

price lavel of all goods and saervices
produced.

The uses of macro-accacmic forecaats
have been widespread. They are used by
govurnhent policymakers when evaluating

alternative fiscal and monetary proposals.
and by private individuals when evalua~
ting expectad econcmic growth rates and
inflation within defined sub-sectors of
the ecancmy. The number of the more well
known large-scale models is limited to a
handful, however. due to the encrmous
cost of building and maintaining the
computer-based models. Some mudels, like
the Data Rasources Inc. (DRI) model., have
as many ag 200 stochastic equations and
over 350 endogenocuds variables.

As indicated above, these cost consid-
arations also limit how undergraduate
schools teach this important aspect of
aconomics.
is taught, it is often done by having the
student merely manipulate previously
develobed models. That is, they may plug
in a hypothetical value for a chosen
policy variable (say the corporation
income tax rate) and obeerve the model's
predicted effacts on the aggregate econ-
omy. While this approach teaches stu-
dents the eensitivity of economic sectors
to public policy, it tells them nothing
ahout the assumptione behind the model of
the structure of the equations used in
the modal.

METRODOLOGY
Tha me gy used for introducing

the student to the art of forecasting is
basically one of learning-by-deing. The
student is first givg an introduction to
ragrasgsion analysiaﬁ The theory bshind
the statistical procedure is discussed
only with regard to the assumptions one
must make when using regression analysis.
(Formulae are not proven since the stu-
dent is c¢onsidered a user.)

Computers make it eazey ~- and fun --
for the student t¢ do regression analysis
from the very beginning of the class.
Simple time-series practice data files

If macro-economic forecasting .




Q

are created and stored. ese filet 2
""accessed and analyzed with the regression

These files are

package Time Series Processor (TSP) that
was originally written at Harvard and
later modified at Dartmouth to run on a
time-sharing basis.

The control statements used to execute
the program are quickly and easily
learned. Students may print ou*t their
data base in easily readable format, com-
pute correlation matrices, and run pre-
liminary regressions with simple control
statements. (See Table 1 of Appendix A.)
More advanced techniques made necessary
by the problem of autocorrelated error
terms can als¢e be taught to the student
with the TSP package. Date transforma-
tions such as discrete lags, logarithms,
and first differences are easily com-
puted. Their effects on the predictive
power and autocorrelation can be observed
by comparing the model results using
transformed data with those of the pre-
liminary regressions.

More advanced transformations, i?clud-
ing the Cochrane-Orcutt procedure(2) and
the Almon Polynomial Distributed Lag
{ppL) (3}, are then presented and used.
The latter transformations are ugually
considered to be beyond the realm of under-
graduate students; however, the
learning-by-doing approach (made avail-
able by the TSP package) makes their use
both possible and highly instructive.
{See Table 2 of Appendix A for the con-
trol statements used for some of these
data transformations.)

Model Design
With the statistical knowledge

acquired through doing regressions on the
practice data files, the student builds
a gimple regression model [Ordinary Least
Squares (0LS) or Two Stage Least Squares
(TSLS)] for a selected part of the

larger macro model. The choice of
explanatory variables is based upon
economic theories discussed earlier in
the research paper. The quaxterly data
base used to analyze each student's model
is the Department of Commerce's data bank
used in its Pureau of Economic Analysis
(BEA) gquarterly model. This data base
consists Of nearly 750 variables and
transformations of these variables that
may be used as endognecus and excgenous
variables. Thus, it provides (at the
time of this writing) the student with an
exhauvstive source of quarterly time
series information for the period of
1949:1 through 1979:3.

The student gelects independent vari-~
ables that are deemed appropriate for the
theory he hag developed previously and
creates mass storage data files for easy

ERIC
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access. Much effort isg then taken to
derive a simple model whose explanatory
variables have the expected sign and are
statistically significant. {See the
*estimated coefficient” and "t-statistic"
for the explanatory variables in Table 1
of Appendix B.)

In addition, the student must work to
obtain the best over-all fit of the data
and minimize the degree of autocorrela-
tion. (See the "adjusted R squared" and
the "Dublin-Wataon statistic" of Table 1
in Appendix B.) This process usually
involves strong trade-offs between the
latter two statistics and provides the
student with a real world sense of fore-
casting problems rarely encountered by
economic majors.

After numerous gtructural changes of
the model, the student selects that model
which most closely achieves two objec-
tives. Pirst, the model should have a
high degree of explanatory power over the
historical data period; second, its fore-
cast errors should be minimized. The
latter is diagnosed by dividing the his-
torical data intc a sample period and a
forecast test period. The model is then
used t¢ generate predicted values of the
dependent variable that may be compared
with the actual values. This process is
especially important during established
turning points of specific cycles for
variables classified as “ecyclical.®
(See the actual, predicted, and forecast
values of a selected variable in Table 2
of Appendix B.)

The Forecast

Once the structure of the model is
chosen, the student uses his best judgment
of the values of the exogenous variables
during the forecast pericd. This period
is defined in the short~run, for example
1979:4 through 1980:4, to minimize fore-
cast errors. These values are selected
based upon expectations of professional
economists and business leaders concerned
with macro~economic forecasting as
reported in recent issuiz of numerous
journals and magazines. )

The student then plugs these expected
values, or a range of values, into his
model to¢ produce “conditional ex ante
forecasts.” These forecasts may be
altered if student expectations cast
doubt upon the likelihood of the model's
results, i.e.. the "judgmental forecasts.
I+ is in this last phase that the student
comes to appretiate the limits of
computer-based modeling and the impor-
tance of pereonal, informed judgment,
common to all large~scale forecasting
models.
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Onee each student's structural model

~-and forecast have bLeen completed;-the

forecast of GNP and inflation is done by
using a reduced form model with the exog-
enous variables and predetermined endog-
anous variables used in each student's
own structural model., Thig step permits
each student to discuss his research pro-
ject with Lther clasg mewmbers, while pro-
viding each with an awareness of the
inter-relatedness of their work.

CONCLUSION

By the end ¢f the semester each stu-
dent has pscome fully immersed in a
highly technical research topic. Each
has related previously learned economic
theories to empirical model huilding
using regression analysis on time seriea
data. With the aid of the T5P software
and the college's computer hardware, each
student has acquired a sense of accom-
plishment rarely experienced at the
undergraduate level. The blend of“eco-
nomi¢ theory and computer-based techni-
cal analysis often opens the eyes of
undergraduate majors to a whole hew
world of excitement in learning.

POOTNOTES

{l) Cochrane, D. and G. Orcutt.
"application of Least-Squares Regressions
to Relationships Containing Auto-
Correlated Error Terms,“ Journal of
American Statistical Assoclation, Vel.d4

¢« PP. 32-61. ee e 3 of
Appendix B for an example of the
Cochrane-Orcutt adjustment factor.}

{2) Almon., S., "The bDistributed Lag
Betwean Capital Appropriations and Expen-
ditures,* Econometrica, Vol. 30 {1965},
pp. 178-9¢. (See Table 4 of Appendix B
for an example of the Almon Distributed
lag coefficient )

{3) The text used in the course is:
Chisholm, R., and . G. Whitaker. Fore-
casting Methods. Homewood: R. B. Irwin.
L PR

{4) Three gources of informatiovn are
wost often used: (1} Federal Resarve
Bank publications (e.y. St. Louis's
Review: New.York's Quarterly Review, and
Boston's New Bnmmmw! and large
commercial pank publications (e.9g.
Citibank's Monthly Econcmic Letter, Chase
Manhattan Bank's Business Ln Brief and
International Finance, a

gan
----Guaranty's- Morgan- Guaranty -5 )3 (2)

national business magazines (e.d.
Business Week, Forbes, and Fortune);
3) newspapers (e.g., New York Times

and the wall Street Journall.
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HYPERTEXT « A GENERAL PURPOSE EDUCATIONAL COMPUTER TOOL

Darrell L. Ward
North Texas State University

Steve Bush
The University of Texas Health Science Center at Dallus

The Hypertext computer system is described in this paper. Although its applications are varied, the
major emphasis here is the use of this system in the sducational environment. The major features

as visible to the studunt and instructor are developed. Por the instructor, these features include
the use of Hypertext as an organization and lacture pressntation tool. For the student, Hypertext
provides a model of information that mirrors a library yet permits a computer-assisted instruction
approach as information is perused.

INTRODUCTION

HBypertext, as an information organizing fa- and the studeat. Section 2 will describe the
cility, wae flrst described in 1970 (1). The model of inZormation that Hypertext presents to
major emphasis of this paper will be the yge of its users.Section 3 will introduce the instruct-
Hypertext in an educational setting. Hyper~ or’s use of Bypartext in creating lscture mater-
text has been implemented at The University ials, preyenting information in the clasarcom in-
of Texas Health Sclence Center at Dallas teracting with students, and maintaining currept
and 13 currently being usad within the Medical materials in the subject areas. Section 4 wiff
Computer Science Department at that facility. demonstrate the student's use of Hypertaxt. This
The implementation detalls of this system section will describe the environment with respect
will not be described, though it is appro- to one course, although general yse by the student
priate 4o describe the computing environ- could benefit the total educational psacase.
ment within which Bypertext now functions. Finally, section 5 wi’l summarize the ideas pre-

Hypertext operates on a highly reliable, sented and dascribes areas of further research
dual processcr Tandem-l6 minlcomputsr system. uysing the Hypertext tool.
The Tandew=16 was designed to satiasfy criti-
cal computing functicns; thus the architec- MOUEL OF THE HYPERTEXT ENVIRORMENT
ture reflects the design criteria with a -
high degree of redundancy. Tha total sys- The basic unit of information in Hypertext is
tem philosophy is to run nom-stop and, in a pager the user is provided an environment of
fact, -a-single hardware failure does not pages and relationships among those pages. Bach
crash the s¥stem or contaminats the data in page in Hypertext is owned by an individual from
any way (2¥. %he implemantatiocn language the comeunity of users and may bedeclared private,

_is TAL {Tandem Application Language), a .preventin; other users from reviewing its con-

block-gtructured, ALGOL-like language, The tents. However, the philosophy of Hypertext is to
Tandew=16 1s capasble of supporting page-mode provide an envircmment of information eharing:
texminals, which permit user interactions to thus typleally most Pages are public. accessible
occcur on pages of dsta, mich like pages of books. to the community of users.

with the above as background, the remain- Bach Hypartext user enters the system
der of the papsr will addross the way Hypertext through & page designated as the top page or
pressnts information to both the instructor entry page. When tha ussr 18 identified to

LRIC ® 90
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Hypertext and verified at a valid user, the top
-page-of that uger is-immediately presented to him.
The user is then in command mode and may:

1) edit information on the current page.

2) view another page via a menu selection for-
mat available on tha curzent page.

3) view another page via an ‘mplicit relation-
ship batween the current page and the "next" page.

4) view another page by explicitly naming the
page of concern.

5) establish a new page and formalize a rela-
tionship between the new page and the current page.

6) establish a relationship between the cur~
rent page and soms othsr already axisting page.
The above operations are by no means exhaustive,
but identify some of the major functions that re-
late to the educational use of Hypertext.

RELATIOWSHIPS AMONG PAGES IN HYPERTEXT

Each page within the Hypartext system is giv-
en a wniqué page number that is available for dis-
play along with the informational contents of the
page. This system-assigned number is an explicit
method of estabiishing inter-page relationships.
Any page czn Le created or altered to point to

{1} Tings to o

—

e
Things to do

1

prepare ChbOL vxam
30 pex. meeting
Brade FORTRX cvam
o red DS arelete

o weare on SIH peoposa
o work on DANS lectute
noLos

o
v {3} Course macce

Page

—ae2 poTS

{2) Qyurwe rostare

1ale

23

another page by inserting a "HYPERJUMP" to that
page number. Ay nunber of pages may bu related’
to a particular page by linking them in the above
described manner. Tha Hypertext system imple-
ments the linking by providing the user a2 numeric
gelection menu of pages (numbered sequentially
from 1) which are accessible fyom the current
page, permitting the user to murely select the
page of interest by depressing the appropriate
numeric key.

The above environment of pages is illustrated
in the following example representing one user's
top page and its set of possible relationships
with other pages. ({See figure 1 for a graphic
model of the example.} In this example the top
page provides for the gelection of one of three
other pages. The other pages includes .

1) a page containing "things to do® with no
additional relationships.

. '2) a page containing the current classes
taught by the instructor {e.g. FORTRAN, COBOL.
ete.) and additional access to the rosters of
sach of those classes.

7

o eall J. Sulth this

ek 58 .

p-
Covese roatges
{1} FORTRAN

(2} conoL

{3) Structured Peos.

page 27 )

Class muterials

(1) FORTRAN
(2) cosoL
{3} Struceured Prog.
{4) DaNS

| (5} Op. Sys.

Sew fifure tb for
FORTRAN close matecisla

page 64 ]

[ FORTRAN class roscar | COBOL clsyn voRvay [ Structceted Prof.
clase TOdtec
Ed Wiltiams " { Saw Jones
Hiltiam Jones JILL Smith o
Shlrl:r Ball Shlrl:y Bell roatet
F H yat
Jaff Bayd Jatry ¥novles e 4
- page 98 pats 73 L rige M

Pigqure la. An example Hypertext organization for an imstructor

Q
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e e o .3}, @_page._containing courses already_develop-
ed in Hypertext and the capability to access the
index of each course via the mem: gelection pro-
ceps. Each course {only the FORTRAM cotrse is
illustrated) will consist of pages linked together
with the possibility of many routes through the
course materials depending on the wvser's responses,

TRAVERSING PAGES IN HYPERTEXT

- Hypertext offers its users a variety of op-
tions for traversing its pages. This section
will aot attempt to describe all the options but
will try to convey the atmesphere offered by Hy-
pertext. There are several sids available to the
users as they peruse RHypertaxt, including:

1) the ability to retrace pages already
visited,

2) the ability to place lapdmarks {either in
A temporary mode or permanent mode) on pages so
that the user can directly return to 2 visited
page of interest.

3) the ability to proceed forward through
pages.
The traversal of pages can be illustrated via the
previous exampls (the instructor's Hypertext),
Consider a typical set of operations that an
instructor might wish to accomplish:

1) add "grade COBOL exam” to the list of
things to do.

2) drop "EQ Jones" from the roster of the
PORTRAN class.

3) review the PORTRAN lecture material that
will be presented in clase the next day.
We will assume the user has successfully logged
onto the Hypertext system and is curreantly
positioned at the top page.

To accomplish 1:
-select the "things vo do page” by depressing
1

~indicate the desire to edit the pags (EDIT
command}

-alter the page to reflect the added jitem
{grada COBOL exar)

-back up 1 page {now positioned at the top
page}

To accomplish 2:
~gelect the "Classes” page by depresseing 2
-g:;a:t the "FORTRAN clasg" page by depress-
=indicate the desire to edit the page
=-alter the page by delating the line contain-
ing B4 Jones
=back vp 1 landmark {the top page im an im-
plicit landmark, thus we atre now heck to the

S

“top paye

To accomplish 3:
=galact the "Courses™ page by depreasing 3
-gelect the "FORTRAM course” page by depress~
ing 1

ERIC
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~review the index, select the appropriate. . . .. .. ...
topic of the lecture and depress that Key
~raview the pages of the lecturs cne at a

time, altering the contents of any pages as

desired and selecting the next page by de-

pressing the RETURN key or function key 16

{the last page of the topic normally points

to the index page)
-return to the entry page by going back 1

landoark

As the instructor peruges the lecture contents,
there is ample opportunity to thoroughly test out
all branching situations (via the back page funec-
tion) and to alter any text that has changed or is
incoxrect. Also, the instructor can quite easily
construct additional materials and link those at
the appropriate point while traversing the course
materials.

THE INSTRUCTOR ENVIRONMENT

The previous section hinted at some of the
facilities available to individual instructors.
This section will explore those aspects related
directly to the teaching function and how Hyper-
text cap assist that function in most instances.
Previous work has shown the delete utility sdvan-
tages of incorporating the computer into the pre-
paration and delivery of course matsrials (3).

The current Hypertext system significantly extenda
the previous work by providing the following
additional functions:

1} the ability to traverse course materials
in a very flexible manner{landmarks, backing up,
skipping, etc.),

2) the facility for embedding, within a page,
a call to an external program thus providing for
an open ended System with respect to simulations.
demonstrations, etc.

3) a dynamic, easy to use organization tool
for creating and maintaining course materials.

4) a framework for combining materials to be
presanted in class with CAI materials to be taken
by the student outside of the classroom.

The flexible approach toward visiting pages
within the system allows the instructor to create
course materials that suffice both for in~class
presentation and for self~paced instruction., It
permits the f{nstructor to include additional
material based on the response of the class., It
alse allows the instructor to leave more detailed
explanations, examples, and problems for the
students to discover on their own outside of class.

Ag un example of the above consider the pages
of information shown in figure 2, a short sagment
of & PORTRAN course with branching Posgibilities.
In an in-class Pressntaticnr the instructor can
requeat, from the claas, responses to' the question
contained in page 200, It may bg apparent that
the majority of the class understapds the concapt;
thus the ingtructor can select to disregard fol-
low-up of the question and go directly to tha next
block of materials to be presented, beginning at

33
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page 204, However, there may very well Le some
students that do not underatand the question and
interactions that transpired and do not stop the
instructor to request additional informatiom.
This segment of the population could turn to the
CAT mode of Hypertext and review the TUestion on
their own.

Finally, from the instcuctor perspective, a
highly reliable computing system is essential.
S0 far, the experience with Hypertext has heen
quite good: there have been no aystem crashes
duriug the approximately 60 hours of in-class
presentations given to date.

STUDENT ENVIROWMENT

Agaiu, earlier work describing the class-
room use of computers and student benefity
apply in full to the Hypertext system (3).
Briefly, thess include:
e e - 1)_no_requirement for extensive note taking.
2) & clear, consisteut preusentation medium,
3) an cutside of class CAI facility for re-
view of tha in-class materials.
With Hypertext, as pointed out above, the funo-
tions available to the instructor are signifivant-
ly extended., The student profits as well, as

ERIC
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Pigure 2, Typical text in an instructional seqmwent

Hypertext allows him to access information the
instructor has created in a friendly: reliable,
and flexible mapner. Although the student does
not have the capability to alter this information:
he may get & hard copy of any pages that are
reviewed., Of course; the instructor may permit
the student the ability to create pages. For
example: coupider figure 3 as a possible student
view of Hypertext. The top Page permita the
student to organize each individual course of
interest withiu Hypertext as well as his total
educatioual environment. The student uae of such
a facility, with easy access to a reliable com-
puting resource: would indsed promote a Creative
and exciting euvironment.

SUMMARY

Hypertext, ap a tool to assist the presen-
tation of information both in and out of claes:
has been presented. An overview of.the Hyper- | o
text environment, as well as its uses from koth
the instructor and student vantage point, has
been described,
Use of the computer in the clasarcom has
heen slow to develop due to the lack of support-
ing softwara and hardware. A reliable Computing
system with a creative environmeut Such ae
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TJop_pare

{1} Things to du
12} Cutromt <ourscs

€3)  Homework aesipgn.

{4) Acquaintances

Upeonilng exans

Curtunt couragd page
(one pointer €0 cach
course)

Homework ssglgnmencs
Pige

Plgure 3,

Hypertext should facilitate the use of computers
to assist the sducational Processes, Sotte areas,
notably the rellabllity and intexface, have been
extanded from earlier work {3); however, thers
ramain some exiating areas for future research.
The ability to Provide a user-orilented graphic
facility embedded within a system such aa Hyper-
text is an outstanding problem. Alao, the ability
to Provide quality widec display for a large
avdience requirea additional work.
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A DYNAMIC PROCESS IN TEACHING TECHNIQUES
by
Jamil E. Eftarah, Fb.D.
INFORMATICS INC. -
21050 Vanowen Street
Cawoga Park, Califoraia 91304
213 1’71

ABSTRACT

Programs to teach people how to use computer
products Chardware and software) often do not meet the
needs of the diverse audience of users. The needs of one
group may vary considerably from the needs of another, A
lag exists between the hydra.like growth of the computer
hardware and software industry, and the technology for
tesching customers. This paper describes a practical
tesching technique which has proved successful at
Informatics Inc.

“Teaching designs are based on identificd procedures.
‘This approach is represented by a network of relationships
and interactions.. The process siarts with recognizing the
audience segments for whom the courses should be
developed, specifying their learning objectives, and
planning a design customized to user needs. Brainstorming
for ideas and selecting the most relevant comes next, After
the form of presentation is drafted, at least two dry runs
are conducted before representative audiences. Fesdback
is coliected, analyzed, and evaluated; results are integrated
into the evolving course, A field test at a customer site is
the next step; more feedback is collected, analyzed, and
evaluated, Finally, the validated responses mre integrated
into the courseware to produce a tested and useful
educationat program.

INTRODUCTION
Helping customers learn how {0 use software
products is an important element in the design of those
products. Some customers need technical traiving to
install, implement, and support a product a¢ their facility:
others need to learn to use the product for reporting or
dats. Meeting those meeds is the job of

processing data, Meeting those Do
education development specialists In the Product

Communications Group of Informatics Ine.

The Product Communications Group is a part of
Technical Product Support; it includes technical writers,
edltors, graphics designers, and education developess,
These communications specialists work together to
documeat software products and to design courses for

,

training customers, Their work begins ecarly in the design
of the product; software documentation and their teaching
techniques are considered integral parts of the
product package,

During the creation of learning activities at
Informatics, the education development specialist is
invoived in a set of relationships and interactions that can
best be illustrated as a network. This network design
includes a systematic process for seeking relevant
information to improve both course designs and teaching
techniques. Figure 1 represents this process of eontinuous
interactions and decision making,

-y

IDENTIFYING THE USERS

In the computer industry, hardware or software
products are manufactured to meet the needs of a wide
spectrumn of users. The first step in teaching techniques is
to identify the gudience segments of this spectrum — the
people for whom the courses should be developed. For
most practical purposes, two major audience segments,
the end users and the technical support personnel, can
be defined:

1. The End User Audience. This segment of users
usually includes managers, clerical personnel,
and casual programmers. The end users are, in
general, not a data processing-otiented group
because their primary interest i8 in  their
particular job; data processing is onfy a means to
some other end. )

2. The Technical Support Audience. This segment
includes the support personnel, mainly data base
administrators (DBAs), system designers, system
programmers,-and application programmers.

Depending on the level of complexity of the pfoduct, a
plan should be developed for subdividing each audience
segment into smaller segments with users of similar
backgrounds and job requirements.
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THE DYNAMIC CYCLE OF
EDUCATION DEVELOPMENT

37




[ Sp———

- IDENTIFYING USERS’ LEARNING OBJECTIVES

'The second step is to identify the learning objectives
which reflect the needs of each audience segment. For the
two major groups of users, two sets of objectives
are jdentified. '

The end users need (o know how the product can be
used to their benefit and how to obtain the information
which answers job-related questions and solves their
problems, The following se¢ of learning objectives might
be developed to reflect end users® needs:

®  To obtain job-related information.

.. ._To acquire & basic level of skills essential to the
use of the product.

* To explore and identify the capabilities of the
product for solving problems.

The technical audience needs to know how to solve
more complex problems — how (o keep the product
running efficiently, maximizing the benmefits to their
organization. The learning objectives developed for the
technical support personnel might be represented by
the following:

* To understand the difficult concepts and
procedures which czal with the activities
associated with the product.

* To explain and, where necessary, customize the
product to meet the end users’ needs.

* To identify the specific security requirements and
the constraints that can be imposed upon the user
for efficiency or security purposes.

PREPARING THE DESIGN PLAN

The educational courses are developed to satisfy the
learning objectives which reflect the needs of the identified
users. The procedures start with gathering information.
The education development specialist interviews a diverse
crose-section of specialized personnel; they contribute
ideas and techniques relevant to course development,
which might shape the product learning process, People’s
contributions are based on personal experiences in the
field during interaction with similac ysers or onideas from
published sources, or they are gathered from colleagues.

The next procedure is analysis to find out how to fit
together the collected ideas, how to Jook for the simplest
and most relevant approaches to be used in presenting the
capabilities of the product to the users, and how fo
produce a design covering all of the important and
practical aspects of the product. Once the overall design

. plan iz established, skills needed {0 accomplish each

objective are specified and written down to form the basis
{for group discussion. In industry, they refer o this group
a8 the document specification review committee. The
commictee members are representatives of the same
groups who contributed ideas, They are called to review
and comment on the design plan and the proposed
specifications. As a resylt of the document specification
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review committee meeting, the education specialist revises

the form atd content of the evolving course and rebuilds it
into a coherent design.

COURSE MEDIA

The media used in teaching are generally: handouts,
overhead projector transparenciess the board, and the
instructor’s guide. This guide should be prepared carefully
to provide consistent instruction. Wall charts are also
important course media; they are developed for
continuous reference during class session. Examples of

wall_charts used for. IM3/VS.environment data structure -

are shown in Figures 2 and 3. Figure 2 is intended for the
technical group who normally looks at a hierarchical
structure of logical statements from top to bottom.
Figure 3 is intended for the engd users, presenting the same
concept in an approach that deals with building a
relationship within & framework of reference, a readable
left-to-right flow.

TIME AND PLACE CONSIDERATIONS

Time and place must be considered in course
development techniques. The duration of the course, when
in tbe sales/installation cycle it will be taughts and where it
will be taught all affect the design of the course, The
education speciafist has to ask some questions about
timing: Is the class needed before the installation of the
product? If so, this may give the technical group an
opportunity {0 become aware of what is expected during
the installation procedures. Should it be taught during
installation? When does the end user need the
information? The education developer also has to consider
location: Where will the course be taught? Will students
have access (o terminals? Will actual data bases be used
for examples? The choice of customer site or a regional
office has impact jn these areas, These decisions are made
by product management, marketing, and product
communications after considering both technical and
marketing needs.

IMPROVING AND EVALUATING THE COURSE

The process of cousse development staris with laying
out a preliminary design resulting from selected ideas and
committee discussion. To improve tbe course, dry runs are
conducted before an gudience tepresentative of the group
for whom the coursewsre is being developed, These dry
runs help determine the effectiveness of the instruction,
which is measured by the feedback collected after each dry
run. Changes to the course are introduced, and the course
is retested in another dry run before a new audience; more
feedback is collected, evaluated, and compared to the
results collected from eariier tests, This comparison
measures the degree of improvement,

—
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- PLANT . SKILL .-
- PLANT.ID SKILL.CODE
PLANT.NAME SKILL.NAME
PLANT PLANT PHOME SKiLL
PLANT.REGION
PROO.CODE" EMP.NO" PLANT.ID®
PROD.DESC EMP.NAME
PRCD.OTY
SAL.YEAR® En.YEAR" EmPNO"
SAL.YTD ED.DEGREE
SAL SAL.DED €& ED.SCHOOL Emp
sug.NAME"
sUB SUB.GRADE
* DENOTES SEGMENT KEY FIELDS
Figure 2
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BUILDING A FRAMEWORK
{defining relationships)

nE
PRODUCT § se0. AMT

SAL.YEAR
SALARY }SALYTD
SAL.DED

ED.YEAR

EDUCATION { EDDEGREE
ED.SCHOOL
SUBJECT TAKEN
%.m
SKILL —— PLANT EMP ’
St CODE FLANT.D EMP.NO
SKILL.. NAME

Figure 3
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VALIDATING AND INTEGKATING THE
INSTRUCTIONAL DESIGN

In industry, product communications group should mot
relense the course to the field before a field test at a
customer’s location. After teaching the course to the
intended audience at a customer site, the developer and
course instructor collect written and oral comments that
aid the developer in determining the degree of success in
achieving the identified objentives for the course. The field
test jtself indicates that the minimum evaluation effort in
producing a product learning activity is accomplished.
Responses produced from the field test reflect the attitudes
and feelings of the users 10 the course learning materials.
In the process of validation, some of these responses are
considered very useful 1o field insiructors and are
integrated in the instructor’s guide to assure that field
instructors are aware of users’ expectations. Other
responses may lead to the elimination of misconceptions in
the course presentation, These changes are made before
the Jinal release of the iearning document; however, no
attempt is made to customize the instructional activities to
every individual customer’s needs. Examples are set to a
typical and general application familiar to users. These
examples can be modified, based on users’ feedback, to
become more realistic in the final touches for refining the
courseware product,

SUMMARY

In summary, the instructional design tschnique that
produces a successful learning activity should follow
these criteria:

1. The learning activity or class materiat is designed
to achieve specific learning objectives. Mainly,
these objectives are to impart the knowledge of
the product capabilities to the uséis and to enabje
them to use the product efficiently.

2. The learning activity is designed to offer
replicable instruction, that is, instruction that
can be taught in the field setting by any of the
field instructors. The instructor’s manual serves
a3 & guideline 1o assure consistent instruction.

3. The learning astivity is designed so0 its
effectiveness can be tested and demonstrated.
Typical problems, based on uscr needs, should
be solved in class. Hands-on practical
application of what has been learned should also
be provided.

I LUSION

+  are products and their instructional activities
should be developed to work for the users® benefit. Users
are encouraged to be a part of this dynamic process of
education development. Their feedback is needed it order
10 learn hiow the product and its learning process can be
made 10 work better.

Product educ. .ion development techniques and the
evaluation cycle have no time iimit. They start with
brainstorming but never end as long as the users are active
in monitoring the product and its educational programs to
service their Job-related needs. °

Y

-




E

Tools and Techniques for Instruction 31

CONSIDERATIONS AND GUIDELINES FOR DEVELOPING
BASIC SKILLS CURRICULUM FOR USE WITH MICRO-
COMPUTER TECHNOLOGY

Robert M., Caldwell
Division of Education:! Stiudles
Southern Methodist Unilversity
Dzllas, Texas 75275
{214) 692-2347

The availabli. * of low cost micro-
computer technology is creating a revolu-

tion 1n eduycation. Iastlitutions of gll
types can now take advantage of the many
benefits offered by computer-hased educa~-
tion at a cost that 18 easlly affordable
for most. In addition, advanced micro-
processor technologles interfaced with a
wide range of audio-visual devioces in just
a few months have increased the ospablli-
ties of mioros to include ceolor, graphles,
apimation, and music and speech reproduc-
tion. In short, microcomputers have made
avallable an extremsly fléxible and power-
ful teaohing medium at a prioe that is
tinally cost-effective for most users.

In response to this growlng interest
in the uyse of miorocomputers in instruo-
tion, several major publishers currently
offer limited curricula in basic skills
for delivery on microcomputers. A pum—
ber of school districts such as the Dallas
Independent School Disiriot aftd those dis~
tricts affiliasted with the Minnesota
Eduoational Computing Consortium also have
develogped materials whioh cover & varlety
of skill areas. Pecause of the signifi-
cant expenditures assoclated with develop-
ing these programs, however, most of them
are limited in scope and employ a rather
narrow range of teaching sirategies and
mechine capahilities. In addition, few
of the individuals ourrently engaged in
instruotional develr =it have had much
experience in using dghly intersctive
mediun like the mic  omputer. As a re-
sult, much of what passes for courseware
today nelther helps to develop higher
level cognitive skills nor challenges
learners to yse higher order learning
gtrategies. Most lessons utilize @ drill
and practice format in whi:h the: computer
asks & Question snd requires the student
to respond. Hany so oalled tutorial pro-
grams are no lumprovement. They merely
present segments of expository text and

Q
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then display questions to test the student's
comprehension of that text., This sort of
ol ipnstruotion has its use but implies to
most educators that the computer's power
lay only in its abllity to present text

and ask guestions. This form of instruc-
tion serves to reoreate the very worst of
what presently ocours in & traditional
classroom while lgnoring all other teach-
ing strategles toat oan help develop learn-
ing ?tyles and learner independenoe{Garson,
1980},

To complicate this problem further,
some oompaftles are now developing author-
ing systems which will allow classroom
teaohers, students and carriculum devel-
opers to create thelr courseware through
a process which utilizes templating and/or
menu selection. To be sure, many edu-
oators will use these processes to create
exclting programs which utilize the
system's capabilities to its fullest.

Many others, on the other hand, will
duplicate the type of programs mentioned
above; they will need help, guldanoe and
education about what microcomputers can
do and kow instruotior can be presented
to take full advantag- of the unique
teatures of the new technology. They
will need explicit guldelines that will
help them devise ways to make contacts
between the learner and the learning
experience more meaningful, more effi-
clent and more productive. The purpose
of this paper, therefore, is to present
specific guldelines for designing instruc-
tiontal programs that will be delivered
on microcomputers so that those programs
will use the capaolty of the microcomputer
S¥stem in a way that will develop in
learners & range of cognitive skills and
help lesrners develop useful learning
strategles,
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GENERAL FEATURES OF PROGRAM DESIGN

One of the most important factore
inherent in programs delivered on com=-
puter-based systems is their ablility to
adapt instruction truly to the individ-
ual needs Oof each learner. With thig in
mind, then, programe of computer-based
lnstruction should include the following
general features (Caldwell and Rizea,
1979}:

l. Learner Control over the
inetructional sequence is a feature of
program design often ignored by instruc-
tional designers. Certainly there are
situations in which & presentation of
instruction must be linear. Certailn sub-
Jects and concepts require it. In most
other cases, however, consideration
should he given to allowing the learner
as much control over the learning
sequence a8 possible. Options should be
incorporated into the instructional
sequence which &llow for review of pre-
vious frames; for decislons about the
type, difficulty level, and number of
problems or exercises recelved: and for
alternative branching routes that might
lead -to the accomplishment of lesson
objectives in less time. In short,
students should be given the opportunity
to advance, review, and-exit lessons
except where such control defeats the
purpose of the lesson. This ability of
learners to pace themselves provides a
degree of individualization not present
in purely linear programs.

2. A system should be totally
individualized and offer highly adaptive
and respongive learning environments.

By allowing shlf-pacing a.in’ individ-
ualized branching, learners are helped
to gelect the pathway through the
materia’s that is most appropriate for
their nseds.

3. Programe should bs Egﬂularize%
and structured in coherent, hierarchia
patterns. This type of organizational
pattern allows for great flexibility
in program implementation because
curriculue materials specifically ad-
dress each necessary skill in a defined
content area in a manpner that provides
for development of skille not mastered
or allows bypaseing of skills which
have already been mastered. This pro-
cess can reduce student frustration
and ilncrease curriculum sffectiveness.

4, All skills to be mastered
should be carefully stated in per-
formance objectives. The ﬁgggggg*
of = program is based on the specltic
definition of the objective in terms
of performance competencies. Activi-

tles allow for precilse diagnosls of
gkills already mastered, remediation in
gkill deficlencies, and exact evaluation
of learner progress.

5, Progress sho:ld be measured in
terms of mastery of performance objec-
tives.

6. Strategles for diagnosie and
rescription should be used, The effic-
gency of a program 1ls due primarily to the

diagnostic inventory made of the ekills
of each learner. This information can
then be used to place them appropriately
within the curriculum and to direct learn-
ers to the instructional waterial most
sppropriate to thelr needs.

7. Programs should be, when poseible,

multi=sensory in format,

SPECIFTC GUIDELINES FOR INSTRUCTIONAL
DEVELOPMENT

Programs of computer-based educetion
have besen developed in & varlety of de-
signe anhd formats. Some use drills arrang-
ed in stiunds while others are built around
a serles of tutorial leesons. Many even
lncorporate all or most of the features
mentioned above., Within these programs,
however, are characteristics of instruc-
tional design that heavily affect the
success of the instruction. The followilng
le a description of some of the more com-
mon characterietice of lesson design that
can contribute to instructional effec-
tiveness and some that can seriously de-
tract from 1it.

Creating Text and Graphic Displays

¥any alternatives caa be used to break
the monotony of lines of text filling an
entire screen:

1, Use graphics to box important sen-
tences or paragraphs. Boxes made of lines
or keyboard characters do nicely to alter
the visual display of text on a monitor.
Reverse highlighting ac’ color cam also be
used -effectively to accentuate visual dis-
plays. In addition, microcomputers can be
connected to graphics tablets which make
extremely interesting displays in almost
any size or shape.

¥hatever is used, it 18 crucial to
interrupt contisuous lines of text on a
screen 80 that the screen does not look
crowded and cause verbal overload 1in stu-
dents. Too much text can have the effect
of discouraging the learner, especially if
he/she ie s poor reader,

2. Allow the student control over the
sequence of presenting text by breaking
large portions of the text lnto discrste
unites or segmente which the student can
call up in sequence by merely pressing the
space bar or some other key actlvated for
this purpose. This procedure serves two

13
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purpoees: it allowe learnere to read at a
rate that is appropriste for them, and it
breaks the reading task in*to small segments
8o that the reader le not overwhelmed by
page after page of text on ihe ecreen.

3. Animatione, graphies, cartoon char-
acterg sand othkr creative devices serve to
crepte variety and intereet in the dieplay
which appeare on the monitor. Ueed cre-
atively, these capabilities of microcompu-
ter syetems can contribute greatly to
affective inetructional prograus.

4. Double epace téxt material whenever
poeeible to enhance the visual effect.

5. Use color to enhance the display or
to highlight whenever poesible. One pro-
gras uees color-coded fs¢dback to dietin-
Juish it from other text and to emphaeize
kay concepte. Color 1s aleo- useful in pro-
viding prompts and to direct attention to
various portlons of the ecreen.

Creating the Instructional Sequence

Y. Ao a general rule, try to show
learnere rather than tell then. The over-
use of expoeition 1s the single biggeet
mietake instructional deeigners make.

They feel as 1f they myst write a lecture
into each frame or prov complex direc-
tions, instructions or explanatione when
they can very simply use graphies oy the
ability of the computer ‘o erasee, rewrite,
flagsh and even animate to make concopts
clear. {(The preeentation which sccom-
panies thie paper illuetrates thie point
with & number of examplee.)}

2. Make leeeons ag interactive as
poeseible. Force learners to make
cholces; help them make decieione by
providing them with options and altern-
ativee. Simulation and dialog programs
are the heet lpnstructional strategy for
promoting interaction, bhut it can bhe pro-
vidsd through other meane ge well:

a. Menus '

Learnsrs mey chooee from & varlety
of optione within & leeson or within &
program by making choicee from menue.
These mepus allow the learner flexibil-
ity to pursue his/her intereets or to con-
trol the sequence in which toplcs are pre-
gented. For example, & language leeeon
which eale with predicates might allow
students to sccess concepts which have po
particular instructional sequence. Figure
1 illustratee just euch s wenu,

b. Performance Options

Learners ehould be given a variety of
activities and cholce of content. Tutor~
isls should he sccumpanied by creallve
drills or ipetyuctional games that rein-
force skille ani1 information and enhance
tie intersctive pature of the instrue-
ticn. These gamee and drilla can stimulate
aotivation hy capltalizing on & novelty

Q
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Flgure 1
PREDICATES

Which would you like to study:
1. Predicate Nominative
2. Direct Object
) 3. 1Indiyect object
4, Predicare Adjective
3+ Review

a, Linking verbe
b, Action verbs
c. Adverbs

Choose a numher or letter

>

effect. Competition in the gzmes can be
ageinet other etudents, the cowmputer it-
self, time limite, or performance criterias
get by other etudents {e.g. '"the best score
on thie game to date le " or "the heet
time for this game le Y.

A word of csution 18 appropriate here,
however. In an attempt to hring novelty to
their programs, some deeigners have defeat-
ed their own goals. Ip one such leeson
studente are encouraged to save a tin¥ man
who 1s staanding in a deep pit fyrom & large
heavy etone which ie elowly rolling down a
hill on the left eide of the pit. Thise
feat 1ls accomplished hy eolving a& serles
of math probleme eucceeefully. W¥With sach
correct response the man moves uUp the right
slde of the pit toward freedom. If the
learner falle to get the problem correct,
however, the stone rolle cloeer and ¢loser
until it eventually falle into the pit and
equashes the poor fellow. In an obeerva-
tion of this eeguence with eeveral child-
ren, & pumher of them chose to see the man
got equashed with the full knowledge that
to do 8o they must fall every¥ single math
prohlem preeented to them. This exercise,
therefore, did little to develop math skills
hut did mich to dietract the learners from
the true intent of the leeeon.

¢. Prompts

The power of computer-based inetruc-
tion residee in its ablility to ehape learn~
er hehavior toward learning outcomes in a
way not possible with moet other media. An
important factor in shaping hehavior le the
use of prompts. Designere who ignore the
uees of prompte often turn the lnatruction
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into a gueeein e. -] le. a numhe
o mathggrogragsggﬁrranggg aveilable preeeng

probleas thee eimply reepond to the learn-
er's incorrect responee with a "No, try
again.” Thie type of feedback gives the
lesrner no information about how he/ehe ie
doing: it only promotee gueseing until the
correct apswer is discovered. Prompte such
a3, "Too high, try again" or "Remember,
carry the ones," on the other hand, pro-
vide learnere with guldance toward the
correct answer. ¥Without them, interaction
becomee meaningleee. More about prompts
will be eald later in this diecussion.
d. Task Description

Learnere are very often mieled about
what it 1e they are supposed to do or how
they are eupposed to respcad in a glven
exerclse becauee the inetructional deeigner
hae confueed the task for them. The follow-
ing 1% & perfect example: 1In this leeseon
the learner is preeented with the task of
dietinguisbing complete and incomplete
eeptencee;

The store cloeed early.

Type cowp (for complete)or inc{for
incomplete)

The task here le clearly discrimination
between complete and incomplete eeatences,
but 1t 1le confused by asking the learper to
type "comp'" or "inc.'" The instructional
sequence ls marred not only by a poorly
designed drill and practice but also by a
poorly conceived reeponse format. An im-
proved version would eimply aek the student
to reepond by typing a 1 for complete (or a
¢) or a 2 for incomplete {(or an 1), thue
focueling attenticn on the diecrimination
taek rather than the typing task.

Task confueion can aleo be lessened or
eliminated by providing learnere with a
sample exerclee before they are engaged in
& drill or a quiz%

Input and Response
+ The method an inetructional de-

signer chooees to facilitate learner im-

put and reeponee le largely a function of
the type of learning outcome desired. Ree-
ponee modee moet commonly include typed ree-
ponse, touch reeponee or light pen reeponee.
The firat criterion for chooeing one of theee
modee 1s whether the response will help
reach the objective of the leseon. One
illustration of thie rule is in the ex-
anmple cited earlier in which setudente are
asked to discriminate between complete and
incomplete eentencee. In thie caee a typ-
ed reeponee wgs inappropriate to the objec-
tive of the lesson. In fact, typed reepons-
o8 in general eeem prone to high error ratee
because of the nature of typing tasks (Cald-
wall, 1974). Typed reeponees algo hecome

=

time comsuming especially 1f lesrnere are
unfamiliar with the keyboard. This problem
can have the effect of dietracting learnere
from learning the concept being preeented.
A related problem ie that miny errore in
typing are judged by the computer to be in-
correct responeee, and therefore etudente
are routed to remedial sequences or to eeg-
ments of the leseone they have juet been
through.

Similarly, if typed reeponesee are not
carefully cued, learners will often be for-
ced into cloeed loope; that is, they try to
find the correct answer by typing random
responsee. When thie problem occurs learn-
ers have little idea about what is expected
of them and become frustrated trying to find
the regponee that will advance them to the
next frame. Thie common error in ilnstiuc-
tional design hae an extremely negative
effect on learners.

Some advantagee can be found in the
typed responee, however, which are not pree-
ent in forced cholce reeponee modes (Cald-
well, 1974):

&. Learnere seem to exprese more favor-
able attitudee toward writing and the uee
of verbal language.

h, Spelling ekills and the abllity to
generate language lmprove.

¢. Personalized feedback 1o made poee-
ible through direct entry of student namee.

2. A3 mentioned earlier, response by
direct entry ehould not be required of a
etuydent without ap example or & practice
exercise. Thie can prevent learnere from
meking errors in the practice exercises.
These errora cah hecome lmportant, particu-
larly if one ie ueing reeponse data to
hranch learnere or to do item analysis.

3. A surher of other helpful euggesetions
can be found in the guide to developing ins-
tructional software developed hy the Minne-
sota Educational Computing Consortium (1980).
Some examples from that guide follow:

a. Be consietent in the way guestiona
are asked and the required format for ree-
ponses. Do not code snswere unlees it ie
neceeeary. Reguest the responees of YES or
NO rather than coding responsee Such ae l=
YEZ and O=NO. W¥When proceseing thees anewere
check the firet character to determine 1f it
ie YU or "N", If it ie neither, ersse the
gtudent'e snewer and re-ask the question.

b, Aek gqueetione while the information
necded to anewer them 1e etill on the mcreen.
Pon't ask & question then change the mereen
to ask another one leaving the cholces for
responee on the ecreen jnst eraeed. It
the etudent muet chooee from a fixed eet of
options, then thoee optione should remain on
the ecreen throughout the quiz eequence. In
gome casee it ie helpful to allow etudente
to go hack to formerly dispiayed framee to
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raefreeh their memoriee. Thie review ie
accessed by meane of the HELR key.

¢. Put options for a question in a
column. Do not imbed them in & eentence.
Optione having aultiple words should be
coded with numbere or letters.

d. Anewer checking after sccepting ‘in-
put deserveés epecific coneideration. Don't
ask a queetion and expect a very specific
answer. For example, if the queetion ie
‘What is the capital of Minnesota?" eome
learners might anewer, "The capital ie St.
Paul." 1If the respones judging is too rig-
id and is looking for just "St. Paul" this
student'e anewer would be wrong. It ie
therefore very important to do keyword
matchee rather than a match on the wholse
answer entered.

Also, when looking for correct anewers,
coneider how many timee to allow & etudent
to mige a question. A typical method ueed
by many deeigners ie to gsk a queetion a
maximuns of three timee. Thie way, the
learner has the opportunity to be prompt-
ed twice. Any more than three tries eeems
to indiecate that the etudent has not mas-
tered the concept and it ie beet to move
him/her on. However, it ia a good idea
to ask the same question again later.

4. The number of queetione presented
during a formative evalustion ie the eub-
Ject of coneiderable debate, Eesentially,
the number of queetione preeented in any
one exerciee le dependent upon the objec~
tive being aseeeeed. Ae a general rule,
however, five (5) ie a number that eeems
workable for moet learnere. It ie a
sufticient number to aeesee progress +o-
ward mastery of the objective and requires
Just enough time eo that the exercise it~
golf doee not become tiresome for the
learner. Five items ie a good number for
generation of item pools aleo if one usee
the guideline that three timee the num-
bar of items should be written as are
preeented in the exercise.

5. One muet aleo be wary of the type of
information learnere are permitted to in-
put. Por example, a common practice in
many computer-ascieted leeeone is to ask,
"What ie your name?" or "fhat do your
friende call You?" The purpoee of eych a
question, of couree, i8 to yee thie infor-
wation later to provide pereonalized
fesdback or to yee the learner'e name in
the content of the preeentation (e.g.
YMEWO to: Johnay"). This practice can eome-
timee have disastrous effects if the
learner decidee to get cute, One etudent,
for example, wae obeerved to enter ''idiot"
to Just euch & queation as those cited
above, All asucceesive feedback after that
reecembled statemente such a®, "No, Idiot,
try again” or "Good work, Idiot." While
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thie type of reeponse can delight learnere,
ite overall effect ie one of dietracting
them from the purpose of the leseon.

Réinforcement

nelderable space hase been devoted in
thie paper to suggeetions regarding respone-
es to varioue types of imput. The section
dealing with prompte eervee as a good ex-
ample., Generally, reinforcement should be
specific and directed at providing informa-
tion that will help ehape the learner’e be-
havior toward the deeired learning outcome.
Ae an illuetration, coneider the following
sample sequencey

weeefdd ~ 1ng to the word-——«~

Come >
(Here etudente are required to transform
the word by retyping 1t with an -ing end-
ing.) A correct responee on the firet
try would warrant poeitive reinforcement
euch ae "great, eyper, well done, excel-
lent.” These and other reinforcing etate-
mente can be generated randomly from a
liet of 2¢ or 30 poeeible etatemente. In-
correct responeee on the other hand,
ehould follow a pattern of prompting which
should lead the setudent to the correct
answer. For example:

Mc_tym= Come?
comeing (drop the e). The etudent ie
cued by reminding bim/her of the rule
under examination (drom the e).

Second incorrect response: Come?
comiing (come + ing). BHere the learner
triee a different reeponse. In the
eecond prompt the computer eyetém animatee
the ¢ in come and it drope from the equa-
tion then the -ing movee into place.

Third incorrect reeponse: Come )
Coming . f on the third try the etudent
still doee not type the correct reeponse,
the correct answer should be given, and
the etudent should then move on to the
next problem. This type of reinforcement
pattern contributee toc meaningfulneee of
the material to be learned becaues jt:

a. Provides epecific information
that helps guide correct learner behavior
toward achieving the deeired outcome.

b. Reducee the frustration often
experienced by learnere in CAI programe
that eimply provide a "no" responee to an
incorrect anewer., A eimple "no" ie un-
satisfactory becauee It provides no
epecific feedback that helpe the learner
to diecover correct responees. Inetead
learnere gre forced to guees yntil the
correct anewer ie found (Caldwell, 1979),

Reinforcement strategises depend
largely on the nature and type of learning
being attempted. Reinforcement, however,
can be made more meaningful if it is per-
songlized and epecific to etudent
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regponse sequebces. {e.g. "You did well, Educational Computing Consortium,
Allen, but would you like to review pre- Fehruary 15, 1980.
fixes hefore golng on?" ) )
In summary, the design of instruc-
tional programs should incorporate
various teaching strategles to add
variety to an overall curriculum and to
sddress cognitive processes at all levels
of that domain of learning. Also, pro- .
grams should use to their hest advantage
the features of color, graphics, =and. .
animation offered by microcomputer tech-
nology. Exclting new developments in
speech and sound periphérals also exist
and should be incorporated where relevant
and appropriate. Also, learner cantrol
over the instructional sequence gllows
for individual paclog and hetter oppor~
tunities to achiseve mastery through
branching, diagnosis and remediation.
This flexibility can add significantly to
computer hased programs if they are
desighed and implemented carefully.
The scope of this presentation
limits discussion of the many subtle
variables which contribute to effective
ingtructional design, hut attempts to
bhegin an organization of some of the
features which seem to contrihute to
successful programs. It is hoped that
it might stimulate other authors and
designers to ghare thelr rationales and
axperience in designing high quality
programs of computer-~based educatlon.
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RESEARCH ON MICROCOMPUTER USES IN EDUCATION

Chaired by pavid Kniefel
New Jersey Educational Computirg Network

THC AEPECTIVB AND COGRITIVE EFFECTS OF
M El I EDUCATION
Ronald E. Andexrson, paniel L. Klassen,
Thomas P. Hansen. Minnesota Educational
Computing Conscrtium

ABS%BQ;T
crocomputers are used ilncreasingly
to deliver and enhance science instruoc~
tions but the impact of these new
technologies has not been extensively
studied. An experiment was designed to
investigate the effects of a brief CAI
activity on student attitudes, beliefs,
amd knowledge. Thres hundred fifty
high school students were tested and re~
tested bhefore and after taking a 20-30
mimite lesson on water pollution. The
instructional material was all delivered
by an APPLE 1I microcomputer using high
resolution graphics and gsome color vari-
ations. The findings support the claims
that: (1) even a very brief CAl exposure
can be instructionally effective: (2)
understanding abhout computers, l.e.,
computer literacy, can be improved as a
comsequance of such CAI: (3) students
become attitudinally more positive about
computers from microcomputexr CAI: (4)
graphic enhancements may not improve
student responses: {(5) system malfunctions
may revise student conceptions of them
selves ag well as computers.

The micro cffers a vast potential.with
some POsmibly questionable effects.
Since it allows new kinds of person-
conputer relationships, we can not presume
to know Lts ultimate impact on individuals.

THE EFFECTS OF MICROCOMPUTING ON LARGE
CENTRALIZED TIMESHARING

Kent T. Kehrberag, Minnesota Educational
Computing Consortium

ADSTRACT

nnesota schools have already acquired
nearly 1,000 APPLE II and other micro-
computers, even though they have had
access to a large central computer via
a statewlde educational network. This
sltuation offers opportunity to research
some important questions such as: (1) How
do people justify thelr acquisition of
microcomputers? (2} How are micros used
in the schools? {3) Does microcomputer
acqulaition gubstitute for or foster time-
sharing use of a centralized facilit
The MECC research serves as the basis for
projection of the role of microcomputers
and instructional computing in the short~
term future.

DISCUSSANTS

Harold Peters, Associate Director, CONDUIT
John Castellan, Jr., Indiana University
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CREATIVITY THROUGH THE MICROCOMPUTER

George M. Bass, Jr., Ph.D.
Asslstant Professor
School of Education

College of William and Mary
Williamsburg, Virginia 2318%
804-253-4289

"Oreativity 15 & battle
agalnst f'ixed attitudes.”
(Raudsepp, 1977, p.55)

In many ways teaching a college course

" on creativity 1s very similar to teaching

students how t£o0 use & computer. Both sets
of students come with many preconcelved
mwtions about the subject. (sually these
attitudes have not been built upon direct
experience with computers or creativity
axperiences but on hearsay and vague ex-
pectations. This lack of experience has
often led students to be feartul of thelr
own ability %o ve ~ceative or to master
the computer. Yet a willingness to break
free from thesz frozen views and to see
ideas and problems {rom & new perspective
15 needed In both areas for the student
to succeed. )

During the fall semester of 1979, I
taught an advanced education course of
creativity. This course was designed to
be & seminar for students who had success-
fully completed an introductory education-~
al psychology course. My overall goals
were to present students the necessary
background about creativity as it has
been studied by psychologists and educs-
tors; to introduce them fo Lnstructional
strategles which may help develop crea-~

tivity; and finally, to ilncrease thelr
own creative abllities. Eleven students
took the course.

COURSE ACTIVITIES

In order to distingulsh this course
from just another elective, I wanted to
use activities not typleally found in
other courses they had taken. Entering
natlional contests, participating in crea-
tive growth games, working on word puz-
zles and logle problems, reading and solv-
ing detective stories, producing poetry
and written compositions, and using a
microcomputer were introduced throughout
the semester. (Moie traditional activi-
ties such &s assigned readings, class
presentations and projects, and & final
pogltion paper were &lso used to lncrease
the learning process.)

Because the mlerocomputer 18 such a
new educational technology, 1t i1s an
ideal way to break the chalns of student
expectation and release any hidden poten-
tizl. Yet the fear of the unknown or the
exagegerated visions of computer power
(such a8 HAL in 2001} were a real concern.
In order t0 reduce this possibility, I
began the first class with TLC -~ Tender
Loving Computer. Other exercises using
the capabilities of our Apple II micro-

49




EE

Q

,k;E{’

computer were later interspersed through-
out the zourse.

MICROCOMPUTER ACTIVITIES --
QOBJECTIVES AND RESULTS
1. Course Syllabus

Since this was the first time the
creativity course had ever been taught,

I felt it necessary to give students my
course cblectives, assignments, and re-
quirements during the first session.
However, I wanted to communicate thls
basic information in a nontraditional
way as mentioned earlier., I also wanted
the students in the class to meet one
another and to learn of any personal ob-
Jectives each individual might have for
the class. To accomplish these objec-
tives, I wrote a program on the microcom-
puter to interact with each student.
After requesting the student's name and
some background information {interests,
reasons for taking the course, etc.} and
engaging him in chit chat, the program
presented relevant information about the
course and then introsduced the student
to the capabllities of the microcompu-
ter. Using a variety of programs cur-
rently avallable for the Apple XX, the
students were presented with computsr
graphics, text manipulation, and game
playing experiences, e.g., Rock/Sclssors/
Paper, Dragonts Maze, Star Trek.

The results of thls experience were
quite positive. The students had never
seen & microcomputer before and wers
surprised with the varlety of things it
could do. As each student took a turn,
the rest of the class crowded around the
color monitor to watch the action. They
got to know each other through the typed
conversation with the Apple II. They
also got to see many of the programs
avallable to them outside of class. (For
two students this ilntroductory session
led to a semester-long Journey with Star
Trek after almost every class'!} This
computerized syllabus generated interest
and set the tone for an umisual class.

2, "How I Spent My Summer Vacation'

Assignment

One of the most common asslgnments
that teachers give when students return
to school 1n the fall is to write a theme
on how the student spent hils summer vaca-
tion. In order to get the students in
the class to begln thinking of novel wags
to solve problems or accomplish tasks.
gave the class this typlcal task, but
asked them to solve Lt in a creative way.
When they next came to class with thelr
creative solutions, I shared with them
one solution using the microcomputer. I
programmed a story which contalned an
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overall structure but required the addi-
tion of certain words and information from
the user to compose a complete %4le of how
the Apple II spent its summer. Besides
showlng how unique paragraph-length sto-
ries can be created using a microcomputer,
this exercise lald the groundwork for a
future class discussion on form versus
content 1ln creating something new.

While the students'! creative solutions
to this assignment were indeed varied (a
plcture scrapbook, a summer Job advertise-
ment, "first grader's" paper, fantasy
story}, their response to the Apple II
story was enthusiastic. They worked as a
group suwpplylng the adjectives and other
words requested by the program. However,
the first time through the story, they had
no ldea how these words were golng to be
used. The resulting narrative was a hu-
morous, 1f not entirely accurate, account
of what a microcomputer might do over the
summer on & deserted college campus. The
second time through the program the stu-
dents chose thelr words more carefully to
flt into the structure of the story they
remembered. While this second experlence
resulted in a new version of the tale, in
some ways 1t was not as entertalning as
the first version. In resulting class
discusslions the notion ¢of appearance ver-
sus substance, "how sald" versus "what
sald,™ and the role of the creator and his
audlience 1ln glving meaning to a creation
were all related to this computer/human-
generated story.

3. The Apple II Pops

The Apple II microcomputer can make
mugslc-1ike sounds through the Apple's
built-in speaker. A number of commercial
programs are avallable to créate these
songs with minimal programming. Using the
FORTE Music Interpreter by Halnbow Comput-
ire Inc., I showed the students how to
program and save songs they composed using
the Apple's speaker. I wanted the stu-
dents to construct a nonverbal creation,
ta become more comfortable with using the
microcomputer as a tool, and to learn an
introductory programming approach.

At the class concert durlng which each
aspiring composer introduced his creative
effort, 1t became readlly apparent that my
ob) ectives were achleved. Although the
variety of songs (from birdlike melodies
to atonal experimeptations to K-Tel music
advertisements) agailn showed the diversity
in the class, all students completed the
assignment and expressed thelr growlng
ease with the Apple. They commented on
the computer as most forglving, but also
most demanding. Mistakes were easy to
sorrect by retyping the note or line, but
putting commands in the correct syntax was

<y
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required for the program to work, In ad-

.dition, the students expressed an appre-

clation of each other's efforts regardless
of previous musical experience,
&, Aphorism Construction

Adapting an Aphorism Generator pub-
lished by J.D. Robertson (Creative Com~
Eutinﬁ, August 1979), I programmed the

pple to construct aphorisms such as
"Alcohol 1s the liver of stress" through
random combinationsg of lists of the three
key nouns., The class was asied to gener+
ate sayings using the format * is the
. of __ " as well, Pour students were
chosen to do this individually, . =3 of
two and three students were chosen to do
it collectively, and the remaining two
students worked as a team to select those
aphorisms generated by the computer which
they thought most creative., After each
individual or team had chosen thelr best
two sayings, these aphorisms were read to
the rest of the class without identifying
the origin. Each class member separately
ranked the three best aphorisms; these
rankings were then tallied and the high-
est rated aayings identified., My objec-
tive was to atimulate a discussion of
individual, group, and random efforts in
creating original producta.

Although the results were certainly
not definitive (one peir had written both
of the top ranked sayings), they did lead
to a‘'lively debate on the difference be-
tWeen random replacement and meaningful
combinations, The idea of "creativity is
in the eye of the beholder" was alsc rein-
forced by this exercise. The writer and
the reader put meaning in aphorisms and
other creative products,

IMPLICATIONS

The use of these microcomputer activi-
ties added greatly to the overall achleve-
ment of the course goals. One reason for
this success was the close fit between the
course topic and the capabllities of the
computer., Indeed, creativity with its
"hbattle against fixed attitudes" stresses
a concern with new images and experlences.
Torrance (1979), & major figure in crea-
tivity research, has even recommended a
three-stage instructional model to en-
hance incubation and creative thinking..
Activities using a microcomputer can be
implemented at each stage in his model.
Stage 1 ia aimed at helghtening anticipa-
tion; it tries to motivate learners to
relate each learning task to meaningful
experiences. The course syllabus and
summer story certainly attracted the stu-
dents! attention and stimulated thelp
curlosity and imagination, Other compu-
ter activities such as role playlng games

and simulations should also warm-up stu-
dents and increase thelr antieipation.
Stage 2 .urns this initial interest into
deepening expectation., Song development
is one example of the wvarious information
processing patterns which Torrance sug-
gests, Stage 3 simply tries to take crea-
tive thinking and keep it goling. Seeing
the various capabilities of a microcompu-
ter in this course should permit students
a better understanding of future .techno-
logical applications in their own lives.

Although psychologiste have perhaps
focused more on the instructional demands
of creativity and problem solving courses
than other sublJects, the psychologilecal
principles underlying such instructional
plamning and design ¢an be generaliz.d to
other college subJects as well, TPreffin-
ger and Huber (1975) have emphasized that
the content of any course can be analyzed
according to an instructional systems ap-
proach. Such an appreoach focuses on lden-
tifying specific instructional objectives;
dlagnosing characterlistics of entering
learners; developing sequential, learning
hierarchies and teaching strategiles to
accomplish the objectives; and assessing
performance to determine learner achieve-
ment., Following such & basic instruction-
al model will allow any teacher to esti-
mate the value of particular educational
technologies in a chosen course.

The specific issues for 1lncorporating
the computér into this current educational
technology nave been widely discussed dur~
ing the past decade, Usually the chief
criticisms againszt such a move have re-
volved around cost and teacher resistance
(Trow, 1977). Yet these concerns have
mostly been assoclated with computer~
assisted instruction using a large time-
sharing system, Recently, there has been
a shift from CAI programs aimed at indi-
vidualized teaching of a single subject
matter toward computer-managed instruction
in which the system directs the entire in-
structional process (Splittgerber, 1979).
Even with this move toward CMI, there
3till remains an implementation problem
into the public schools. Economle, tech-
nological, and instructional design con-
silderations have kept the potentlal bene-
fits from being realiz»d.

But a revolution 41s in the making!
With the recent rise in accessibllity of
microcomputers, the cost argument has been
greatly deflated. With the growth in
microcomputer design and capabilities,
many of the technological concerns about
access, memory storage, and program lan-
guages have also been met. With the grow-
ing commitment to instructional design
relevant to CAI and CMI, better software




1s becoming avallable. Nevertheless, 1if
teacher resistance ls not overcome, all
these changes will probably be for nought.

The experiences detailed in this paper
reveal one possible strategy to ilntroduce
the applicability and benefits of micro-
computers, By incorporating course con-
tent with microcomputer capabllities,
students can gradually come 0 appreclate
the vast educational potentlal 1n this
new technology. With such a focus on
computer-enriched instruction, the teach-
er 1s less likely to fear dilsplacement
from the teaching/learning process. The
emphases of CEI experlences are on stimu-
lating class discussions and group inter-
actions, not taking over the teacher's
role. As Eisgele (1979) has polnted out,
the possible uses of mlecrocomputers in
the classroom are many: &s tools for
creatlive problem solving, games and simu-
lations, drill and practice; testing and
test construction. By taking advantage
of these uses to enrich classroom activi-
tles, today's educator can be accountable
and productive without feeling deperson-
alized or replaceable.

And isn't that a reasonable way to
win the battle against restrictive fixed
attitudes? .

SUMMARY AND CONCLUSIONS

Since many students and teachers are
hesitant to use the computer because they
are unfamiliar with what it can -- and
cannot -« do, 1t 1s imperative that ways
be developed to introduce gradually a
more realistic appraisal of the compu-
ter's capabilities. If these benefits
are provided through computer-enriched
activities which do not reduce the main
role of the teacher, more acceptance of
such activities should be fortheoming.
With the advent of microcomputer systems
almost any small college can afford the
compucing power that was avallable only
to large institutions Just a decade ago.
An example of such an application ln a
_college course on creativity was pro-
vided to 1llustrate the feasibllity of
such & CEI approach.
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GIVING ADVICE WITH A COMPGTER

Jamea W. Gataon
Deparement of Philosophy
University of Notre Dame
Notte Dame, Indiana 46556

{219) 283-6471

Ovet the last thtee years, my colleague Paul
Mellemas and I have been at wotk on an interactive
computet ptogtam called EMIL which ¥e uss to help
teach our courses in formal loglc. $Since June of
1979, we have been devoting our efforts (thanks to
funding from The National Sclence Pouddation) to
implementing a computerized "copilot" for EMIL
vhich the students can call on to obtain advice on
how to tackle problems that they find too diffi-
cult to handle on their own.

The methods We are using to provide out stu-
dents with advice are easy to implement and quite
effective. They represent an approach to comput-
atized sducation that doesn’t fit neatly into the
standard categories (l.e. recotd keeping, multi-
ple cholce CAIL, testing, games, simulstions,
etc.)» but gne which hae the potential for wide~
spread spplication. The goal of this kind of
tutoring ptogram is to prompt the student to
develop and use areative strategles solve problems
which do not necessarily have any one
correc answver. The advice-giving program is
Socratic; it asks the students leading questions
concerning the problem before them, queations
which help them analyze and rasolve their diffi-
culties.

A typlcal course in formal logic requices
students to find formal procfs. Students are
Presented with & set of formulas of logic and
asked to apply certain logical rules to them to
derive dome othce formula. The devivation which
they are asked to construct consists of & sa-
quence of formulas each of which follows from
previous membera of the sequence by ¢ne of tha
rulese, and vhich ends with the formula.they are
to prove. This kind of learning is important
not only in that it provides the foundation for
the mastery of the basic concepts of logic, but
also bacauss it gives the studenta the opportun~
ity to leaxn scome of the practical problems and
atrategies involved in crestive thinking, parti-
cularly in creativa thinking charecteristic of
mathesatica and the sciencea.

Glving atudeata practice in the creative so-
luticn of formal problems particulsrly impost-
ant in science education. Too often scientific
knowledge is presented a8 if it iz descended from

heavett, or required some form of superbuman intel-
1igence for its discovery. WVery little sttention
is payed in science education to allowing studcnts
to appreciate the thinking processas which go into
the ansiveis and sglutiom of scientific problems
io & real setting, ' There is & tendancy to obscure
the very husan process of fuabling around, of try-
ing out strategles, of agssseing failures, and of
craating better lines of sttack, which are all
patt of the scientiste’ daily 1ifa. A courss in
logic gives studenta the cpportunity to refine
theic skilis st problem golving in an enyironment
where the difficulty of the problems they conftont
can easily be adjusted to their growiug abilities.

In the standard sort of course, students’ abili-
ties at finding proofs wary widely, so that those
who do not have #n initial imack are seversly pe-
nalized. Even when stratsgiss for proof-finding
sre carefully digcussed In class, some gptudents in-
varisbly complain that thay cen't do s new problem
on their own in spits of "understanding” the lec-
tures. Part of the problem for thess students is
that they cannot couvert & verdal sxplanation of
techniques.into s flexible tool for desling with a
nev aitustion.

With a bit of tutoring, most ltlldlntl with thes
difficulties improve rapidly. I1f students think
out loud while attempting a proof, s gentls audge
hrre and there often leads to guccess. I1f they
don’t understand the rules, or eimply haven't both-
ered to learn them, guiding them through a proof or
two tends to atraighten things out fairly quickly
and to fmprove their confidence and motivatiom.
Juat as in teaching most akills, the effactive
strategles inyolve letting the atudent perform the
task under guidence; lecturing on the propsr pro-
cedure and telling students to go home and do like~
wise is velstively ineffective.

Of courae there are good teasone why tutoring is
not widely used in an introductory coutas in logic.
These classes are usually quite largs, so tutoring
simply takes top mich of the tesc’sr's tiwe. Hot
only that, grading exsrcises in proof-finding 1s
tedious, so teachars tend to give students rala-
tively few exsrciees that require thee to crests s

groof. Even :I.f atudenta can leatu on thaic own
hey aimply don't get smough practics te dovalop
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sny akill, unless thay catch on right off the bat.
Very oftan, the tsachar ralies on extrcises that
requira a single answer, such as those that ask
thae student to £i1l fn tha justifications for the
linss of & proof that is already coupleted. This
process does familisrize students with the rules,
but it gives them uwo prectice in the art of find-
ing a proof.

Computers make it pogaible to gimulate the tu-
toring situation. Students can enter their proofa
at the terminel, and tha computer can be program~
ned to set whather each lins of the student's so-
lution follows from previous linss and to describe
the difficulty if anything goas wrong. When the
student iats lost the computer cin make suggas—
tione gbout how to procasd.

This use of computers in education 1s particu~
larly interesting because ir daparte rudically
from tha multiple-choice form which has beccas al-
adat parsdigmatic of computerized teaching materi-
als. A proof-checking program does not require
the atudent to come r, way preselected snewar, but
to £ind a aolution by any of a potentialiy fnfin-
ite number of 1ines of sttack. In a sense, the
progtam doas vot demand an answer, but eimply pro~
vides an ongoing chack of the student’s prograss
in schieving & result. It doea not require s set
rasponse so such as provide a tool that students
can usa in their own way to develop a skill.

Coupated to multiple-choice programs, proof-
chacking progtans meks hoavy desands ont the com~
puter, the teacher, and the etudent. The comput-

- 4F wust intatpret tha student’s "moves™ st the
terainal, determine whather they are corract, and
raspond in an intelligent way. The grudent and
teacher nust familisrize themgalves With the pro-
ceduras for cparsting the computer ,zogre, and
wiat put up with the inconveniencas caused by hav-
ing to use a computer which ias genarally overbur-
daned already, and which occasionally malfunctions.
They suat alsc put up with the inevitable mistakes
& programmar sakes in designing the logic taaching
ayeten. And yet, if we are ever to develop com-
puter taaching syetems that provide studenta With
toola for learning, rather than merely with ongo-
ing multiple chofca exsninstiuos, vwe must over-
come thess difficultiss. Working out effective
atratagies for proof-chacking programs can pave
the vay for devaloping less authoritarisn styles
of coaputarized education in other sreas.

Our logic tutoring progras, called EMIL, has
several advantages ovar cther programs of tha
same kind, First, thers are & 1arge qunber of
logic text books, esch with ite owm version of the
tulas of logic. EMIL is the only program that
lats teachaxa supply ths progrem with tha set of
tulag to ba ugped with their textbook, instead of
forcing them to usa the book which goas with s
ast of ruled yritten into the progras. Second,
EMIL is extreasly gentls with the student®s fnput,
and genarslly repairs typing mistakes rather than
cowplaining sbout them. This i, important bacause
our atudents sre, for the moat part, ynfamilisx
both with the typawritar kaybrard and the notation
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of logic. Third, the program lets atudents entet
lines st the bottom of the proof which they hope
to derive later 80 that they can work the proof
backwards if they 1ike. The reason we allow, and
in fact encoursge working backwarda, ia that af-
fective proof=finding strategiaa requirs an ana-
lysis not only of the formulas slresdy derived,
tut of the formuls to be proven as well. Often the
proof=finding probles can he considersbly simpli-
fisd by using the goal forwula as & guide-post for
determining what the ateps previous to it must
look 1ike in the completed proof. Our program
allows students to record tha results of using
such atrstegiss right ¢ the terminal, inptead of
submitting & Polished product to the computer. The
fouxth edvantage of our p is the main topic
of this paper. Since September of 1979 KXMIL haa
bean giving studenta good sdvice about how to
solve problesms that They are unable to do on thetr
om. In this way it is providing # good portion
of what can ba offered by s inman logic tutor.

There sre three wain strategies for dasigning »
couputer progrsm that can offer sdvica on proof
finding. Tha firat is aimply to store 8 complated
version of the proof that the student is working
on snd to gtore a liast of comments that are in- .
tended to help & student who agks for sid on com-
puting s particular lins. Jf the coamment the stu-
dent “ecsives provea imhelpful, the studear can
esk to gee the next line of the atorsd proof, or
indsed any nusber of linea, up to snd including
the entire proof. .

This hint strategy requires that a complated
proof muat be stored in the computer, along with
appropriste commenta, for svery problem atudents
will work on. It also presuppoass that there is
likely to be only one Teasonable asquence of ateps
that leads to the concluaion. If students -ap-
proach & problem in a8 upusual ¥ay, thére may pot
be enough aimilarity between their proof and the
atored proof for the computar to be of any help.
Finally, it presupposes s top~to-bottom pattern of
proof comstruction. But fraquently the very naxt
a*eps fin a proof will not revaal & atrategy thet
leads to succeas; such strateSies must xather be
explained with referencs to what heppsna much
leter in the proof. This sort of hint routine
does not help atudents appreciste the global atr-
ategles which require knowledge not just of whers
the Proof has been, but alsc of where it is going,
and thege are generally the most usatul StTategleas.

Another technique is to wyite a program that
allows the computer to generste s solution to the
student’'s problem and to recognize atandsrd situ-
ations during the coyrse of that solution. Thias
strategy eliminstes tha nssd for atoring a proof,
with commentary, for esch problem to be strempted,
since the computer ga2narstes its own solutions.
But this atratagy runs the risk of gensrating
strange proofs, which students are unlikely to re~
capitalats. Alsos each formulation of the rules
of logic will require its ovn custom-tailored pro-
gram for gensrating Proofa. Furthsrmore, the pro-
gram to generate comments must be very carefully
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written to avold mieleading advice, Worst of all,
this strategy still doas not help atudents to see
global atrstegies; like the stored-proof strategy,
this stratsgy uses s top-to-bottow approach to
proof construction and confines itself to giving
advice about ithe very nest line of the proof.

Another difficulty with both of these approach-
es to the design for an advice-giver is that the
program does not attempt to construct advice on
the basie of whatesar progress the student may
hava already made on the problém. Ths fallure to
build advice sround the etudents partisl successes
tends to discourage invention of novel, yet prom-
fging, psrtial solutions, to devalue the students’
own creat.ve abilities, and to lower their self-
confidencs. It dempens the students’ engafiement
in the preblem—solving process while rsinforcing
thim for sterectypad solutions.

The taird spproach to the design for an advice-
giver, the one we have adopted, overcomes these
problems by paying ..ore attention to the techni-
ques actually used by human logic tutors. One of
the main things a human tutor should do {s prov-
ide students with affective problem solving tools
for analyzing the aituation they sre in and for
breaking the problem into eimpler subproblems to
which the same tools can be applied all over
again. An effsctive tutor does not give tha

“solution, or aven pieces of it buf instéad pro-
vides an apprenticeship in *ne art of asking the
relevent quescione, the # swers of whiich wiit
lead the student to sse ©ow the problem can be
broken down into more ' :nageabls parts. Queations
1ike “"Can you apply “lis rule to lines you have
already derived?" urd "What rule could be uvaed to
derive ¢ formuls s this shaps?" vhen presented
in & cohlerent asnquence are very effective in help-
ing students sevelop strasteglies which they can
learn ro u-u effectively in a wide variety of
pw:‘fmm pmblm. '

Tus sctual prograw that we uge to give advice
+us writto: by ma in sbout four hours. The im-
plerantation was so sasy because the advice pro-
gram does little more than ask studenta s lead-
ing question and then bramch to & new question
on the basis of their acswer., Eventually, the
program cuns out of quastions to ssk, and speci-
£ic advize 19 given < the basis of the informa-
tion provid~ in the er~iant's answers to the
questions. s questican can be thought of as
being structured in s t.:ss: with the path along
the branches being detscmined by the students’
arsvers, and the wdvice for each situation be-
ing located st the tip of each branch.

Since programming our advice-givsr was so
simple, ths main focus of our sttention has
been on ths creation of s file of questions
which have rcal pedsgogicel merit. Since the
questions axe not written into the structure of
our program, modifving the question tres in re-
sponse to vhat we learn sbout effective advice
hmg boen s painless process which does not re-
quire sy programming expertise.

Qur question file has s very simple format.

{See Figure I.) Each record contains the text of
a question followed by a list of sccepted answers,
each followed by a numbey which indfcates which
record to jump to in case the student responds with
that answer. The last item in each record begins
begins with a "*" {wvhich indficates that there.ars
no more accepted answers) and contains text which
is printed in case the student does not respond
with one of the accepted answers. Most of the
queatfons we ask are answered with "yes" or "no",
but we found the use of other sorts of answers
more convenlent for certsin questions. The text
of the advice to ha given i3 simply stored in the
question file foll. <d by "*." Thig "+" fpdicates
to the program that this "question" has no accept~
ed answers, and o the program should stop the ad-
vice giving process after printing it.

We have built a number of improvements into
this simple program. First, the sequence of the
questions should vary depending on how much the
student has lesrned and how difficult the problem
is. Our first solution to this problem has baen
to assign each problem that the student {e we ¥
on a level pumber and to use this number to pouair
the queation~asking program to separste quest!rr.
trees for each level we have defined

The second ephancement 19 motivated by the fant
that we want to mention items in our questions.
that change during the execution of the program,
for example, the last line number the student has
fiuished In the proof, or the name of the rule
that he intends to work with. Obviously the text
of the questions in the file cannot mention spe~
cific line numbers or fule names. Oor solution
is to introduce variables, or fill-ins, to our
question toxt,

FIGURE I: SAMPLE RECORDS FROM A QUESTION FILE
1. 'CAN YOU APPLY MP TO ANY PROVEN LINES' 'Y’ 2

'N' 3" %ANSWER YES OR N'
2. 'APPLY MP TO THESE LINEL® ‘#'
3. 'WHAT IS THE MAL{ CONNECTIVE OF YOUR GOAL
FORMULA?' '&' 4 '¥' 5 '=>' 6 "RPLEASE ANSWER
& YV OR =)'
that are then replaced with the coiresponding
specific information Just before the question s
printed at the terminal. We have adopted a con-
vention that words beginning with "&" are vari-
ables, and so, for example, a line of advice on
our question file might read like thls: '\OU
SHOULD APPLY SHULE TO LINE SGNUM'. This directs
the program to i1l i1 the specific information
about the rule name and line number go that the
student sees, for example, YOU SHOULD APPLY &OUT
TO LINE 5.

It may surprise you to learn that although our
advice~giving program wae rumning with these two
enhancements in September 1979, we were ’
working on a central portion of the advi. ing
program in January 1980. That was because w. still
had to program the most important improvement: the
development of subroutines which can answer all
the gquestione which are poeed to gtudents by the
advice~giver, and comment on any errors in the
students’ responses. Though studecte are gener-




ally gquite accurate in their responses to ques-
*tions posed by our advice-giver, they occarionally
nake migtakes that can result in their recelving
bad advice. But informing students of their er-
rors is not the only reason for giving the comput—
er the abllity to monitor the correctness of the
studente' responses. Once gtudents run the advice-
glver u pumber of times, they become bored at hav-
ing to anawer a number of pointless questions, The
questions becowe pointless not because they aren't
needed in analyzing proof-finding problems in gen-
eral, bat because the student is v- L aware that
a particular portion of the ans’ is not needed
for the problem baing dealt with  .,en the com
puter ie capable of answering que tloms iteelf, we
can decide which queations, at wl :h levels of
difficulty, ehould be printed at the terminal, and
vhich we should let the computer answer for iteelf
by examining the proof the student 1s working on.
Exparienced students may resent being seked any
questions at all and may prefer an advice-giver
that merely prints a specific plece of advice,
Bowever, we belleve that for moet Students who
need the advice-giver in the firs: place, posing
the relevant saquence of questicns 1s much more
valuable to their learuning problem-solving ekills
than is their obtaining advice.

At thie writing we have a vereion of EMIL that
anewers for iteclf all the' questions we pose save
one, and we have 5 method of indicating in our
question file which questions are to be asked
under which circumstances, Wa gtill need to do a
lot more resegrch on how obtrusive the advice-
glver ought to be as & function of the students’
progreas and cognitive atyle, However, tha main
advantage of our program is that we have complete
flexibility over the clrcumstances wnder which the
pProgram types out the questions.

There 1a & final reason for programuing the
computer go that it can answer all the questions.
When this is done the program can traverce the
queation tree on its own and come up with the
relevant advice. Ounce advice 1s available, the
program can follow it to construct proofs on its
own. Judging from extensive paper and pencil
tests, our advice tree turns out to be highly

. effective (though not totally effective) in solv-
ing loglc proof-finding problems., As a result,
it is capable of solving for itaelf the vast
majority of problems we give our stude 3. This
provides us with an important tool for .mproving
our program. By running a large number of preob-
lams through our advice-giver, wz can determine
the circumstancee under which it 1s unsble to do
a proeof, and then use that information to create
e wore sophlst..ated vareion of our question
dats files,

OQur approach to glving computerized advice
has a wide renge of applications. 1t can be
used, for example, to help college etudents
with their physics homework, or with tracking
down the ldentity of unlmowns in qualitative
chealetry, to help medical gtudents learu diag-
nosis, or even f¢ help pecple te determine what is
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wrong with thalr car, or whether to itemize their
deductions, All it takes is a simple program to
run the questions and a question file that is
carefully constructed to reflect the best strate—
glee that people actually use to solve the kinds
of problems which are at Issue. Depending on the
context of its use, some or all of the enhsnce-
ments to the basic program that we have developed
could be used.

It is worth pointing out exactly how our ad-
vice~giving program differe frow the standard
approach to CAI using the multiple-choice format.
The differences are not particularly striking from
the programmer’s point of view, In both ceses,
the program is desigred to ask questions and to
select new questions on the basis of the students’
answers, The advice-glving programe genmerally re-
quire a more elaborate branching structure, and
they may diffar in being upable to svaluate the
students' response, But the important differences
are the ones that are obvious to the educator, for
they have to do with the educational purposes of
the program,

Multiple choice CAI attempts to get the student
to memorize the correct anawers to a certain kind
of question., The strees 1s almost entirely on en-
suring that the student leatune certain facts, In
the cage of advice~giving programs, tha answers ‘“
are not pert of what is being taught, 1f any-
thing, it is the questions we yould like tha stu-
dent to master, By exposing students, over and
over again, to a sequence of questions that have
been proven effective in problem analyeis, the
student learns to develop efficient strategiees
that can be used over a wide range of problems of
& similar kind, FPurthermora, the whole process
of learuing to adopt principles of problem analy-
els and decomposition is a valuable exercise of
problem solving ekills that can be applied to
virtually any domain where creative thinking is
required.

Although advice-glving programs may not look
very different from multiple choice courseware to
tl ~ programmer, they have radically different edu-
cational goals, pha most important of which is the
development of problem solving ability., given the
simplicily of the programming effort ae coapared
to games and eimulations, sdvice-giving programs
are particularly attractive for any educator in-
terested in developing the student's creativity.
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INTRODUCTION

The purpose of the present paper is to
describe a project which uses the unique
and high-speed capabilities of the com-
puter to match adolescents with books
which the students are capable of read-
ing and which they enjoy reading. The
ultimate mission of the project is to
increase the amount studentsgs read, which
in turn would enable theia to become

"better readers. 'Enhanced reading ability
and attitude would then motivate students
to read more: thus, the probability of a
cycle of life-long reading habits for the
ingéYidual would be increased (Mathewson,
19 .

Traditionally, reading has been viewed
as a hierarchical skills arrangement.
This conceptualization has been reflected
in reading instructional programg which
incorporate highly structured approaches
t0 word recognition and comprehension
skills. The underlying assumption has
been that students who are thoroughly
grounded in word attack skills, phonics,
sight vocabulary, word analysis, spelling,
and other reading subskills would use
thase skills in reading, thereby becoming
able readers.

Computer asgistance in building read-
ing subskills is not unusual. Illustra-~
tive projects in CMI include the Wiscon-
gsin System of Instructional Management
(WIS-SIM), the Instructional Management
System (IMS), the Interactive Training
System (IT8), and the Stanford Project
{splittgerber, 1979). Numerous CAI pro-
jects in reading have been implemented
gince the mid-1960s8 that capitalize on
both drill and practice and tutorial
modes (Atkinson, 1968; Atkinson, Fletcher,
Chetin, & Stauffer, 1970: Atkinson & Paul-
son, 1970: Madachy & Miller, 1976: and
Morrison, 1979). Computers have also
been uged to establish the "readability"
levels of print material (Barry, 1979;

Barry & Stevenson, 1975: Pany, 1968: Kar-
ten, 1978; and walker & Boillot, 1979).

Recently, reading specialists have
posited that fluant reading develops as an
integrated process rather than as a loose
collection of reading subskills. Fluent
reading entails much more than the sum of
specific skills. Such skills provide a
necessary but insufficient foundation for
the development of mature reading- (Good=
man, 1976: Smith, 1971). Profound in its
implications, the basic idea reduces to a
simple formula--young people nged to prac-
tice reading in order t¢ become good read-
ers (Allington, 1977: Daniels, 1971: Fader
& McNeil, 1968; and Squire, 1973). How-
ever, students who are in most need of
reading practice tend to read the least.
The results are that the reading deficit
accrues with age, ultimately resulting in
gsecondary students who can neither read on
a lavel congruent with their abilities nor
enjoy reading.

RATIONALE

The basis for the project described in
this paper is that students do not read
partly because they fail to find reading
materials which ar- comprehensible and
interesting to them. However, a variety
of books do exist that span the abilities
and interests of virtuaally all students.
Therefore, a sound argument can be ad-
vanced that the problem iz not one of
availability but one of accessibility.

On the basis of current trends in read-
ing, it could be reasonably hypothesized
that if various student characteristics
and preferences could beé matched with
corresponaing book characterietics, the
probability of the student increasing his
or her interaction with print would be
enhanced., Further, the increased reading
would result in a better likelihood of the
student becoming an improved reader and
developing more favorable reading habits
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and attitudus. Therefore:, a major task
becomes one of maximizing the match be-
tween student characteristics and perti-
nent print characteristics iv. order to
select a book that the student can read
and will en)oy. Gilliland (1972) pre-
sents this task as follows:

Readability is primarily concerned

with a basic problem familiar to

all people who choose books for

their own use, or who choose hooks

for others to use. This is the

problem of matching. On the one
hand, there is a collection of
individuals with given interests

and reading gkilla. On the other

hand, there is a range of books

and other reading materials,

differing widely in content.

style, and complexity. The ex-

tent to which the books can be

read with profit will be deter-

mined largely by the way in

which the two sides are matched...

(p. 12).

The time-consuming task of matching
students and books has typically relied
on published bibliographies; human recall,
and trial and error. Such techniques are
cbyicusly limited. Finding books which
contain all or most of a desired get of
characteristics is a complicated task: in
fact, it is virtually impossible if the
set of characteristics is large and the
resources for finding them are limited
to human intervention techniques. Simpson
and Soares (1965), Jongsma (1972), and
Stanek (1975) have found that librarians
and teachers, regerdless of their in-
tentions, f£ail to accurately consider
the reading interests of young people
when purchasing or recommending books.

Resgsearch over the past decade or so
provides clues as to what variables arc
important for matching considerations.
Robinson and Weintraub (1973) and Squire
{1973} have confirmed the importance of
reading interests of students when
selecting reading material. Purther, the
reader's age, grade level, socipeconomic
background, sex, and cognitive reading
abi.lity will tend to influence reading
preferences (Ashly. 1970: Carlsen, 1967:
Jungeblut & Coleman, 1965: Hansen, 1973;
Scharf, 19737 and Soares & Simpson., 1967}.
Book characteristics which tend to he
influential include amounts of dialogue,
concreteness of language, type of narra-
tion, and the deyree of action and con-
flict provided {Carlsen, 1967: Jungeblut
& Coleman, 1965: and Simpson & Soares.
1965). The reader’s age, grade, sex,
ethnic background, personal history,
hobbies, and the book's length. theme,
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linguistic readability, etec., will com-
bine in a predictable manner to determine
just how interesting a particular book
will be to a particular reader (Emans &
Patyk, 1967; Smith & Johnson, 1972).
Thus, it becomes clear that the quality
of the match between a reader and a book
ig a function of numerocus personal traits
and textual characteristics: however, the
literature does provide a comprehensive
list of the mogt important variables.

THE BOOKMATCH SYSTEM

In keeping with the goal of getting the
most gsuitable books to students, the most
pertinent variables were incorporated in-
to algorithms which were subsequently
coded for computer orocessing. First,
individual student preferences regarding
print characteristics are considered.
Figure 1 shows the variables .on which
students can express their personals
sentiments.

Three of the characteristics relate to
the characters portrayed in the book, one
relates to the setting or location of the
story, and then 88 topical interest arsas
are considered. With respect to the "in-
terest areas," the student sivwply indi-
cated how well he or she likes each par-
ticular area from .he list of 88 tnpics
on a three choice response format coded
as follows: (Y} Yes, véry much, (S)
Sometimes. It’s OK., (B) Bo, I don't. Of
the 88 interest areas, 29 are human drama
thzmes lecology., drugs, personal beliefs,
loneliness, etc.).

Corresponding to each connecting line
shown in Pigure 1, an algorithm was devel-
oped and coded into a FORTRAN subroutine
for a main program. However, Figure 2
displays additional algorithms for refin-
ing the match between students and books.
Figure 2 sHows three student traits thau
represent somewhat diZferent constructs
from the studerit variables (preferences)
shown in Figure 1.

The student traits which are linked to
various book variables are reading abil-
ity, attitude toward reading. and grade
level. For example, three algorithwms use
a measure of student raading ability to-
gether with: (1) linguistic difficulty
of the book. (2) when the story appeal
begina, and (3) the length of the hook.
Conceptually, better readers can more
readily comprehend more difficult text,
they can comfortably tolerate more intro-
ductory background prior to the beginning
of the story appeal., and they will tend to
cope hetter with longer books than poorer
readers.

Students’ attitudes toward reading are
also used (Figure 2) to help discriminate
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among books. The algorithms use a meas-
ured attitude score based on the follow-
ing heuristics. Students having better
attitudes toward reading, as opposed to
those with poor attitudes, will be ahle
to cope with longer books, will not re-
duire early story appeal, and will rely
less on physical action as a prerequisite
for enjoying a book. Finally., the grade
level, since it is associated with chron-
ological age and maturity, is also com-
pared to the linguistic difficulty {which
is measured in grade egquivalents}! of the
books and to the length of the books.
Generally, students in lower grades will
not enjoy longer and/or more difficvlt
books.

A FORTRAN main program was written for
the Xerox Sigma 6 system which includes
subroutines incorporating the schemes
shown in Figure 1 and Pigure 2. The func-
tion of the program is to receive individ-
ual gtudent variables as input and match
them with each of the approximately 5,000
books in the data base. Each variable of
each book is compared with the respective
student variables and differential
weights are assigned according to the de-
gree ¢f match and the relative importance
of the variable. The weights are con-
verted to points and summed, resgulting in
each book being scored for each individual
student. The books with the highiest num-
ber of total points are listed as a per-
sonalized bibliography for each student.

The functional operation of the match-
ing process {referred to as Bookmatch) is
shown in Figure 3. As ¢an bhe seen, the
firast function is to extract a subset of
books which are accessible to the student
from the book data bhase. In most cases,
this subset is the achool's library hold-
ings which have been furnished by the
librarian. Second, each variable of each
book is compared with either the student's
preferences and/or traits. The algorithms
accumulate a point total {(score} for each
book. Finailv, the books receiving the
highest score (most accumulated points)
are printed. fThis ocutput includes the
author (8}, title, type of book {fiction,
nenfiction, biography. etc.}, and a brief
annotation ¢of the book.

Bach stiident receives A printed list
of his or .iexr own personalized bibliog-
raphy. The bibliography includes the top
20 books and must contain some nonfiction
and biographies along with fiction.
Summary reports for teachers, lihrarians,
ard administrators are also provided.

DATA BASE
0f significance to the success of the
system is the data base which contains

information on books written for early
adolescent readers {grades 5 - 9). Hew
volumes are periodically being added to
the data hase which presently contains
about 5,000 volumes established over a
three-year period. Initially, pertinent
book variables were identified through a
review Of literature in the field of read-
ing. The original pool of variables was
verified by a committee of public school
reading teachers and university reading
specialists. Two of the original varia-
bles were subsequently omitted from the
list due to variations in printing styles
acrosg separate editions of many of the
books. These two variahles ware "number
of pictures” {or non-print figures) apd
"gsize of type."

Second, a master list convaining the
titles of books t0 be included was com-
piled from published recommendations from
widely recognized sources including the
Amer ican Library Asscociation, Library of
Congress, School Library Journal, American
Guidance Services, International Reading
Association, and the Hational Council of
Teachers of English.

Reviewers were tiained to evaluate
characteristics of books and to prepare
anpotations. These reviewers congisted of
reading professionals witn masters degrees
and with either adolescent reading or
library experience. fThe book evaluations
were checked for reliability and were
further validated by a reading specialist.
The annotations were refined by a profes-
sional editor. Book data were then coded
and gtored for computer match of book
characteristics with student traits and
preferences.

SUMMARY

Based on the notion that practice in
reading will be facilitated when readers
and appropriate literature Are brought
togefggr, a project called Bookmatch is
presently being implemented. In order to
match reader characteristics ap® pre-
ferences with textual characteristics of
books, & medium with capabilities for vast
data storage, retrieval, and rapid arith-
metic compariscn Operations was reduired.
The computer was the logical choice to
handle the task. During the Bookmatch
Processing, books are scored according to
the degree to which they favorabhly compare
to student preferences and characteristica
On the basiz of these scores, the computer
provides a printout with a perscnalized
annotated bibliography containing the most
conprehensible and interesting books that
are accessible to the individual student.
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Figure 1. Schematic for matching algorithims of student
preferences and book variables.
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Pigure 2. Schematic network for matching algoxithms of
student traits (characteristics) and book
variables.
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Figuze 3. Punctional Schematic for POOXMATCH operation.
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NON=HARMONY ¢
A VITAL ELEMENT OF EAR-TRAINING IN MUSIC CAI
Jodn C. Groom-Thornton

Antolnette Tracy Corbet
&chool of Music
North Texas State University

Denton,

T 76203

(817} 788-2791 ext. 269

INTRODUCTION AND BACKGROUND

Computer-assisted instruction (CAI)}
in ear-training has become an important
asglstant to classroom teaching in the
first two Years of college-~level music
theory. The student's aural skills (which
are needed to deal with the three basic
elements of muaiec =~ harmony, melody, and
rhythm} can be greatly reinforeced with
such -individual instruction. Part of the
success of this reinforcement is that
while these elements are integral parts
of a complex multi-dimensional subject.
theyY can be separated from esach other to
a great extent, so that classroom teaching
{and CAI lessons) can concentrate on
virtually one element at & time. 1In
particular, this system allows the lesas
advanced student to concentrate his
efforts upon developing his understanding
of one broad subject at a time. As his
skillls and confidence grow, he la better
capable of identifying these elements in
various combinations, and eventually of
undexrstanding them in their musiecal
context.

As soon as the student has developed
some skill in each of these three areas
and has begun to understand the integrated
whole, 1t 18 necessary to introduce the
concept of "non-harmony.® 2As the name
implies, thig element lies outside the
realm of the established harmonle struec~
tire but relies on melodic and rhythmic
context to differentlate among the various
forms that it takes. Despite its rather
negative title, non-harmony is a very
positive part of music -~ an aspect of
the concept of varlety which helps to
delineate style. In practice, non-
harmony takes the form of short melodle
and rhythmic patterns which augment the
harmonic context. These patterns fall
into approximately ten categories for
which terminology 18 fairly standard.

Each term rafers to a type of non~harmonle
tone which definea its own speclal pattern

and context. Although each pattern is
rather specifiec, melodic and rhythmie
context can vary somewhat and harmoniec
context can vary gi:atly. For this
reason, the necessity of drill and prac-
tice of such varlance presents a logls-
tics problem in the classroom but 1is
greatly helped by random access and tran-
position available with CAL. .

METHOD

The ear—training CAI system at North
Texas State Unlversity employs the Auto-
matle Music System {AMUS) designed by
Professor Dan W. Scott of the Computer
Sclences Department. The AMUS system
consists of a Motorola 6800 microprocessor
with & CRT terminal and apeclalized music
hardware (MUSOR). The microprocessor
translates the musical score and accesses
the MUSOR, which 18 the actual sound-
producing apparatus englneered by
pProfesgor Scott. The AMUS system 1=
econnected to an HP 2000~-F Timeshared BASIC
computer, which provides additional file
atorage capabilities. This system uses a
flexible score language for notatlon input
and offers a varlety of timbre and articu-
lation possikilities. Of primary impor-
tance 1s the facility of rapid plavback
which is a substantial advantage cver
other computer~based music systems in its
cost range.

The non-harmonic tone lessons were
constructed using a simple melodle and
rhythmie four-volce chorale style. This
gimplicity was not due tO any system
limitations, as the system 1s capable of
rapld and complex articulations ©f rhythm,
a wlde range in melody, and up t¢ seven
simultaneous volceg for harmony. Rather,
the simplicity ‘was maintained to limit
the n r of varlables of elements other
thar those being tested and to glve a
fairly normal musfcal context. For e#ch
exanmple heard, the baslec context was a
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five—to seven~chord progression of four
voices in quarter-notes. To this strictly
hammonic setting, one or more non-harmonic
tones were added in eighth-note motion.
Since there were ten categories to be
covered, the following factors determined
the order in which the terms were pre-
sented. Group I consisted of the five
non~harmonics that normally occur off the
beat or in a rhythmically weak position
as compared to the note of resolution
which comes directly after. Group II
congisted of the four non~harmonics that
occur on the beat or in a rhythmically
strong position, and usually displace or
delay a note of the harmony. The last
category normally has no such rhythmic
definition. Due to the rhythmic contexts,
Group I is considered easier to hear than
Group IX, Also, in actual practice in
music literature, the patterns in Group I
generally occur more often than those in
Group II.

Within Group I, the five unaccented
non-harmonics (with their standard abbre-
viations) were presented in this order:

1. unaccented passing tone (UPT} _

2. neighboring tone, upper and lower
{UN, LN} also gometimes called
"auxiliaries"

3. anticipation (ANT)

4. escape tone or echapée (ET)

5. changing tones (CT)

Within Group II the four accented non-
harmonics were given this order:
6. accentad passing tone (APT)
1. suspengzion (SUS)
8. retardation (RET)
9. appoggiatura (APP)
The final example wass

10. pedal tone (PEEL)
The ir’:rnal order of the two groups was
chosen to préesent the most-often heard
categories first, in ordex ta start the
studen* #ith the most familiar patterns.The
only exception to this practice occurred
with categories 8 and §., The less-often
heard retardation (#8) was placed before
the appoggiatura {(4#9) in order to present
it directly after the suspension, on which
it is patterned. Also, this order was
selected because ,ummary lessons are used
in various places hetween individual pre-
sentations, and a ¢ 'mmary to show simi-
laritieu and differences between the sus-
pension and retardation would logically
come before proceeding to the next (and
less~rel yted}) non-harmonic.

The general need for both immediate
and cumulative summaries of such a large
number of elements cesulted in seven such
lessons being inserted into the sequence
already discussed. While each of the ten
single-element lessons seemed well served
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by the examples {which were carefully
written to provide maximum exposure to
the variations encountered in music), the
summary lessons gradually grew in pumberx
of examples since they demonstrate a
variety of combinations of these elements.
Of course, this variety is further
expanded by random selection and trans=-
position.

A standard format for the student's
answer was Kept for all of the lessons.
Because of the complex situation presented
by non-harmony, the gtudent's response
could not be reduced below three elements:
the rhythmic, melodic, and non~harmonic
contexts. (This sequence best repre-
sented the student’s understanding of the
factorg involved, as determined by the
author's experience in teaching.)

For the first element, the student
tyres a number from one to six, locating
the beat with which the non~harmonic is
associated. (Although many examples are
seven chorxrds long, a basic precept of non-
harmony ig that it must finally resolve
into harmony. Therefore, non~harmony
could not be.associated with the .seventh
beat.} The second slement of the stu-
dent's answer is a capital "S" or "B"
which indicates that the non-harmonic
occurred in the soprano or bass melodic
voice. (The choice was limited to the
upperx and lower voices to afford a measure
of variety while avoiding the upnecessary
complication of determining locations in
inside voices when these voices can be
extremely close,} The third and last
element of the student's answer is the
abbreviation that identifies the non-
harmonic itself from among the ten pos-
sible labels. Even though this part of
the answer would be cbvious in any of the
single-element lessong, the act of typing
the abbreviation reinforces the student's
aural impression and establishes a pattern
of response which does not need to be
alteired for the summary lessons. All
elements of the answer were separated by
commas, even when the example involved
moxe than one non~hartionic response.

One other factor, a chord tone, was
added to a few random examples within
each lesson. A chord tone may resemble
a non-harmonic tone in rhythmic and melo-
dic placement, but it is part of the har-
mony (as opposed to non-harmony), and its
pattern of usage does not necessarily
parallel that of a non~-hurmonic tone.

Thig factor was added to insure that the
student would truly listen for non-harmony
and not just attempt to label anything
that moved! These chord tones do not
require any response from the student
other than to understand that they were




.

56 NECC 1980

notes which'were not part of the non-
harmonic answer.

RESULTS

In final sequence, there are geven—
teen lessons, delineated as follows:
Nl. UPT - Unaccented passing tones
occur most often of any of the non-
harmonics and are located equally
well in soprano or bass.
H2. UN, LN - Upper and lower neigh-
bors occur mainly in soprano, as
reflected e examples.
N3. BANT -‘anticipations occur almost
exclusively in the soprano and
usually very close to the and of
the progression.
N4, Immediate summary of Lessons 1,
2, and 2 {the most-often heard
unaccented non-harmonics).
N5. ET - Escape tones occur mainly
in the sopran® voice.
N6, CT - Changing tones involve a
definitive four-note pattern and
occur only occasionally in the bass.
N?. Immediate summary of Lessons
5 and 6 (somewhat similar patterns).
N8, Cumulative summary of all unac-
cented non-harmonics {(Lessons 1
through 7).
N9, APT - Accented passing tones,
like unaccented ones, occur in both
soPrano and bass.
N10. Summary of APT and UP? (Lessons
1 and 9}. These two patterns occur
quite often and are alike except
for rhythmic placement.
Nll. & - Suspensions occur in both
voices in many cases.
N12. RET - Retardations parallel
#uspensions in every way except
that they resolve up instead of .
down.
N13i. Immediate summary of the ac-
cented non~harmonics covered thus
far {Lessons 9, 11, and 12},
N14. APP - Appoggiaturas may have
slightly varied melodic patterns
and most often occur in the soprano.
'N15. Cumulative summary of all ac-
cented non~harmonics (Lessons 9,
11, 12, 12, and 14).
Nlé. TED ~ Pedal tones are the least
often used, but are the most obvious
non-harmonics to identify, occurring
mainly in the bass.
N17. Final cumulative summary of all
of the non~harmonics (This lesson
cont.aing the most examples).

SAMPLE

The following example shows Lesson Nl
{up ith comments on specific features,
Cs i, 1/13/80, JCGT & ATC

C: CHORD PROGRESSTONS WITH UNACCENTED

C: PASSINGWTONES

H: FIRST ANSWER IS THE NUMBER OF THE

8% CROADAFTER WHICH THE HNON-HARMONIC

H: TONE :SOUNDS.

H: SECOND ANSWER IS "S" OR "B" FOR

H: SOPRANO OR BASS VOICE WHERE THE NON-
H: HARMONIC TONE OCCURS.

H: THIRD ANSWER TS THE ABBREVIATION (UPT)
H: FOR THE NON-HARMONIC.

H: TYPE LETTERS IN CAPITALS (WITH SHIFT
H: KEY).

H: {SOME MOVING EIGHTH-NOTES MAY BE CHORD
H: TONES.)

The "H" statements are "hints” which the
student may branch back to at any time to
obtain reminders ahout valid answers and
format,

T: $N, HERE'S A LESSON TO HELP YOU LEARN
T: NON-HARMONIC TONES.

T: THESE WILL BE UNACCENTED PASSING-TONES.
P: 2

The "T" statements are zexts which the
student sees, and the "$H" addresses the
student by his own name. The "P: 2" is

a two-gecond pause (with the text still on
the screen) to allow the student to absorb
the information.

Cs:

g: 2

T: I'LL PLAY 5 TO 7 CHORDS.

T: YOU TYPE: WHICH CHORD (1.,2:2,4:.5 OR 0
T: ©)} THE NON-HARMONIC OCCURS AFTER.

T: WHETHER THE NON-HARMONIC IS IN SOPRANO
T: OR BASS (S OR B) IN CAPITALS.

T: THE ABBREVIATION FOR THE RON-HARMONIC
T: (UPT) IN CAPITALS.

T: TYPE A COMMA (,) AFTER EACH PART OF

T: YOUR ANSHWER.

T: FOR INSTANCE: 3,B.UPT

T: MEANS THE NON-HARMONIC OCCURRED AFTER
T: THE THIRD CHORD, IN THE BASS VOICE.

T: AND IT WAS AN UNACCENTED PASSING—

T: TONE.

P: 10

The"CS" then clears the screen go that the
following text can appear as a stationary
group without rotating off the screen.

"S: 2" double~spaces the text of added
visual impact. The text contains specific
instruction on the anwer format and gives
a hypothetical student response with
explanation. Again, there is a pause of
ten gseconds for comprehension.

T: HERE'S AN EXAMPLE (WITH ANSWER), SH--
T: $R 4Cp 3C 2E GE

T: 4EE

T: 4G 3Bp 2p GQ

T: 4E 3CU 2G CUQ

T: 4F 3C 2F ADD

T: 4G 3Gp 2p BE

T: CUB

T: 4Gb 3B 2F D

T: 4CU 3G 2E CH
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P ?

P: 20

T: %5 SE

T: YOUR ANSWER: 5.S5,UPT -~ RIGHT, SN ?
¥t 10 .

The next section plays a sample example
for the student (lines 145 ~ 205 process
the sound) and then gives the correct
answer with a pause for comprehension.

T: HREMEMBER:
T: IYPE A "," BETWEEN THE PARTS OF YOUR
T: ANSWER,

T: TYPE A "?" TO RE-HEAR THE MUSIC,
T: TYPE " //HINT" FOR A HINT ABOUT
Tt ANSWERS.
T: (YoU MAY WANT '‘TO GSE PAPER AND PENCIL
T: 70 JOoT DOWN ANSWERS BEFORE YOU TYPE
T: THEM IN.)
P: 10
——— The student then Sees the final reminders
on basic procedures for dealing with the
nysical examples,
T: LET'S GET STARTED. $N!
Vi 123456SBUPT.
Q: LO0CR\DAP4/5\3 >
The actual examples are then announced
- — - to the student, " -"V" gives the valid
* characters for the student's answer. For
every lesson the first eight characters
are the same; the numbers 1 through &
are the possible answers to the first
question of beat (rhythmic placement);
and "s" and "B" are the possible answers
for voice (melodic) placement, The last
characters label the non~harmonic and
range from a single one~ t0 three~ letter
grouping (for the single-element lessons)
to the complete list of all non~harmonic
pogsibilities for N17., In this sample
lesson of N1, only the gingle abbrevia~-
tion of UPT is wvalid. PFinally, "Q*
formats the Questlons., 1In this case
there are 10 possible examples from
which the program makes a random selec~
tion and a direct comparison. The stu~
dent completes the leason when he
answers four out of five times correctly.
and he is allowed three tries.befobe the
correct answer is given by the computer,
Ten &xamples then follow which are
similar to the sampie example of lines
145 through 190.

DISCUSSION

The seventeen lessons of this non-
harmony project are all presented in
parallel format to establfi.sh a consistent
pattern of thought and approach and to
minimize confusion as the lessons grad-
ually become moxe complex. Each element
is introduced in a lesson devoted solely
to its preblems and contexts, and summary
lessons gradually combine the elements in
a logical order, Data on students’
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responses are kept and made available to
the classroom teacher for evaluation and
advising.

SUMMARY AND CONCLUSIONS

Music poses interesting instructional
problems because it shares with other
fields (for example, chemistry and math)
a well~defined vocabulary for musical
elements. However, musical teaching must
include showing the relationships among
these elements. MNon-harmony is an egsen-
tial component of these relationships,
and thus forms a model for the solution
to the problem of teaching.relationships
in many fields.
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Compter Literacy

A CASE FOR INFORMATION LITERACY
Dr. B, B, Schioming
1BH corporation
10401 Ferowood Road
Bathesda, MD 20034
301/897-2090

INTROGUCTION

Although digital computera have
been present In educational ilnatitu-
tions for over 25 years, only a small
percentage of atudents have been ex-
posed to them. As the cost of com~
puting continues to decline, it is be-
comlng fimanclally feaslble to lotro-
duce the majorlty of atudents to coum~
puting and data processiun:.

Dr. Andrew R. Molmar J1) 1s an, artli-
culs te spokesman for the axpanded inte-
gratlon of the computer fute Amerlcan
education. <clting our shift from an
industrisl aoclety to a knowledge-based
soclety together with the luternational
challenze to ¢ur techntloglcal leader-
ship, he makes a comprelling case for
computer literacy. Dr. Holnar 1z not
alone fo hils views. The te:=m "computer
literacy” 1s belog Llncreaslogly used
and discuseed at educatlonal confer-
eaces and in the educatlonal litera-
ture.

The objectlive of thir papar s to
explore the future content of computer
literacy education. Basr’ upon an
assessuent of current computer/data
proveasing educatlion, trends in tech-
nology, aod & projectlon of the future
informatlor environment, a get of three
future skill categories 1s definad.

o~ Cowputer/Data Processlag Pro-

fesslcnals {2} - the computer
experts

« Iuformation Systea Profasslon-

als (3,4} - the integrators of
the computer and business pro-
cerses

e« The Bnd Users - the Iinformatlon

aystem custoler

The first two categorles are, of
coursas, key arcas requlring educational
plaoning and lavestment. However, froam

s gtatlstical polnt of view. they will
repregent a small minority of the popu~
lation interacting with future ilnforme-
tlon systems., It ls the end user major-
ity for which computer literacy is
probed 1la this paper. The result of
thlies exerclse ls a recommendatlon for
the credtlion of a course entlitled "An
Introductory Course 1ln Informatlon
Literacy" for the majuority of under-
graduate students who are pursulng a
pnajor other than computing.

TECHNOLOGY DIRECTIONS

The 1%8us wi concelvably sea an
order of magnltude growth 1o computing
power. Responalble for tnls growth
will be the continued decline in cest
of electronlc componments together with
the elastic demand for data processlng
services. The concapt of the computer
v1ll rhange as procassing capabllity le
diat, . uted into many devices. Today's'
hobb t with a milcroprocessor at home
capa. . of comaunlcating with o distant
large computer 1s a begloning axample
of distributed processing. .One of the
reasous for thie trend 1s that the
cost of computing has dropped below the
cost of + mmunication. Thus 1t bacomes
desirabl .o satisfy local dats pro-
cesslng requlremonts at the scurce
while commumicating only that datas
requlired by other sltes. Communication
costs wlll also contlnue 47 decline
as gever forms of broadhaad communi-
catlon, such as satellite transulssion,
beconme conmonplace. Agaln, as in the
computer Ilnduatry, change wi'l he drama-
tic la the communicatione industry.
There can be little doubt that informa-
tlon technology growth will contlnue to
he signilficant through the latter part
of thia century.

NOTE: The views expreased in this papar are thosa of the author
and do not necesaarlly represent the views of the International

Businass Machines Corpocvtetlonm.
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The key implication with regard to
educational curricula is that not oanly
will computers change, but the informa-
tion envliromment in which they operate
will changai the way data elements are
moved, stored, and vaed will be altered
a8 wall as the way they are processed.

An analogy to transportation asys~
teas can be drawn tere. Vehicles, road-
ways, and parking fecilities are compo-
nents of a tranaportation systam just
a8 cowputers, communications, data, and
applications are components of an infor-
mation systam. Vahicles are not
studied in isclation by urban planners,
and correspondingly computers should
not be studied in isolation from other
components of the information system.

CURRENT COHPUTBEID&TA PROCESSING
EDUCATION

For the purpose of this discussion,
it is convenient to think of three
clesaes of students that correspond to
the akill categories presented in the
introduction.

« GComputer Majors - tho & prepar-

ing for careers in da.a process-
11!3.

+« Information Syatems Majors -
those preparing for careers in
managenen: with a major in infor-
mation systems.

« Other - those with career sbjec~
tives other than computing or
data processing . . . the future
end users,

Dr. J. Hamblen's most recent inven-
tory of computing in American education
(5) provides insight into the relative
diatribution of these classest 1in ex-
cess of 90X of the studeuts fell into
the “other" category while 30% of the
inatitutions offered courses in the
firat twe categorias. From theae sta-
tistica, it would seemn the computer
major is receiving wore than his fair
ahare of resourcas. .

The status of information gystems
(IS) education is addreased iz a recent
article (6) reporting preliminary find-
inga of the ACM Curriculum Coamittee
for Information Systems. Praf. Jay F.
Huna~aker, chairman of the committee,

.id? "Tha I8 field integrates sys-
.¢ma snalysta, statistics, management
aclance, sccounting, econowics, fin-
ance, marketing, production and compu~
ter and communication technolo-
glas , . . "“Tha U.Z. has nearly five
cosputer sclence departments for every
1S dapartment according to a receat
study not connected with tha ACM inves-
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tigation. WNevertheless, the natlion has
a much higher demand for personnel,
such as IS gradvates, who have a combin-
ation of technical and organizational
skills than for computer sclevc. grad~
uvate: with 'solely’ technical skills.”

With the previous discussion as a
basis, certain conclusions can be nade
regarding future educational require-~
ments of the three categorles of stu-
dents previously defined.

FUTURE EDUCATIONAL RBQUIREHBNTS

+ Vocatlonal and Computer Sclence
Profesaionals =~ The demand for
this type of professional to-
gether with the curriculum
needad to prepare him or her
appears to be relatively well
undarstood and sarved by the
educational community.

. Information System profes-
sionals -~ As reflected by the
Nunamaker study, the information
system concept has been slower
to emerge. Howaver, due to the
efforts of the ACM (3,4) and the
natlon's business schools (42 of
the 52 satisfactory IS under~-
graduate programs were compo-—
nents of business or management
collegea) (6), the problem 1is
understood and undoubtedly steps
will be taken to Improve the
quality and quantity of informa-
tion aystem graduates.

« All Others (the future end
users) - It 1s this group for

. which current computer literacy
appears to be Inndequate. They
wiil take theilr places in market-
ing, pvroduction and adeipistra-
tion with a cursory knowledge of
the computer but not the Informa-
tion system in which they fume-
tion. A hard~earned lesson in
the computer Ilndustry is that &
wmajer cause of Information sys-
tens fallusge has been that they
didn't do what the ugers ex-
pected, The end usars must rep-
regsent thelr needs as input to
the information aystem design
process.

The following course description

addresses the minimux elements of an
informatioun literacy offering.

AN_INTRODUGTURY COURSE IN INFORMATION
LITERACY

Theare are four key compomnents in
this information *iteracy proposal:
computers, application programming,

fal)
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data, and communicatious. The computer
portion could be satisfied with the
traditional "Introduction to Computing/
Data Processing” course currently svall-
able at many Institutiona. There 1s no
need to slaborate here on the contents
of this type of course.

Application Programming
oding in s gh-level lauguage is

not sufficient to understand the role
of application programming. In fact,
for the generaliat, 1t may be of second~
ary lewportance to an awarenass of the
application requirements/prelininary
design process. The following topice
ahould be audrvessed:
« Requirements Study
= Documenting Information flow
in an organization
. Pre’iminary Application System
Desi:n "
- “transaction definitions
=~ Screen formats
« Generatlon of & Software
Specification
« Design of an Applicatien
Sof tware Module
~ Flowcharts
- HIPO diagrame
« Coding of an Application
‘Sof tware Module
- Coding
-~ Testing
- Debugging

Dats
Much as the treasurer is respon-
sible for the money resource in -an
organization, the business community
has come to realize the value of thelr
data records and  the need to assign
vanagement responalbility for thelr
safekeeping and ude. An Informsticn
literacy course should Include the
following subjects.
« The Councept of Data as a Re-
aource
. Data Characteristics
- Physical relazionships
Logical relationships
. Storage Alternatives
. The Role of Data Base Aduminia-
tration
- Dats dictionary concepts

Communications
The fourth and final component of

the Information literany offering, com-
supicatiouns, should lmpart an awarences
of the ragulatory. cogt, and technolo-

glcal aspects of the lirks in & contem-
porary Information aystem,

« Industry Structure
~ Common carrler gervices

« Switched
 Leasad )
« Valve added - packet
switched
« Satellite
. Other
- Tariffs

« Informatlion Matworks
- Combining communications
and data processing
- HNetwor« architectures
« Centralirzed ’
« Distributed
« Design Tradeoffs
- High volume - batch
- Interactive
~ Public va private

It should be poted that each of
these four toplca iz a complex special-
ty In its own right. ¥No pretense 1is
made that skill 4o any of the toples
would be developed through the course,
but rather a conceptual knowledge of
the alements in an information syaten
would be galned. Aleo of equai impor-
tance, the role of the end user in an
informtion system design would be eptab-
liahed.

A two-senester gequence wonld be
desirabla; however, a one-semedter sur~
vey course could also be of value. The
business school, becauvse of itg prece-
dence In information systews curricula,
would be a logical cholce to >f-er this
introductory course.

In conclusion, it iz hoped that
this presentation stimulates thinkiug
in the educational community with
regard to ity role Iin prepsring etu-
denta to coaxist with information tech-
nology in the 2lst century.
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A BYTE OF BASIC

Judith A. Hopper

Arapahoe County
District ¢
Grant Jdnior High
Littleton, Colorado 80122
(303) 795-2560

INTRODDCTION
The average U. 5. citizen has not the

foggiest idea of how computers work and
how pervasive their influence actually is.
Consequently, he has no idea of what to

do when a computer makes a mistake; he has
ne idea of how to vote on leocal, state, or
national igsues involving computers {(e.g.,
the establishment of a naticnal data
bank}; he is, in short, culturally dis- _
advantaged.

It is therefore essential that our
educational system be modified in such a
way that every student {i.e., every pro-
spective citizen) become acquainted with
the nature of computers and the current
and potential roles which they play in
our sogiety. It is probably too late to
do much about adults, but it would be
disastrous to neglect the next genera-
tion.

- Committee on Computer Education,
Conference Board of the Mathe-
matical Sciences

Por today's children, understanding
computer fundamentals is One very
important factor in building an informed
citizenry for the future. Students who
are computer literate will have ..etter
career opportunities and less career
shock. They will be better able to cope
in a world with rapidly moving and ever-
changing technclogy. Thug, in this era
called the Age of Information, schools
can no longer delay in bringing the
computer into their curricula.

A BYTE OF BASIC

Seeing the need to get some kind of
program with computers started in her
school district, the author of this paper
wrote a proposal to pilot a computer
literacy and BASIC programming class at
the junior high level. The district pur-
chased an Apple II microcomputer and
things were off and running.

A clasg of fifteen eighth and ninth
graders was chosen for the project. The

class, to be cne semester long (eighteen
weeks) , met five days a week for Fifty-
five minutes. <The Apple II is a 32K
system with a Centronics printer. It wasg
felt a hard copy would be a benefit in
that the students would have =scmething
tangible to take home to show to their
parents.

The class was begun by acguainting the
students with computers in general: what
is a computer system, what are its parts,
and wiat does each part do. Using their
knowledge and expanding what they knew,
the class discussed various types of
input/output devices as well as particular
usage, i.e., in business, industry,
science, and research.

In order to get the students on the
computer as guickly as possible, flow-
charting and algorithms were {'1e next
topics presented, As it was important for
the students to be able to break down a
problem inte its component parts and
analyze each stcp of the solution, flow-
charting was introduced as a pictorial
raepresentation of this process.

Simple programming was introduced next
to acguaint students with the computer.
Feeling comfortable with the computer and
learning the on-off procedures in using
the computer were the main objeotives.

The introductory programming was simple to
insure each student initial success at the
terminal.

Egg cartons were then used to build
perscnal computers for each student. In
beginning to write more difficult programs
the students had t¢ put their program
through their "BEGG 12" system first to be
gsure it was doing what they had intended.
Once it wag demonstrated that it would run
on their computer, they could run it on
the Apple. Using this technique forced
them to evaluate their own work and make
corrections as needed.

As the clags progressed through the
semester, more and complex programming
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was introduced. Most all of the common
BASIC statements were used (LET, IF-THEN,
TAB, GO TO. REM, POR-NBXT, PRINT, etc.)
and algo some library functions (SQR, ABS,
INT, RND). 1In addition., as the machine
being used hasg cclor graphic and string
variable capabilities, these were soon
added to the repertoire of the student
PriOgrammers.

Interspersed among the programming
lessons, other teopics were presented. In
answer to the question of what does the
computer do with the program once it has
been typed in at the terminal, machine
language and the binary system were dis—
cusged. Changing numbers back and forth
from base two to base ten, and adding,
subtracting, and multiplying in base two
were some typical clags activities. A
comparison was also made of a program
written first in BASIC, then in.assembler,
and £finally in machine language.

*he concept of language interaction
resulted in the introduction of the
origins of BASIC and the history of com-
puting. Beginning with Stonehenge, the
abacug, and the slide rule, the class
proceeded through Pascal, Babbage,
Hollerith, Aiken, Hopper, von Neumann,
and othergs. This discussion of the
development of the computer and its
changing faces served to illustrate
where we are in terms of both current
computing capabilities and conjectures
about the future.

The class enjoyed learning to use
various computing devices, the abacus
being of particular interest to them.
The Slide rule and calculator were also
introduced as well as a ten-year old

" Hewlett=Packard ,2000 series computer,

which required marking Hollerith cards
Wwith a pencil. As the students were
exposed to these devices, they learned
both the limitations and the capabilities
of each.

An important part of any literacy
class is not only learning what a computer
can and cannot do but also keeping up with
some of the literature available on com-
puterg. Throughout the course the
students had to read a number of articles
from varlous peciodicals acquainting them
with what was going on in the world of
computing. They had to bring current
articles in from magazines and newspapers
and write reports. The vocabulary of
compu tér-ege was carefully Jdisi-ussed so
that as complete an underatand’ng as
possible was available. Any ne& develep-
ments of computer usage were also pointed
out and digcussged.

Field trips were made to obsarve the
use of computers outside the classrom,
and several people working in t'2 com-
puting £ield ware invited “o speak to the
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class. They discussed various iobs
directly related to using the computer,
the tra‘*ning required, the responsibili-
ties that go with the jobs, and the avail-
ability of openings in the field.

It was hoped that with the completion
of this course the students would have a
working background knowledge of programe
ming, that all fears of a computer would
have been extinguished, and that they
would be aware that computers have great
potential and capabilities but also limit-
ations. If the development of the
computer continues at the rapid pace at
which it is now moving. the students’
world will truly be a computerized world.
Any knowledge of the field they can gain
now will serse to make their lives that
much easier upon completion of their
education.

FINDINGS

This first class was an enthusiastic
group of fifteen students. They were
excited about working with the computer
and could hardly wait for some hands-on
experience. This enthusiasm continued
.nroughout the semester. Each time the
students wrote a program, they immediately
wanted %o test their programming abilities,
gaining a great deal of satisfaction in
watching the computer do what they had
intended.

But while there was enthusiasm, there
was also some apprehension among the
students. One of the primary goals of the
class was to overcome this fear. The
students need to be comfortable and feel
at home with the terminal. Providing them
some initial success with computers was a
way of achieving this goal.

The biggest problem for the class was
the availability cf only a single terminal.
With fifteen students writing two and
three programs a week it was difficult to
schedule time so they each could use the
computer at least twice a week. Some came
in before s~hool, others during lunch and
after school, as well as during the full
hour being used during class. It is hoped
this problem will be alleviated next
semester with the acquisition of four
additional microcomputers.

Another prohlem encountered was the lack
of typing skills in the students. Having
to use the one-finger-hunt~and-peck method
consumed a lot of time when they were
ready to type in their programs. As the
c.ass progressed through the semester they
became better and faster at getting their
programs in, but it remained a time~
consuming problem throughout.

Now that the first class is over, the
students are asking for a second class at
a higher level. They are very interested
in the many facets of the machine and

74




64  NECC 1980

would like to pursue its capabilities.
Unfortunately a second course in computing
is not currently available at the junior
high level {it is at the high schcol), but
it is hoped that these students can be
used as resource personnel. With their
ability to program and run demonstrations,
they may be called on by teachers wanting
information or simulations. B{ using the
computexr in other classrooms, it can
beome an integral part of the entire
school curriculum.

FUTURE OUTLOOK

The computer programming and literacy
clags at Grant Junior Hicgh was a pilot
class for the district. Before jumping
in with both feet the district felt it
best to try an initial program, evaluate
that one, and go on from there.

Concurrently with piloting this class,
visitations to other school districts

with a ‘computer curriculum already in full .

swing were made. As at Grant, there
appeared to be good student interest, but
also conslderable frustration over the
lnadequate number of terminals avallable.

Then, with recommendations from visit-
ations, attendance at several conferences,
and research in the area of computer
education, a proposal was formulated for
the implementation of microcomputers into
the school district. The proposal calls
for one junior high and one senior high in
the district to be fully equipped to begin
the implementation. It 1s hoped that
these two schools working together would
b¢ able to iron out any problems that
would arise so the full district-wide
implementation would progress smoothly.

The proposal for the computer imple
mentation speclfies definite curriculum
recommendations. At the €lementary level
the gifted and talented program already
iz doing some programming. The proposal
calls for some subtle exposure ¢f the
other elementary students -- at least to
acquaint them with cowmputers so that
thelr fears are eliminated.

At the junlor high level it is planned
that all students at some time during
thelr three-year career take a computer
literacy course {possibly nine weeks).
Structured within the clasz would be a
basic introduction to computing -- what
the computer can and cannot do. In
addition o the literacy course a class
in computer programming would be offered
for those students who would like to
pursue the programming aspect. Also 1t
1s hopud other disciplines (math, sclence,
soclal studles, and English) would want to
use the computer as a demonstration tool
for simulati ns, data processing for
axperimental r classroom reeults,

tutoring individuals, or any other func-
tiong -~ limited only by the imagination.

Proc=amming in higher level languages
as well as practice 1n developing software
would be offered at the senior high level.
The proposal also recommends the computer
be used as a tool in higher level math
courses, 1ln sclence and soclal sclence
classes, and 1n the business department
for data processing.

As staff members at each of the schoaols,
in addition to the students, would need
exposure t¢ the machines, the proposal
also provides for inservices and actuwal
classes for faculty members not familiar
with computers. It is heped that teachers
in various disciplines would then be
interested in the computers and want to
use them as a demonstration tool in their
classrooms.

The school board has just recently
accepted this proposal for a two-year
implementation of microcomputers into the
schools in the district. The hardware
requirements are not merely cost-effective
but also offer the opportunity to improve
the quality of education. Where once this
type of technology was used by a few
privileged persons, today 1t is becoming
ublguitous. 3 degree of flexibility has
also been bullt into the proposal so
changes or enhancements to improve the
program can be made.

Education is missing an opportunity 1if
not a responsibility if it falls to pro-
vide its students with the necessary
background to move into the "information
age.” We naed to start now to provide the
public with the understanding of this
information sclence and technology. Aas
JeCeRe Licklider put it: "PeoOple must
Tasser the technology or be mastered by

t.

EQUIPMENT LIYT

High Schoolss
Apple II 48K
Video
Double disk
RF Osclllator
Filrmware Card
Radio Shack 48%
32K addition
Double disk
15 Radio Shack 4K Level II
Master slave
Interfacing connectors
Printers where needed

Junlor #igh Schools:
Apple II 48K
Double disk
Printer
8 Radio Shack 4K Level II
Master slave
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. A COMPUTER WORKSHOP
FOR ELEMENTARY AND
SECONDARY TEACHERS

Herbert L. Dershem
John T. Whittle
Hope College
Holland, Michigan 49423
{616) 3%92-5111

INTRODUCTION

Although computers have been used by
secondary teachers for a long time, only
recently has the microcomputer made it
economically feasible for the elementary
teacher to use the computer in the class~
room. In addition, new technological de-
velopments have made it possible for
secondary teachers outaide the fields of
mathematics and science to use the compu-
ter as a classroom tool. Recent reports
and recommendations (1,2) have emphasized
these facts and indicatad the need to
make teachers aware of the potential the
computer possesses as a tool in the
classroom.

This paper deacribes a ‘wo~week work~
shop which was offerzd by the authors in
the summer of 1979 to provide teachers
with knowledge of computers as they are
applicable to the teachers' classes.

ORIGIN AND OBJECTIVES OF THE WORKSHOP

Through working with students and
teachers at both the elementary and
secondary level, the authors became
convinced that the computer is a valuable
educational tool. But it was apparent
that the computer could be used effec~
tively only if the classroom teacher was
aware of its potential. We believed that
once the teacher learned to use the com-
puter, he or she would be able to use it
in creative and innovative ways in the
classroom. The biggest step was over-
coming the teachera' fear and awe so that
they could implement their own classroom
computer applications or adapt those of
others to their own needs.

With this in mind, we designed a two~
week workshop with the following objec-
tivea:

1) The teacner will be sufficiently
familiar with the operation of a computer
to instruct others in its use.

2) The teacher will know where to find

resources for ideas, activities, and
pPrograms related to the classroom use of

' computers.

3) The teacher will know the BASIC
language well enough to w.soite simple pro-
grams, to introduce the language to stu-~
dents, and to read any BASIC program and
make minor modifications to it.

4) The teacher will have sufficient
underatanding of thes way a computer works
to explain it to students.

5) The teacher will know the technigues
and approaches most frequently usged in
inastructional computer applications and
have experience in their use.

6) The teacher will have {zsigned and
implemented at least one computer activity
for his or her classroom and be capable
of developing others.

7) The teacher will know the types of
computer equipment available for class-
room use and be aware of advantages and
disadvantages of each.

The workshop was intended for teachers
who had no previous experience with compu-
ters and who wished to explore ways in
which thev could improve their teaching
by use of the computer.

WORKSHOP FORMAT

The workshop was divided into two
parts, a laboratory and a lecture, each of
which met for one hour and fifteen min-
utes every day for two weeks. Upon com~
pletion of the course, the teachers re-
ceived two hours of college credit.

The BASIC language was taught in the
laboratory portion of the course. Actual-
ly, “two laboratory sessions were held each
day, one before and one after the lecture,
half of the participants attending each
session. Ten Radio Shack Level II 16K
TRS=-80 computer systems, loaned to the
college by Radic Shack,were set up in the
laboratory and each participant was peated
in front of a unit. The textbook, “Using
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BASIC"by Julien Hennefeld (2), was chosen
bacause it contains many sample BASIC pro-
grams to illustrate concepts. A set of
these programs was placed on cassettes

for each laboratory: then during the lab-
oratory each participant would load a pro-
gram from cassette. Next, the instructor
would talk about the concept illustrated,
have the participants run the prcgram,

and usually ask them to make modifications
to see the effect. The topics covered in
the laboratory during the first week were
as follows:

Day 1 - How to use the computer
LET statements
PRINT statements

Day 2 - GO T0 statements
IFP~-THEN statements

Day 3 - INPUT sgtatements
FOR-NEXT statements

Day 4 - Subscripted variables
Grapgics

Day 5 - String variables
PRINT@ statements

During the second week the laboratory
time was used for each participant to
design and implement a useful classroom
computer activity. The instructors as-~
sisted the participants in the design
and programming ¢of the activities. Addi-~
tional features of the BASIC language and
advanced programming techniques wers cov-
ered as they were needed. On the final
day of the workshop each of the partici-
pants presented the results ¢f his or her
project to the entire group.

In the lecture portion of the workshop,
the participants were divided into ele-
mentary and secondary educators. The top-
ics of the lectures for each group follow:

Day 1 - How Computers Work

Day 2 - Techniques and Approaches in
the Classroom

Day 3 - Elementary - More techniques
and approaches
Secondary - Survey of Resources

Day 4 - Elementary - Survey of Re-

sources
Secondary -~ Problem Solving
Principals

Day 5 - Cnmiuter Literacy

Day 6 - Design Considerations for
Instructional Hardware

Day 7 - Experience with Instructional
Software

Day 8 — Survey of Computer Equipment

Day % - Elementary - More experience

with instructional software
Secondary - How to Teach
Computing

Day 10 - Presentation of Projects

Both laboratories and the lecture were
held in the morning. The room containing
the computers was also left open in the
afternoons 80 the participants could re-
turn and work on their projects. Although
this afternoon work was not required, many
teachers did take advantage of this oppor-
tunity. In addition, gseveral had TRS-80
systems at home or at their schools which
they used in the afterncons or evenings.
RESULTS

Twenty educators from three local
school districts attended the workshop.

Of these, twelve were secondary teachers,
four were elementary teachers, and four
were administrators. All four administra-
tors attended the first week only. Also,
some of the teachers who had previous
computer experience todk the second week
only.

A brief description of the projects
developed by the teachers is found in the
Appendix. Both the instructors and the
participants were amazed at what haa been
accomplished in a two-week period. An
enthusiasm for computer use was generated
by the workshop so that participants went
back to their schools and pushed for the
purchase of a computeér for their classroom

A further indication of the success of
the workshop is the demand for it to be
repeated this summer. This demand is com-
i.g from teachers who saw the effect the
workshop had on last year's participants.
As a result, the same workshop will be
offered twice this summer as well as once
during the academic year. Hope College has
now established its own microcomputer lab-
oratory, so the computers will not be bhor-
rowed systems.

The only modification t0 the workshop

Which we plan is not t0 allow participants

to register for just one week. Those who
took only the first week missed the im-
portant experience of putting together
their own software. It was also difficult
to adjust the workshop to those who came
in during the second week. As a result,
the workshop will not serve the needs of
those teachers with some previous computer
experience.

Interest has been expressed in a work-
shop specifically for teachers who are
already using computers. We are consider-
ing offering such a workshop, which would
cover advanced programming and software
design techniques. In this workshop we
would invite each teacher to bring along a
student so that they could participate as
a teacher-student team. From our observa-
tions, much of the software developed ig
actually done hy such teacher-student
teams with the teacher doing the design
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and the student the programming.
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APPENDIX. PROJECTS COMPLETED BY PARTICI-
PANTE IN¥ THE COMPUTER WORKSHOP

Physics experiment simulation - A falling
body experiment is simulated by the com-
pater. The student is asked to0 provide
the appropriate formulas t0 calculate
expected results.

Geometry drill) - A drill and practice
exercise is conducted using geometric
texrminology.

Spanish drill - A drill and practice on
Spanish grammar and vocabulary is con-
ducted entirely in the Spanish language.

frdering - This program is intended for
use at the elementary level. The student
takes a list of items and places them in
2 described order. Three implemented
orderings are alphabetical, fractions, and
decimals. .

Parts of Speech - The student is given a
word 1ist and after picking a word from
this list, leads the computer to identi~
fying the word by answering the computer’s
questions about its part of speech,

Woxrd house - This program is intended for
students learning English as a second
language. The student is required to place
each of a list of words into its proper
category and word house.

Presidential drill - ‘this program drills
students on presidents and their terms of
office.

Gﬁlf gtatistics - This data collection and
analyais program simplifies the paper work
of the golf coach.

Career counseling aid ~ A student inter-
eated in a career in aocounting can sit
down with this vprogram and £ind out what

Computer Literacy 67

options exist in this field and the edu-
cation necessary for pursuing each option.

Test generator - This test generation
program simplifies the high school math
teacher's job of creating examinations by
randomly choosing problems& which have
garamgters that may also be randomly se-
ected.

Carrying drill - This program drills the
student on carr!ing skills in multiplica-
tion by presenting randomly generated pro-
blems. If the student responds incorrect-
1y the program carries out the multipli-
cation, cacefully specifying each carry
value along the way.

Mortgage payoff - The student can use
this program to examine the effects of
varying the parameters on mortgage pay-
offs.
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- MICROCOMPUTERS
AND COMPUTER LITERACY:
A CASE STUDY

Robert J. Ellison

Hamilton College

Clinton, NY 13323
315-859~4138

T will discuss the role of the micro-
computer in computer education at Hamilton
College. The fociis will be on the kirds
of applications I have found tiseful and on
the methodology that was used to develop
the systems on the microcomputer. My ini-
tial interest in the microcomputer has
been its use fas an aid to teach computer
literacy. I(:ill discuss the development
of an interactive statistical package that
is the core 6f a three week intreduction
to computing 2nd programming. The package
permits elementary programmning and file
management to be introduced without an ex-
tensive introduction to programming.

While the microcomputer can be an ex-
cellent instructional aid, it guite often
is inconvenient for program development.
Most of our applications could not be de-
veluped on a larger machine, however,
since we are very dependent on programming
the screen and the graphice displays. I
will discuss our expurience with the UCSD
PASCAL(TM) system which is now available
on a nunber of different computers. It
has gsignificantly aided the design and
management Of the project. The system's
extensive use of prompt lines makes it easy
for the novice student to use.

It was my goal to develop syatems
which could be easily modified and expanded.
The microcomputer is not large enough to
support A universal packagz: furthermore,
the more complete systems usually also
bring with them a more complicated control
structure. Since our goal is to introduce

- computing to an audience with little if any

compiiter experience, we wanted asimple and
often specialized user interface. But if
we are not going to offer a fairly com-
plete package for the micro, then we
should design a system which can be

easily modit'ied. The statistical package

I will disc.ss was written using a library
of procedures which c¢an be integrated into
a custom system. The package has been sup-

plemented by both the mathematics andbiol
ogy departments for their own special ap-
plications. Some of the materials will
aluc appear in the development ¢of a file
maintenance system in the advanced compiter
science course on data structures. The
limited professional support for academic
programming in a small college practically
forcas us to write general purpose scftwear.

THE ENVIRONMENT

Hamilton College is a liberal arts in-
stitution with an enrollment of 1600 stu-
dents and a faculty of about 135. Over 600
students a year will take courses which
use the computer. The computer science of-
ferings consist of a two-courgse program=
ming sequence (6) and two advanced courses
which emphasize file structures and topics
in data base organization. The first pro-
gramming course is taken by about one third
of tha students before they graduate. The
academic computing is done using a remote
batch entry to the IBM 370/168 at Cornell
University. We will shortly be able to use
the interactive system at Cornell also.
The advanced computer offerings are taught
veing PASCAL and microcomputers.

I am exploring the possibility of ap-
plications which do not require the full
capability of the IBM/370 or which can
take advantage of the simpler operating
environment of the microcemputer. While
the Cornell system supports a quite adequate
number of statistical packagas and program—
ming languages, for the novice the system
is st{ll toco complex to be easily used. A
number of applications involving elemen-
tary program instruction or simpls statig-
tical analysis might be better served on a
smaller machine or one specially configured
for the use.

Learning the control language for the
uge of a computer system is a special prob-
lem for those non=-computing courses that
want to explore the use of the computer as
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a tool. The focus is too often on the de-
tails of the system rather than the prob-
lem to be splved. A well designed micro-
computer system might be of service here
also.

We have selected the TERAK microcom-
puter as our primary unit. The CPU is a
Digital Equipment LSI-1l. The TERAK was
chosen for its graphics capability, a 320
by 249 raster image, and the wide range of
software available. Operating systems for
the TERAK include DEC's RT-1l, the UCSD
PASCAL{TM} operating system, which we use
most often, and the Cornell Program Synthe-
sizer (13), which I will discuss below.
The TERAK can also be used as a terminal
to Cornell, and with the use of a communi-
cations package text files can be trans-
ferred between the two computers. Programs
exist to convert files between the RT-11
and the UCSD disk formats. I have developed
software to transfer the graphics and
character buffers to a Printronix which
has a plot capability.

GOALS s

Qur tost immediate need was for a sys-
tem tO0 support a new offering for computer
literacy in our winter term. Hamilton fol-
lows a 4-1-4 calendar. It was my intent to
offer a short course which could help meet
the demand for computer literacy. Since
our first programming course is designed
for a general audience, I did not feel the
need to teach programming. On the other
hand it seemed important to introduce stu~-
dents to the use of the computer to store
12format10u and hence t0 the concept of a
file.

I felt it was quite important to in-
volve the student mpore than as a passive
observer of the computer. Qur greatest piob-
lem was finding programg and applications
which involved the student with more than
selecting an option from a menu. I ampar-
ticularly interested in examples which in-
volved the maintenance ¢of files on the com-
puter. An immediate application was the use
of a text editor and text formatter. The
UCSD screen editor is very easy to use. 1
had also written the formatter (9)in PASCAL.
1 added user-defined macros with the out-
put directed to the printer, disk file, or
screen. While the text editor could be used
to discuss files and updating of informa-
tion, I wanted a more complex example.

The use of a statistical package
seamed a possibility. The choice was in
part motivated by use ©Of the SAS system
{12} which makes extensive use of both per-
manent and temporary files. A SAS run con-
gists of a number of procedures to list,
sort, and modify the file. Most procedures
create a file to pass data to the next
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step of the process. S5AS also supports
limited programming in PL/l. In most cases
the program code is applied to each record
Of the file. It seemed that a package such
as SAS could serve t0 introduce the con-
cept of a file, program wvariables, and
elementary programming. Using files as the
primary way to pass data is ideally suited
for a microcomputer with limited memory.

The use of SAS presented Some prob-
lems for our short course. Qur computing
on the Cornell:system igs primarily done
by remote batch entry. Although I preferred
t0 use an interactive system for this
course, the IBM control language for the
interactive system was too complex for
our audience. It also seemed difficult to
introduce in such a short time the syntax
and semantics of even an elementary part
of PL/l.

My solution to the above problem was
motivated by the availability of a program-
ming system for the LsSI-11 (13) called the
Cornell Program Synthesizer. The system
includes an editor for the language PL/CS
{5), which gives a template for each major
construction. For example, a single Key~-
hoard command generates the template

If {condition) then
{statement}.

Statements are checked as entered. The
system is designed for teaching program-
ming and includes elaborate editing and
tracing commands. I wanted to include some
of these features to assist in entering
elementary prograns for the statistical
system.

THE STATISTICAL PACKAGE

Tha system supports real, integer,
and character variables. The core of the
system is an elementary file management
system that includes modules to open and
close f£ile, get or put the next record,
and retrieve or store individual variables
in a record. Each statistical file consists
of a data file and a directory file that
lists the variable names and types. The
file management system is stored in the
system library and can be called from any
PASCAL program. The system is designed for
instructional use, not to support large=-
scale statistical analysis. It can serve
as a tutorial for the use of a more com-
plete, flexible, and faster system suchas
SAS. The system consists of the following
general programs.

Create:

e record and directory files are
created from the text files made by the
Gditor . !
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Ligt:

T The directory and the data are listed
on either the gcreen or the printer. Vari-
able headings are automatically printed.

A single record may take several lines,

Sort:

The file may be ordered by any of the
variables in agcending or descending order.
Multiple sort keys can be specified. Itmay
also be used as a procedure in other pro-
ngSO

Modify:

This module supports an elementary
programming language to permit modification
of the file. The statements are prompted
and errors are noted on entry. The program
is gaved on the disk for documentation.
Currently, an individual statement can be
edited as it is entered but cannot he
changed after it is accepted. I will not
include elahorate editing, since most of -
the programs are rather short and are easily
entered again.

The atatements supported and the tem-
plate provided includet

Assignments
{variable name} = {exprassion):

liew variables are declared simpli-by
entering the name. The variable type is
automatically set by the type of expression.

Conditionals:

If (condition) then do:
{statements}
end;

Select;
when (condition) do;
{statements)
end;
when (condition) do;
{statements]
end;

+ra

otherwige do;
{statements)
end;

end;

The SELECT statement has been recently
added to the IBM version of PL/1. Only the
atatements associated with the first true
condition will be executed. The OTHERWISE
block may be empty. The SELECT was used
ingtead of an IF..ELSE construction as the
former seemed to be legs confusing., I
chose not tO implemeni: the GO TO statement.

L

It not only complicated the design of the
interpreter for the language hut also
created the possibility of infinite locps.

Input/output _
output (file name):

The current record is written to the
selected file. When the file is opened
the user hag the option of specifying
which variables will be written. The
record has all the variables in the input
file as well as any new variables intro-
duced by the program. Currently two output
files are permitted. The program prompts
for an output file if none is specified.

If an expression or variable is not
correctly entered, a list of the variable#
and their types can be requested before
the correction is made. The program is
automatically indented to reflect the
nesting of conditionals.

The following is a sample program.
The variables QUI%1, QUI%2, FINAL, and
MIDTERM are on the input file., The vari-
able TOTAL is created by this program.
The lower case entries were supplied by
the program.

TOTAL = 0§ ;
if NOT(QUIZ1 MISSING) then do;
TOTAL = TOTAL + QUIZL ;
end;
if NOT(QUIZ2 MISSING) .nen do:
TOTAL = TOTAL + QUIZ2 ;
end;
TOTAL = TOTAL + FINAL + MIDTERM :
output DEMO ;

The system was used for the first
time this winter. Our program editing was
not as elaborate as apparently was needed,
but the overall student response was quite
pogitive. To the student, the basic pro-
gram unit ig the file which for a general
course on computer literacy was appropri-
ate, The limited programming algo helps
explain how a computer works. We currently
plan to uge the same system with our first .
programming course to introduce files and
interactive computer systems. A variant of
the system will be uged in the first year
hiology seguence.

The gystem is easily expanded. New
programs are written in PASCAL with the
PASCAL input/output functions replaced by
those in the new file management system.
It is particularly easy tc have a sgtudent
develop an independent PASCAL program for
a specific file and then replace the input/
output functiong +0 generate a general
Furpose program. The syatem, especially
the file management section, has been an
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excellent source of examples for the advanced
computer science students.

DEVELOPMENT

I would like to discuss the way we
have managed the develogment of this sys-
tem and the use of UCSD implementation of
PASCAL. A small college often does not have
the p ogramming support available for the
development of large systems. The prolif-
eration ¢of a number of specialized pack-
ages would only compound the maintenance
of these programs. While the initial effort
is greater, I have tried todevelop general-
purpose programs which can serve in other
applications, for example, the file man-
agement system which supports both the
statistical package and general file main-
tenance programs for an advanced computer
science course on file structures. The
graphics library, which I have not discussed,
is used by mathematics biology, and physics.

It is clearly desirable to reuse soft-
ware, but keeping each of the various sub-
systems supplied with the latest revisions
can be difficult to manage on a small sys-
tem. ksogramming in PASCAL and the UCSD
implementation of it have both assisted in
this task, A vital feature of PASCAL is
the ability to define new data types.
PASCAL includes the simple variable types
integer, real, and character. Put for the
kinds of systems programming involved in
this project, we needed more elaborate
structures. For aexample, we had to main-
tain a directory for each file which main-
tains the viariables and their type. The
definition of szuch a directory had to be
consistent throughout the system. In PASCAL
we could define a directory in several
steps.

Const fcompile time constant]
Namelength = 103

Type

Namestr = packed array(l..Namelength)
of char: {string}
Vardescript = record
{ describes file variable }
Name : namestr:
Position : integer:
Typeofvar: (realtype,integertype,
chartype);
Length: integer { length in bytes)
Max : real:
Min : real:
end

We can then declare the type directory as

directory = array|l..maxvars]
of vardescript:
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A procedure GETDIR whose purpose is to
read the directory could be declared with
the following heading:

Procedure GETDIR{ VAR D: DIRECTORY):

If it is necessary to add more informa-
tion to our description, such ag the aum-
ber of missing values, then we only need
add a line such as

missing 3 integer:

to the original definition. That change
is then reflected in all procedures which
use that data type. ;

The UCSD system has included some
non-standard features. I have tried to
avoid the usge of them when possible, but
their definition of a unit has been quite
valuable. A unit is a separately compiled
library of subprocedures. It can also in-
clude type definitions. I keep the system
type definitions in the library. Those
types are then copied into each program
which uess that unit. Changes in the com-
mon definitions are then reflected in all
programg which use that module. It has
been an excellent tool to maintain consis-
tency in student written programs.

. The procedures and definitions can
be includad in the program by the simple
command

uses {unit namel: . -

The statistical system has a unit devoted
to file management, another to parsing and
evaluating expressions, and a third unit
to provide run-time support. In addition
we have other units with graphics proce-
dures or random number generators, The use
of units does not affect portability cf
+he system. The source code of the proce~
dures could be inserted instead of the
uses statement.

SUMMARY

We are continually surprised by the
eage with ghich major changes can be made
to the system whose length now exceeds
5000 lines. The use of PASCAL and the UCSD
unit has played a major role. It has been
very easy to develop the system incremen-
tally and to quickly train students to
assist in the programming. PASCAL is well
suited to the kind of systems programming
jnvolved in this project.

We have been pleased with the student
reaction to the statistical system. The
combination of that system along with the
PL/CS programming system has provided a
quick introduction to programming and the
ugse of f£files for our course on computers

82

Y




EE

Q

RIC

Aruitoxt provided by Eic:

_

72 NECC 1980

and society. We are planning to develop
tutorial materials so the system can be
used by other' courses. Further evaluation
of the system wiil have to wait until it
has been usad by other disciplines. We
have been successful in having other fac-
ulty use the modules to develcp their own
specialized software. We are now evaluating

what additional modules should be placed
in common units.
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PERSONAL COMPUTING:
AN ADVENTURE OF THE MIND.

Paul Hazen
Applied Physics Laboratory
Johns Hopkins University

ABSTRACT

nder grants from the IEEE Computer
Society, The Johns Hopkins University,
Radic Shack, and other agencies, the
International Instructional TV Cooperative,
source of instructional TV materials to
all educational TV networks nation-wide
and internationally, has finished and is
marketing the implementation of a six-
course national educational TV series
aimed at the pre-college level in the
area °f personal computing and computer
literacy. The name of the project is
"Personal Computing: An Adventure of the
Mind."

The objectives of this new series are
to illustrate the uses of persr ial
computing, to demonstrate the interface
of humans and machines, to identify the
fundamentals of communication in personal
computing, and t2 motivate students to be
s«nnovative in their own applications of
personal computing. Since the rersonal

" computer is viewed by many as a mind
multiplier, a further Objective of this
educational TV serles is to greatly in-
creage the number of mdnds that can be
multiplied by taking personal computing
to millions of children in classrooms
across the country.

Education and informational programs
are closely allied in that both attempt
to comrunicate facts, Concepts, and
ideas. Both need to be designed with
specific objectives in mind. Some of the
objectives to be discussed .'e both
attitudinal and informztional in nature;
that is, they deal with feelings as well
as facts. The underlyi.g thrust through-
out is that . . . LEARNING CAN BE FUN!
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EDUCATIONAL COMPUTING:

Ronald W.

ABSTRACT
buring the past tcn years considerable

effort has been devoted to optimizing the

role of computers in education. A vari-
- - - ety of tutorial CAI programs have been
written, large data bases of questions
for computer-generated exams have been
amassed, gophisticated software for
graphics has been developed, numerous
data reduction and simulation programs
have been written, and the use of on~line
classroom computing has been studied.
In addition, the emergence of minicom-
puters and microprocessors has lowered
the cost of computing. Nevertheless,
the overall impact of "the computer on
education has been minimal. One of the
major deterrents has been the poor trans-
portability of programs from one computer
to another. As a result, educators are
often required to develop their own
software for use in courses: however,
many instructors have neither the time
nor the experti:ie to do so. Will tke
neéw stand-alone home computer systems
improve this gitvation? Possibly, but
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P8T, PRESENT, FUTURE

Collins
bept. of Chemistry
Jefferson Science Bldy.
Eastern Michigan University
Ypsilanti, MI 48197
(313) 487-0106

for most educational uses,s the reed for
programiing time and exper ‘ez will still
be high. PFurthermorae, the several gener-
ations of changes in hardwaie have not
yet led to fignificant improvements in
computer-based pedagogy. Educators
gimply must give more concideration :o
the guestion of how the compnter can
reshape the way and style ir hich we
teach. To date, most instructional com-
puting has simply becn appended to the
traditional pedagogical framewc .k, thus
enconraging the gelf-fulfilling prophecy
that the final impact will bhe minimal.
The future? By 1930 (or 2000 at the
latest), there should be 2 number of new
and outstanding examples of true nomputer-
based/-derived/~oriented projects in
cducation, rather than a mere continua-
tion of the current computer-auvgmented,
vet traditional approach.
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THE OPER UNIVERSITY

Prank Lovis
The Open University
Milton Keynes, England MK7 6AA
{0908) 653371

wWilliam Dorn
Mathemstics Dept.
Universitv of Denver
Dernver, CO 80210
{303) 753-3529

ABSTRACT

In 1982 Britain's Open University will
replace tpe two second-level computing
courses which it haz been running since
1973, fThere will be unly one new course
since we ha' 2 come tC realize that running
two second-~level courses is unnecessary
and extravagant. The new course is ex~
pected to maintain the current enrollment
ol . 700 students per year,

Production of the new course is well
underway, and in this paper its content
and presentation will be compared with
those of its predecessors. Tie nhew
course was designed after careful consid~
ation of the vievs of both students and
faculty members from which emeiged the
one urgent and clear demand that the
course should relate closely to the
commercial world of data processing.

The main themes of the course are
practical computing, data siructures,
files and file processing, Systems
analysis and design, and the social
impact of computing., fntroductions to
operating systems, data bases, and
distributed computing are also included.
The course components comprise written
materials, computer progranmting
activities, )6 television programs, taree
teaching audio~cassettes, and six
broadcast radio programs.

The present paver will concentrate on:

{1) Why the DP bias was considered
eggential and how it shows up in the
course .

{2) The content and presentation of
the first four main themes listed akove.

In this connection the systems analysis
and desiyn package bears spec’ial mention,
as it is beiny developed in collaboration
with the ¥ K,'s National Computing Centre
and will involve the student in a practical
protiect.

(3} The specification and future imple-
mentation cf OUSBASIC, a computing language
designed to enable the student to write
and run structured programe in the unigque~-
and awkward~-distance teaching environment
of The Open University.

The paper will be illustrated with two
excerpts, of ten to fiftee minutes duratic
each, from £ilms of two of the television
programs~~The Introduction to Piles and
Tile Processing and Systems Aualysis and
Des ign »
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DEMOGRAPHIC TECHNIQUES IN ECOLOGY:
COMPUTER-ENHANCED LEARNING

A. John Gatz, Jr.
bepartment of Zoology
Ohio Wesleyan Unilversity
Delaware, COhlo 43015
(614) 369-4431

INTRODUCTION

Judging from the avallability of CON-
DUIT programs on ecological toples (5 of
8 in blology in the Summer 1979 issue of
Pipeline), there may well be more com-
puter use In courses related to ecology
than in courses 1n other areas of bhlolo-
gy. For 1nstance, valuable CONDUIT pro-
grams exist that ald students In learning
about population growth using the logis-
tic¢ equation and related models, inter-
speclic competition using the Lotka-
Volterra equatlons, and energy f{low
through the trophlc levels of varlous
ecosystems. Additional areas 1n ecology
are appropriate for computer-enhanced
learning. In particular, the use of the
computer to ald students 1n under-
standing 1ife tables 1s deseribed here.
Such work not only helps students under-
stand these complex tables, but also per-
mits them to quickly and easily get a
grasp of the consequences, in terms of
bouh population growth rates and age dig-
tributions, of alternative reproductive
strategles.

SIGNIFICANCE OF LIFE TARLES

In many ways, a survivorshlp and fertill-
ty 1ife table represents the ultimate
synthesls of data on the 1life history
c¢haracteristics of a glven population ur
specles of organlisms. Both age specifle
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death rates {1.) and age specific birth
rates {(my) must be lmown and transeribed
into appropriate format, For survivorship
data, thils means kxnowing the proportion
of individuals surviving at the start of
each age interval; and for fertility
data, thils means recording the number of
female offspring per female in each age
inter.;al. From these data, numerous
deserlptive functions can be readily
calculated by formulae of varying degrees
of complexltr (see Mertz, 1970 or Krebs,
1978 for a ruller description of these
quantities}. These tunctlons or cuanti-
ties include the following.

(1} The gross reproductive rate, G.R.R.,
1s a hypothetical guantity that indi-
cates the mumltiplication rate per genera-
tion if females suffered no mortality
prior to completing reproduction at the
rates specified in EEP fertility tables.

G.R.R. = 2. m,
X=0

(2) The net reproductive rate, Ry, 18 the
actual multiplicatlion rate per genera-
tlon 1f the population follows both the
mortallty and fertility schedules in the
1life tahle.




Ry = 2, 1ymy
x=0

(3) The mean length of a generation, G,
is given by:

b}
- xMy X

Ro

(4} The innate cepmeity for increase in
the particular environmentel conditions
for which the table was written, rp, is
a factor that gives instantaneous growth
rates, The caleulmtion of muat be
done by trial ard error in the formulm:

e -rmxlxmx -l

xX=0

(5) The finite rate of increase,}K,xia‘
the factor by which populetion size
changes por age interval in the life
table, e.g., per year if the life table
iz in years.

Ane'™

(6) The stable age distribution is the
proportion of organisms that would be in
each mge category if the population con-
tinued to grow 1nder1nite§y according tn
the achedules in the life teble. The pro-
portion of ergenisms in each age category
x to x4l 1is given by

-x
c-—.—k—ﬁ—

x r Alﬁi 1y

where 1, like x, 1s a subszseript indicat-
ing age.

While the data thet are used to generate
a4 life table in the first place are quite
intuitively understandable, e.g., the
number of female offspring produced by an
average six year old female, the derived
terms, especinmlly Py, &re much less emsi-
ly g¢rasped. Becmuse B thorough conception
of r, is desirable in conorete terms
(sucll as numbers of offspring and num-
bers of geasong of reproduction) before &
student starts working with logistic
growth models, a thorough famiilarity
with mll the various life tablie parsmeters
i1s highly important.

RATIONALE ¢ 'OMPUTER USE
The pressons uding the computer in life

teble analys. ~an be divided into argu-
ments againat h.nd caloulation and arpu-
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ments for the computer. Considering first
the arguments mgeinst hand calbtulation,
there 18 the unfortunate, but nonetheless
repl truth that many undergraduste sty-
dents are terrified by the sorts of sum—
mation signs and exponents intrinsic to
several of the demographic formulae. At
best, such Students may laboriously plug
through their calculmtions and then
finish with abaolutely no confidence in
the sccuracy of their results. At worst,
some of these #tudents may not even be
able to perform the calculations. Clear-
1y, neither of these situs“ions 1s con-
ducive to students' learnizg about
ecology. On the other hand, for under-
graduates capable of manually performing
the celeuletions reguired, such an exer-
ciae rapidly becomes a numblagi® mechani-
eal process that, too, is not conducive
to their learning about ecology.

As for the arguments for use of dhe com-
puter, three points can be made, First,
for students ever more ysad to punching
nunbers into either cmelculators or com~
puters, one additionel epplication of
the computer generates very little
anxiety. Math phobias can stay submerged.
Second, the fmat and mrccurate results
provided by the oomputer maintzain both
the interest and cont'idence o1 the stu~
dent. Moreover, if the student wishes to
test himself and his ability to manually
arrive at the same answers, the compuber
sutput does provide such 2 check. Final~
1y, because the tedious parts or the
exercise are done by m tireless computer,
the student 1s free to concentrate on
interpreting the bilological significance
of his findings. This is precisely the
co:centration that most ecology profes-
aors presumably degire, and I have found
. 3 useful in the present instance.

DESCRIPTICN AND APPLICATIONS OF LIFET
With the above pointg in mind and two
years' experience teaching sbout life
sables without the &id of a computer, I
wrote a short piogram, LIFET, in BASIC
for our PDP 11/70 at Ohio Wesleyan Uni-
versity. LIFEY would be suitable for use
on other similar RSTS/E time-sharing
systems or on minicomputers, and & pro-
gram listing 1a aveilable on “equest. In
brief, the program mrsks the student to
enter the age specific asurvivorship and
fertility date for the population in
question and then proceeds with calcula-
tiona of the first three of the six
quantities defined mbove. The innate
‘capacity for increase 1s calculated by
trial and error with active participation
by the student in the trials. When thé
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student is satisfied with the value of There are at least three sorts of appli-
I'm that he has attained, the program catlon of this pro¢:am. First, and most
uses that value to -ealculate the finite simply, is merely giving the students
rate of increase. Finally, the student some real data from a natural population
is given the option of obtaining a (e.g., from Vinegar, 1975 or Medica and
stable age distribution or not. A sample fturner, 1976). The students can organize
program run 1s given in Pigure 1. the data into life itable format for

RUN LIFET

DO YOU WANT AN EXPLANATION OF THIS PROGRAM (YES OR NO)? YES

THIS PROGRAM CALCULATES LIFE TABLES AND DEMOGRAPHIC PARAMETERS. THE ONLY
INFORMATION NEEDED TO MAKE THESE CALCULATIONS IS THE AGE-SPECIFIC SCHEDULE OF
DEATHS AND BIRTHS WHICH YOU SUPPLY AS 1(x) and m(x) VALUES WHERE:
1£x¥ = PROPORTION OF POPULATYON ALIVE AT THE START OF AGE INTERVAL x; AND
m{x) = AVERAGE NUMBER OF BIRTHS TO EACH FEMALE ALIVE AT AGE x

TO RUN THIS FROGRAM, MERELY ENTER THE MAXIMU¥ AGE TO WHICH FEMALES SURVIVE
{RECALL THAT LIFE TABLES ARE POR PEMALES ONLY) AND THEN FOR EACH AGE CATEGORY
ENTER THE 1(x) and m(x) VALUES SEPARATED BY A COMMA. 'THESE DATA CONSTITUTE
ALL 'THE INPUT NECESSARY TO MAKE DEMOGRAPHIC CALCULATIONS USING THE FORMULAE IN
KREBS (1978, pp 160-170). SEE THIS REFERENCE FOR DEPINITIONS AND EQUATTIONS.
ONLY THE EXACT r CANNOT BE CALCULATED WITHOUT ADDITIONAL INPUT OF YOUR PART.
THIS IS BECAUSE THE EQUATION MUST BE SOLVED BY TRIAL AND ERROR, i.e., BY
SUBSTITUTING ONE VALUE FOR r IN THE EQUATION
-IX

SUM e L(x) m{x) =1
AND THEN SEEING HOW CLOSE THE SUM COMES TO ACTUALLY BEING EQUAL TO 1.
POR YJUR PIRST TRIAL, USE THE VALUE FOR r APPROXIMATED BY Rc aND 8. IP ALL
REPRODUCTION TOOK PLACE IN THE SAME YEAR, THIS WILL ALSO BE THE EXACT r, IF
THE SUM YOU GET IS GREATER THAN 1, INCREASE YOUR ESTIMATE OF r. IF THE SUM IS
LESS THAN ), DECREASE YOUR ESTIMATE OF r. INITIALLY MAKE FAIRLY LARGE CHANGES
IN r AND ONLY LATER MAXE MORE SUBTLE CHANGES AS YoU ADJUST THE SUM TO
1 +/-0,005, ONCE YOU ARE SATISFIED WITH YOUR VALUE FOR r, STOP ADJUSTING IT
AND THE PROGRAM WILL CONTINUE TO MAKE OTHER CALCULATIONS USING THIS FINAL
VALUE OF r ON WHICH YOU HAVE DECIDED.

WHAT IS THE LAST AGE AT WHICH SOME PEMALES ARE ALIVE? 3
FOR X = O WHAT ARE THE OBSERVED VALUES FOR

1({x),m(x)? 1.0,0

FOR X = 1 WHAT ARE THE OBSERVED VALUES FOR

1{x},m(x)? .9,2

FOR X = 2 WHAT ARE THE OBSERVED VALUES ROR

1(x),m{x}? .7,1

FOR X = 3 WHAT ARE THE OBSERVED VALUES FOR

1(x),m{x}? .5,1

THE GROSS REPRODUCTIVE RATE, G.R.R. =
THE NET REPRODUCTIVE RATE, Ro= 3
THE QGENERATION TYME, Ge= 1.56667
AS APPROXIMATED BY Ro and G, r=.701242

THE PROGRAM WILL NOW CALCULATE AN EXACT r by TRIAL AND ERROH.
WHAT IS THE VALUE FOR r THAT YOU WISH TO TRY? .7

S0LVING THE EQUATION WITH r= .7 GIVES AN ANSWER OF 1.1277

DO YOU WISH TO TRY AGAIN WITH ANOTHER VALUE FOR r(YES OR NO)? YES
WHAT IS THE VALUE FOR r THAT YOU WISH TO TRY? .8

SOLVING THE EQUATION WITH r= 8 GIVES AN ANSWER OF , 995479

DO YOU WISH TO TRY AGAIN WITH ANOTHER VALUE FOR r(YES OR K0)? YES
WHAT X3 THE VALUE FOR r THAT YOU WISH TO TRY? .79

SOLVING THE EQUATION WITH r= .79 GIVES AN ANSWER OF 1.00784

Figure 1. Sample output from LIFET
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Figure 1 continued
DO YOU WISH TO TRY AGAIN WITH ANOTHER VALUE FOR r(YES OR NO)? YES
WHAT IS THE VALUE FOR r THAT YOU WISH T0O TRY? .79%
SOLVING THE EQUATION WITH r= 79% GIVES AN AMNSWER OF 1.00164
DO YOU WISH TO TRY “GAIN WITk ANOTHER VALUE FOR r(YES OR NO)? NC

THE FINITE RATE OF INCREASE, LAMBDA= 2.214k4
THE EXACT INSTANTANEOUS RATE OF INCREASE FOR THE PCPULATION, r= .79%

DO YOU WISH TO CALCULATE THE STABLE AGE DISTRIBUTION FOR THIS POPULATION? YES

GIVEN A STABLE AGE DISTRIBUTION, TE PROPORTION OF ORGANISHS
IN Eﬂ?ﬂ AGE CATEGORY, ¢(X), WOULD BE:

c{ 0 )= .626875
{1 )= .254776
c( 2 ; = 03948
c{ 3 ) = ,288641E-1
x 1{x} m{x) 1{x)m(x} .
0 1 0 0
1 .9 2 1.8
2 .7 1 .7
3 .5 1 .5
G= 1,56667 GRR= 1 Ro= 3
r= .795 lambda= 2.21444

DO YOU WANT TO CALCULATE ANOTHER LIFE TABLE (YES OR NO)? NO

themselves if desired, or the data can
be presented as a table from the start.
Either way, thr students have the ex-
citement of finding out for themselves
whHether various populations in nature
are growing or shrinking and at what
rates. If populatlion growth is occur-
ring and data are also available on num-
bers of individuals alive in each age
class, the students can also investigate
whether or not such population growth
has been going on at the given rates for
a number of years. If 1t has, the ob-
served proportions of individuals in
each of the age classes should Lie the
same as the proportions given by the
LIFET calculations of the stable age
distribution. Students seem to enjoy
checking this assumption of Ll..fe table
methodology.

A zecond application is the use of data
not Jusi from one population of a
species, but from multiple populations
of a single species. The werk by Tinkle
and Ballinger (1972) on intraspecific
comparative demography of a lizard i3
especially appropriate. By analyzing the
age specific death rates and fertility
rates using LIFET, students can enhance
their understanding of the population
consaquences for real a..!mals of vari-
ationz !n 1life history strategies. Thase
particula™ data, in faet, indicate that
some of the natural popmlations are just

holding thelr own and others are decreas-
ing in size. With analyses completed,
students can either write about or dis-
cuss hypothetical alterations in repro-
ductive strategy that could improve the
lot of the marginally surviving popula-
tions.

A third and final example of an applica-
tion for this program 18 to give students
free reign to devise an optimal repro-
ductive strategy in each of several
habitats for a totally lLypothetical
organism. A few guidelines need to be
laid down at the outset, and then stu-
dents can bhe set free to use their
creativity. For exsmple, one needs to
specify how many kilocalories to%al a
female has to produce eggs in her life-
time, the range in sizes {caloric con-
tents} of eggs to be permitted, and the
harshness of the various habitat: in
terms of probabilities of the survival
of offspring to age 1 from eath possible
egg siZe n each habitat. Survivorship
thereafter can either be specified or
Zeft to the students' own devices. The
generation of an optimal strategy, or
even possible strategies, for each en-
vironment then veqQuires that students
generate a number of life tables. Suc-
cessful completion of such an exercise,
in my experience, results in an excel
lent appreciation of the merits and
drawbacks of iteroparity and semelpavity
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in various situations.

SUMMARY AND CONCLUSIONS

For the past two years, I have used an
interactive computer program, LIFET, as
a means of enhancing my instruection of
demographic techniques in an under-
graduate course on animal ecology. I
have found that I have been able %o
cover more examples and nuances of life
history studies since I initiated the
program than, I.was able to before. By
obviating the time-consuming busy work
of life table calculations, I can
realistically expect my students to &e-
complizh far more sophisticated and exe
tended problems than were possible
before I wrote LIFET. In my opiniom,
students who have had the benefit of
using this program have gained a far
greater understanding of life tables
and demography than did my earlier stu-
dents. Certainly, they have had more
opportunities to do so in a challenging
way. What's more, they enjoy it. This
last point, in and of Jstself, can be a
strong recommendation.
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‘ ¥ ’ MICROCOMPUTERS AS LABORATORY INSTRUMENTS:
TWO APPLICATIONS IN NEURODBIGLOGY.

Richard F. Olivo
Department of Biological Sciences

smith College
Northampton.,

The low cost of microcomputers has
brought them into the same price range as
ordinary laboratery instruments, and their
ability to collect and store data makes
them an extremely welcoms addition to a
lahoratory. At Smith College, we have de—
veloped two applications for vsing micro-
computers in nevrobiology. Pne application
is ‘svited to advanced s...ents and Ta-
searchers and involves the vse 0f 3 micro-
computer and a digitizing tablet to meas-
ure photographic data; the other is svit-
able for rouvtine use in a neurophysiclogy
course and involves &n analog/digita) in-

terface for coliecting and displaying
transient data. In describing these two
applications:, 1 shall emphasite a number

of aspects that 1 belleve are 0f general
interest ‘in introducing microcomputers
inte undergradvate laboratories.

HARDWARE: THE AlM 6%

1 chose Rockwell ‘s
puter for laboratory uvse. Like its smaller
cousins, the KIM and SYM: AIM-5S is & re-
latively inexpensive single-board computer
that is based on the 63502 microprocessor.
The AlM includes an input/ouvtput interface
with two B-bit parzlle) ports, which we
us® tO connect the computer to laboratory
instruments, plus two timers and an inters
Tupt register. The AlIM alsoc has a foell

kayboard: a 20-character alphanuvmeric dis—
play, and a thermal printer. I consider it
an advantage that the AIM does not vse a
vidao manitor, since video would meke the
system less compact and more expensive;
the AIM’s one—iine display is adequate for
prompts and data, and the output ports
provide a means {(with a digital—-to-analog
converter) of plotting data at high reso—
Tution on an oscilloscope pr chart record-
er. The AlM‘s printer further provides
sach group of students with inzxpensive
hard zopy.

The AlIM is also relatively convenient
to program. it has an extensive (BK) moni-

AIM—=65 microcom=
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tor that incorporates & versatile editor,
a disassembler, and & psevde—assembler
that permits writing programs in mnemonics
rather than op codes. A full symbolic as—
sembler, which 1 used for writing our pro-
grams, is optional, as is an BK BASIC
{both of these are supplied asz read-only
memories that piug into designated sockets
on the AIM board}). The assembier and BASIC
sockets will also accept 2716 erasable,
programmable read—only memories <(EPROMs).
Once & program is debuvgged, it can be io-
aded into an EPROM to be instalied in the
assembler socket, permitting a student to

run & program by typing "% " the monitor
call to the astembler. The student does
not need to be an accomplished computer

user; the progrémb are highly interactive
end provide abundant prompts for entry of
data and for menu choices.
In addition to the AlM,
and a power supply, two other pleces of
hardware are necessary. The AlM‘s 4K bytes
of on=board memory are not suvfficient for-
extensive digitixation, s0 that a supple-
mentary memory board is desirable. 1 chose
the Memory Plus: an 8K board #from The Com-
puterist (P.O. Box 3 S Chelmsford, MA
01824), which has the additional feature
of an EPROM~- programming circuit. Other
manwvfacturers also make AIM/KIM-compatible
8k and 14K memory boards. The pther majer
prece of hardware required is an
analog/digital interface. Commercial A/D
boards that can interface to the AlM’s
input/ouvtput ports are available, but the
ones that 1 am aware of are too slow for
digitization at the rates neaded (abouvt 10
kHt) in a neurobiolofy lab. Consequently,
we built our own analeg interface, which I
shall describe later. At present we have
two AlIMs at work. One is & prototyp2 sys-
tem with 12K of memor and a single analog
input/output channel: its cost is about
%1000, and we are seeking funds o buy and
build six mora such systems for rouvtine
class use. The other AIM has 4K of memory
and ix devoted exclusively to taking datae

its snclosure,
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from & HiPad digitizing tablst (Houston
Instruments). That systema’s costs includ-
ing the digitizing tablet, is about $1400.
For -compavison: thess prices ave of the
same ovdar of asgnitude az 8 laboratory
Jscilloncops or a chart recovdsr.

APPLICATION 1:
INTERFACING TO A DIGITIZING TABLET

1 shall fivet describa our system for
collsc¥ing dJdata using & HiPad digitizing
tablet. The progres has been through sev-
sral stages of design and i% now in heavy
ragular use. It illustrates ssveral as-
pacts of inberactive ladoratory coaputing
thet 1 beliava ara of general isportance.

Neuraphysiologists typically saasurs
the elscérical changes in nerve or asuscle
cells in vesponue to stiavli. The stimuit
and responsss ara displayed on an oscillo~
Scopa screah gnd ara usually photographed
on 35-ae fila by an automptic camera. Ths
photographs sarva as primary data for sub~
sequant analysis of the traces and for
illustrations for publications. Analysis
raquires geasuring tha aaplitudes and time
coursen OFf tha svants: which i3 wusually
dona by projecting the fila in an enlarger
onto gvaph papar and (bsfore aicrocom—
pulars) Sediously counting squares. A di~
git%izing Sablat under the graph paper iz a
huge dimprovemtnts 1§ takas data automati-
cellys wpaeie uj She analysis by a factor
of at leas® tan, and is intrinsically mors
accurate shan hond analysis. For thoee who
have never seen a small digitizing tablet,
it consisks of a Plat surface (ours i3 11
inchss square) 4in which wirss are ambed~
ded, plus a cross~hair cursor that is
placsd on the eurface and veturns the X.¥
coordinates of i%s position. 1In wusing a
digitizing tabla¥ two problams aust ba
salved: interfacing She aicvocomputer to
the table$: and creating an efficiant pro-
gram for vecovding and analyzing data. I
shall Jdascriba #he interfacing aspects
first.

Tha elacéronics in &he HiPad tablet
output data in several formats: any of
which may be suppressed by jumpers at the
output connector. Diffarent swirobe lines
are availabla for esch of the formats: o
that a aicrocoaputer can ba made t0 atiend
to one formst and to ignore &he Others. 1
chose %0 Sake Juta in binary-coded decimal
(BCD) form rather than in s¥raight binary
(hezadecimal), the alternativa parallel
foraat. The main veason Por this choice is
that She Pfinal output had to be in decimal
fora since hazadacingl dats are incompre~
hensidble to aosd bioclogists. 1 believe
tha¥ an imporsans princigle ezists here: a
studont oT rvesearcher should never be

asked to wvead ov pgansvate hexadecimal
numbers. Since the ANR microprocessor can
be set to do BCD arithmetic, it made sense
to start, computa:; and end in BCD vather
than to convert to0 or from hex.

BCD DATA FORMAT

CODE WY FRITION
DESCRIFTION| MaB Lss | avrE No.
Compol Word { 1 J 1] 1 j1 Ix IxIxlx Fmerre
X Auig 0|0 W50 2nd BYTE
X Auie 20d 5D 3d S0 3d OYTE
X Auig % SO LSO Aty OYTE
Y Auis 0 J0; Sen WSO Sth BYTE
Y Auis nd 50 2ed 30 Sth BYTE
¥ Auis 4 50 S0 Tih BYTE
DATA TINING
H
DATA OATA VALID
L
H
OATA $TROSE . 15,00 =N 10,03 e 1,3
PIGURE 1.
In 4ts BCD format: ti* HiPad tablet

outputs seven bytes of dats for each dipi-

tized point. The contents of these sevan
bytes are shown in Fig. 1. which alse
shows the tiaing of the data. Note that

byte 1 is & control word, bytes 2. 3, and
4 contain the X-coordinate, and bytes I
& and 7 contain the Y-coordinate. The
timing diagram shows that the BCD strobe
line goes high as each byte is ocutput.
Thus: a subroutine to read deta into the
microcoaputer auct test for the presence
of the strobe pulse: then read the Current
bytes store it: end repeat these opsra-
tions until saven bytes have been raad. 1
connected the BCD strobe %0 contrel line
CAl: and the eight data lines to the AlM’'s
Port A. 1n tha 6302 eystem: input/output
ports and associated rvrgisters are read
froa and written to as memory locstions.
80 that operations on the strobs pulse and
data resambla reading data from asmory.
The full subroutine to take a data

point is shown in Figura 2. Hhen the su~
brotv'tine is called:r ¢tha micvoprocessor
enters a three—~instruction luop in which

it vramains until the etrobe puvise occurs.
In thie loopsr it checks the interrupt flag

33




. registsr L{IFR, part of  the 5922
input/output chip}? ¢o see if line CAl is
high. 1t then reads Port As checks for the

expected control word, and if it is found,
proceeds to read and stors the remaining

six bytes of data. Once the six X, ¥ bytes
have besn storsd, they are rTepacksd to
plece the sign of wmach coordinate in a

separate byte for more efficisnt handling.
iIn tha overall program: the GETPT subrou-
tine is +foliowsd by anothesr subroutine
that tests whether the point just taken
liss in & manu area of the digitizing ta~
bist) if so, the program jumps t0 ths ap-
propriete section: othsrwiss the point is
treated as a lIsgitimats data point.

RO RS BT OMIE: 11720779
e e
i T s ¥
MY BEQ GETPT VARV . ¥
1304924 LDA .rugm scm.woi:: ?g.::
# :
1365  CHP O3F0 S
i oweoeer R
FRME #9030 108 AL
s Sxaate CLOEK 13130 11/29/79
Hes soa len 16RSE +2628 N
DESesS LOR PORT. vasse 26034
STA XVOATA, X +9604 15
Dhss  ihx esos 1PERK 43860 A
sy ONE STROBY VEERK 49834 1V
1REPACK DATH VHRLF 7.20 W
10F9 LDV 04 -
YSHIFT 4 BITS 49664 15
*<DIFG SHEDAT
Y T T
FRANE 9831 108 A1
s B A i i A
I06C  ROR XYDATR+4 PPreruT A
Z606  R0R XYDAIR.S 10RSE +0088 e
31, 49 nv
Bbs. BN sweoar VRRSE sonal o2
IPEAK +3148 WA
9136 S
riooes 2. VYPENC 44835 6 RV

8220 15
YHALF +5048 NV
+8542 05

Q

FIOUME 3.

in addition to solving these aspects
of intsrfacing, it also is necsssary to
liave an sfficient program for data collisc—
tion. My assembliy—language PTOgTEA geneT—
atas almost 2K bytas of obysct cods, @
substantial amount. On initial entry., ver-
ious conatants and tables ure St mqual to
zero, aftsr which the date of the ewperi-
sant and several sacals factors are Te-
quested by prompts to the user. The main

LRIC
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part of the program then begins; in this
section, & seriss of points is taksn for

sach frames and storsd in tabiss in memory.
Figure 3 shows the print-ocut mads during
the early part of running the program: and
Figure # shows part of the tables that are
printed aftsr all frames have besn nmeas-
ured.

Several aspects of this program are of
general interest. First, every measursment
that the user must make is preceded by an
mxplicit prompt om the AIM’s display.
Prompts make the program sasy to use and
are always good practice in intsractive
computing. Second, ths program can bs
re-sntered without going through the ini-
tislization routine) sxisting data ars
thersby retained in memory unless they ars
delibarately erased. Easy re-sntry makss
the program more forgiving of errors, such
as accidental escape to thse monitor, and
it also makes it possible to print tables
or re—enter scals factors at intermndiate
stages in the messuremsnts. Re—-sntry is
accomplished by two means. The ¢first was
mentioned abova: the left edge of the di-
gitizing tablet is reserved for a menus
and each point teken is tested to sem if
it falls in the menu ares. The menu is

available whenever the program is esxpsct-
ing & datas point, which 1in practices 1is
most of the ¢time. The other method of

Te-entry uses the three user~desfined keys
on ths AIM’s ksyboard. During the initiasl~-
ization routine:, these keys ars programmsd
to initiate jumps to certain ssctions of

EXPT DATE. 11/20/72 EXPT OATE. 11/20/79

i
FRO VRNV  w/2M5 TIME
038 434. 00 B6é4 1820

031 953 60 deab 2133
12 1768 4 gno

1
s%%m IPNA 1MN5
036 34,00 3068 413

% 3560 2140 MY
L6 9§ $1%6

10wh2
FRE VIMY  IPNA 1PNS

934 28, 48 3469 1%
033 3% 00 3368 9136

10eA3
FRO VIV IPNR 1PNG

027 30,00 2280 0135
3% 2048 2000 013

1ba8d
FRS VEMV 1PNA IPN5
43 12, 20 3000 2169

20 48 3360 aig?
gzg 32 90 Jéed M35

rrount 4,

1D=R2

FRO YPMV /205 TING
34 A 660 2485
s 858 o7 24
10=A3

FRO VPV /2K TINE
837 450. W 1892 2410
ale .48 iz« gl.

10=04
FRD VPRV W/2n5 TINE

3 890, 48 0708 3380
846 - 20 8473 3400
047 850 89 038 3380
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the program Thus, the user can redirect
the execotion of the program fairly con-
veniently and without losing data already
entered.

Another aspect of general interest is
that #for sach frame measured: the program
stores data in & temporary buffer uptil
the last measursment #for that frame is
taken. The data are then transferred avto—
matically to the tables in memory. The
point of the temporary storage is %o allow
the vuser {0 escape and remeasure a frame
without contaminating the fPinal tables if
an ®TTOT in measurement is suspected. Any-
ane who hes vsed a program that does not

permit correction at the time of entry
knows the #frustration #%hat accompanies
being forced to continue in a process one

knows to be incorrect. 1n this case: by
gernitting a penalty—free escape in the
middle of a frzme, a compromise is achi=-
eved between ease of programming and no
correction routine at all; relatively fow
MmeasuTements are made in one freme: So
that repeating a frame is not onerous, and
the #inal tables remain eccurate.

1n summary, this application of micro-
computers to data collection illustrates
several aspects that 1 believe are charac-
toeristic of good interactive programs. The
program is parmanantly in an EPROM and can
theraby be called by & single kaystroke.
without requiring that the user know how
te run a tapa~ or disk~loading routina
also, it cannot be accidantally written
over: The program provides abundant

prompts. Data input and output are always
in decimal format. The pregram can be
re~entered and radirected without erasing

axisting data; making it more convenlent
errors. Errors of
which the vuser is swara can be corrected
at the time of entry. Each of these fea-
tures is: 1 think, important in bringing
microcomputers into the leboratory. The
philosophy behind this approach ic to make
the computer friendly to & user who is not
axpert in programming. As a colleague ex-
pressed it. "You don’t expect students to
build an oscilloscope in ordar to usa one.
s0 why expect them to program the wmicro-

computers that they use?”

APPLICATION 2: _
ANALDG-TO-DIGITAL CONVERSION

Qur second application will eventually
be used by mora students than the first
one: but the prograem is still in an early
stege: so 1 will describe it only briefly.
Students in neurobiology laboratories typ-—
ically record highly-amplified, transierdt
electricel signale #rom the nerves of ani-
mals suvuch s #rogs or crayfish. Tha sig-

nals are observed on Oscilloscopes: and &
recurrent difficulty in the past has been
that the transient signals are difficult
for gstudents 0 measSure OT pven Observe.
Stcrage oscilloscopes are helpful: bot
they are expensive and they do not provide
hard copy. Routine photography is slow.
awkward: and expensive; particularly i¥f
Polarcid film is usad. Microcomputers. on
the other hand. offer the possibil.ty of
digitizing signals and playing them back
for analysis. Playback can be repetitive
and fPast for observation on an 0scillo-
scope; or it can be one—shot and slow for
writing out on & chart recorder. 1n addi-
tion: in many experiments signals are re-
corded from single nerve cells rather than
from groups OFf tens OT hundreds ©of nerve
cells. 1n such cases, the jinformation of
interest is the time interval between in-
dividual electrical impulses (action po—
tentials) in & nerve call. Histograms of
inter-pulse jintervals and post-stimulus
firing rates are rouvcinely computed in ra~
search laboratories; we can now make such
techniques available to undergraduvates as
well. Finally, some neurophysiological ex-
periments (such as recording evoked potan-—
tials from the scalp) require signal aver-
a9ing tecausc the signals a+® much smaller
than the background electrical noise. Once

again, micrucompJtars can make
signal-averaging tecnniques available to
vndergraduvates.

Digitizing transient signals and sig-
nal-averaging both requira analog—to~ di-
pital convarsion, but presently available
A—=to~D boards that interfaca to a parallal
port ara too slow for use in & neurgbiclo-

g¢ lab. An action potential can be as
brief as 1 msac, and i# its shape is to ba
preservdd 4in digitization, at 1least 10
samples siould be taken. This requires a
sampling intervel of 100 usec. Analog Dev-—
ices (pP.D, Box =280, Norwood: MA 02042)
manvfacturas an integrated-circuit, B-bit
A-to-D device that can make gna conversion
every 2% usec and that costs less then
#2%. 1 hava used thair device in the ana—
log converter board whose block diagrem is
shown in Figure % The converter roquirass
two control lines: one to start convarsion
and ong to signal that the data are ready:
plus eight date 1ines. These linez ara
cornected t¢ Port A and to CAl and CAR of
the AIM. Port B is connected to a
digitel-to-snalog convarter:; #or playback
of digitized deta. The Port B contrel
linas; which ara not otherwisa naeded, are
used for input and ocutput of trigget
pulses.

My interactiva program for A/D conver—
sion, like the HiPad progrem: will raside




in an EPROM send will make the microcom-
putar sesem like » smart instrument to the
user. The major inprt routine provides
coentinuous digttizatian with scrolling
display: so that the oscilloscops scresh
reasambles s wmoving chart. Receipt of »
trigesr pulse couses digitizetion to ceass
aftar & presst {nterval, followsd by con-
tinuous replay af the last thres pages of
data (thras pages ars about the limit for
8 flickar~fres 1isplay). The usar cen also
choose 0 output the digitized dete slow—
1y, - for playback %o & chart recorder.
Chart racorders hava Praquency passbands
from DC to 10D Hz, at most, while the ori-
ginal signal has portunt companents up
to about 9 kHz; thus an axpansion of tha
tima~-scals by a factor of 100 i3 Necessary
to writs the date accurately on a chart
reacorder. The time~scale cen be srpsnded
sesily by tnserting o timing loop in ¢he
playback program.

Digitization at 10,000 samples psr
second wduld appsar to require huge am—
ounts of memory, but & comparison with the
oscilloscopa® swasp sphads that ara used by
nevrobiologists to display date shows that
the msmory requirasants sre not Sxcessive.

“A single sweep typicelly displays from 10
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msac to0 0.3 sec of date, so that B bytes
of menoTy would hold tws to siphty swreps.
In wany casses, when longer swasps S¢ data
ara of intarsst, high rates of digitize~
tion are not needed, and the sffectiva ca-
pacity of the mamory can be sxtended.
Thutt,» tn summary, the relatively low
cost of microcomputers Cpans mahi new pos—
sibilitipe for Using them in tie laborato~
ry. Tha programming effort that is re-
quired Can be pztensive, and some of the
intarface hardwars mesy have to ba con-
structad: but tha resulés give studants
enormdusly grastar cepsbilities for ane-
lyzing data. It is tmportent that undev—
gradustes in sciance raceive sI9erisnce
with such tachniques, Por thay wit! work
in a world in which computerizad coilec-
tion and analysis of dats will ba routine.
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CLASSICAL MECHARICS WITH COMPUTER ASSISTANCE
A. Douglas Davis

Department of Physics
Eastern IY11nofs University

Charleston. IL 61920

“This paper describes the use of
\ computer and elementary numerical
analysis in the teaching of a course
in classical mgchnnics. This s a
traditional, rigorous, calculus-based
mechanics course. The use of.the
computer allows students to solve
problems somewhat before the analytical
solutfon 15 developed. Such prior
solutfon allows them to anticipate
the analytical solution and greatly
afds in their understandin%. Computer-
enerated solutions also allow the
nvestigation of {nteresting problems
whose analytical solutfon would other-
wise be beyond the scope of this
course,

INTROOUCTION

This paper describes the use of
a2 computer and elementary numerical
analysis in the teachfng of a course
fn classical mechanics. This {s not
a computer-based mechanics course.
Rather 1t is a traditional, rigorous
course 1n classical mechanfcs. Computer-
generated solutions are used as simply
one more tool to teach the real physics
of the s{tuation. :

The first week {three S5D-minute
lecturc. ) is devoted to teaching
"conversational BASIC"-- fust enough
BASIC that even students with no prior
exposure to comguters can go to a
terminal and write the simpie programs
we shall yse., Thus, students can
{mmediately write, run and change their
own BASIC programs. The TAB functfon
ifn BASIC allows even neophytes to
obtain graphic results very quickly.

In addition, the results of some
instructor-written computer programs

are used. Both student-written and
fnstructor~written ﬁrograms give students
another tool-- another point of view,
enother handle -- to use 1in developing

~physical fntuition and a sol¥id under-

standing of what's going on 1n a given

- s{tuation.

Computers are used fn the following
areas:
1. Introduction to varfable forces.
2. Introductfon to fntegral calculus.
3. Investigation of harmonic motion.
4, Alternate approach,
5. Central force orbits.

INTRODUCTION TD YARIABLE FORCES

In any good, solid {ntroductory
physics course students will have solved
essentially all of the basfc problaas
involving motfon caused by a constant
force. Yarfable forces require the use
of calculus for a solution and are
usually not covered in detail in an
introductory physics course - even 17 it
is nominally calculus-based.

Harmonic motfon is the motion of &
body under the {nfluence of a l{near
restoring force and can be written as
F = «KX where F 15 the force, X 1s the
positfon: K ts the spring constant which
determines the strength of the force, and
the negative sign indicates that the
force always acts to move the body back
to the orfgin. A classic example 15 a
body of mass M attached to a spring with
sprin% constant X. But harmonic
oscillators have more wide Spread use
than that. A thorough understanding of
harmonic oscillators 1S ysevui, even
necessary, for understanding such diverse
things as automobile suspension systems,
radio recefvers, and ultra-violet
absorption by the atmospheras.

A major foundation of classical
lechanic? states that a force acting on
a body Will cause 1t to accelerate. *This
acceleartion 1s directly proportional to




the force and inversely proportional) to
the mass and can be written in the form
of a = F/mor, as fs more usually done,
fn the form of F = ma. Beginning with
this in the second week of class students
write 2 simple {terative program to solve
for the motfon of a harmontc osctllator.
The eserentfals of the program are:

100 LEY F
110 LET A /
120 LET ¥
130 LET X
140 LET T
150 PRINT T, X
160 GO TO 100
where F 1s the force; X, the spring
constant: A, the acceleration; V., the
velocity: X, tha posttion: T, the

times and 0, the time increment AT.
Adi{tional details of the program allow

b to be small for greater accuracy yet

have only a manageable amount of data

to be printed out. A more sophisticated
numerical analysis routine, Ti{ke the Runga-
Xutta method. could be emgToyed {1).

But stnce the object of al) this is to
understand the phystcs of the motion rather
than extreme numerfcal accuracy. the
simpler method seems preferable. While
classrocm discussfons are usually

1imfted to writing a program fn BASIC,

th$s procadure 1s readfly adaptable to a
hand-ﬁald programmable calcuTator (2).

"
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The TAB functfon in BASIC allows 2
student to get graphic output readily by
changing the PRINT statement to: ok
150 PRINT TAB (40 + 30 * X}; "#v
which centers the output on column 40
when X = 0 and has a scaling factor of 30
to PRINT an asterisk fn column 70 or
column 10 1f X has a value of +1.0 or
=1.0. [If constderably larger or smaller
amplitudes are axpected tha scaling factor
fs changed accordingly.

Such graphfic output allows the
students to sea the motfon -- and
fnvestigate {ts dependence upon tvarious
Earameters ~= in some detatl before we

egin the rigorous analytical solution of
the same peobler. Xnowing more about

the bhehavior of a system makes finding

2 mathematical soTutfon all the easfer
and more meaningful once it §s obtained
by more tradftioma) means.

INTROOUCTION TO INTEGRAL CALCULUS

The fact that an integral represents
the area under a curve ts of vital fmpor-
tanca 1n phystcs. Yet students sometimes
complete the average course fn integral
¢aTeulus knowing an fntegral as simply an
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operation, the anttdifferentiation of a
functfon. To stress the ftdea of an
fntegral as the area under a curve or as
an infinfte sum, a homework problem 1s
assfigned that asks for the sum of the
areas of small rectangles bounded by the
quadrant of a circTe. The quadrant of a
circle can be broken into five, ten,
perhaps 20 or even 100 small rectangles
whose Individual areas can be calculated
by hand. As more and more smaller and
smatler rectangles are used. thefr total
ares comes closer and closer to the
acsual area of a_quadrant of a circle,
wri/4 or 0,7854r2, An tntegral, since it
fs a sum of an infintte number of
fnfinttestmally small rectangles gives
g;g%g%lkth t result. To make this point
unmistakably clear, the students are
asked to continue by breakina this
quadrant of a circle fnto 100, then 1000,
and finally 10,000 tiny rectangles. This
problem would be unrealistic and futile
to atten?t by hand, but 1s an easy and
tnteresting problem for the computer.

IKVESTIGATION OF HARMOKIC MOTION

F s -XX describes a s harmontc
osctllator. Addition of 3 frictional
damping force turns this fnto a much more
reatistic damped harmonfc osctliator.
Such a damping Torce might represent
mass and spring u?ggling under water, or
tn cold mo?asses, or the resistance In a
radifo or the shock absorbers on a car.
Its tnclusion drastically changes the
technique and approach necessarg for an
analytfcal solutfon. But long before the
students are concerned with the detatls
of an analytical solutfon; they have
amp1 1nvest13ated the behavior or wotton
of this damped harmontc osctllator. The
only change to the earlter computer
program fs to redefine tha force, fnclud-
1ng the demping force,
TOD LETF s =K * X -C * V¥
Nith this change. the students can now
tnvestigate the motfon for vartous tnittal
condi tfons and varfous values of the
damping coeffictent C. Underdamping.
critical damgin?, and overdamping become
terms of real significance describing
certatn particular and characteristic
mottons of the oscillator.

Resonance Phenomenon or the behavior
of a dri or I%ﬁﬁli harmonic oscillator
has appiication roughout technology.
Tuntng of a radfo s but one example.
Long before the students hear the ominous
phrase "tnhomogeneous second-order
differentfal equatfon,” they will have
learned much about the characteristics of

]
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solutfons to Just that. Agafn. one
simple change to the fnitial computer
program {s all that s required. The
eauation definfng the force now becomes
T00 LET F = -K*X-C*V+E*SIN (W*T)

where E 1s the strength of an external
driving force which varfes sinusofdally
with angular frequency w. Resonance
can clearly be seen and fnvastigated by
changing varfous parameters and observing
ths ezfect those changes have on the
output.

ALTERNATE APPROACH

Some very interesting real-world
problems are difficult to solva analyt-
fcally. Othears can be solved analytically
without too much difficulty, but under-
standing the full meaning of the solution
may not be entirely clesr to students.
For both situatfons a computer-generated
solution §s a very useful alternate
approach. )

It s an easy matter to discuss the
trajectory of an obJect thrown and then
acted upon by Earth's untform gravita-
tional field -- as 1on? as friction
through the air 1s neglected. That's a
reasonable approximation for many sit-
uvatfons. But it 1s also a rather
interesting problem ¢o Include &ir

resistance and then {nvestigate the
Era?ecfor?. .Adr resistance fs not
neglegible 1f & student throws a

crumpled wad of paper at a waste can
or {f a naval cruiser fires a shell
at a target ten kilometers away.

It 1s-an easy matter to return to
the original computer program and modffy
1t to handle a ballistic trajectory with
Tinear air resistance:

LET F1 = ¢ * ¥

LET F2 = = * ¥2 - M * §
LET AY = F1/M -

LET A2 = F2/M
LET V1 = ¥1 + A
LET V2 = ¥2 + A
LET X = X + ¥V
LET ¥ = ¥ + V2
LETT =T+ 0
PRINT T, X, ¥
160 G0 TO 100

C 1s the air drag coefficient, G 1s the

P et e s
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acceleration due to gravity, the quantities

with 2 1 suffix refer to horizontal or
x=-components, and quantities with a 2
suffix refer to vertical or y-componants.
This program yfelds a data table of hor-
izontal and vertical positions which
students are asked to plot in order to see
the trajectory. Inftial condftfons of
muzzle velocity and firing angle are

varied; the air drag coefficient 1s also
varfed.

CEXTRAL FORCE DRRITS

Gravitational forces, electrostatic
forces, and forces onh an {sotropic
harmonic oscfllator are all examples of
central forces, forces which depand only
Lupoh an object's dfstance from a certain
orfgin. Central forces occur throughout
nature. Any course in classical mechanics
will spend & consfderable amount of time
and affort investigating central forces
in general and the fnverse-square Taw of
Newton's Law of Unfversal gGravitation in
particular. The orbits of interplanetary
space probes, comets and planets all are
both important and interesting.

Again; the computer can enhance this
aspect of classical mechanics. For
example, after the analytical solutfons
are derfved and discussed. e desktop
nint-computer with attachad x-y plotter
can be brought {nto class. AS the class
watches, orbfts are drawn for various
inttial condftfons. The conditions for
a cfrcular orbit become obvious, and
the real meaning of escape velocity {is
made entirely clear.

This computer and plotter also allow
the students a glimpse at how planats
would move if the universe had been
designed differently. Orbits for a force
that has a radiai dependence of

1 or 1 or 1

r!.g
or whatever oine likes can be handled just
as readfly as the _1_ of the real force.

This always sparksrstudents' interast and
leaves them with an axperfence somewhat
more tangible than Just the discussion
of an equation.

CONCLUSIGN
CTassical mechanics forms a very

important foundatfon in the educatfon of
Ehysicists and engineers. And, almost
nvariably, 1t is considered difficult by
students. Both student-written and
snstructor-written computer programs offer
an addftional tool to aid students fn
understanding mechanfcs, Students find
the computer enjoyable {(even those with
14ttle or no background who aiso find

§ts use chaIIQnging). They report that
1ts use greaily aids them in gaining a
thorough understanding of the analytfcal
solutions, Tor as they see how a system




actually responds, the mathematics even-
tually derived to describg %hat notion
becomes much more meaningfu
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COMPUTER- AUGMENTED VIDEQ EDUCATION IN
ELECTRICAL ENGINEERING AT THE U. 5. NAVAL ACADEMY

Michael W. Hagee
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United States Naval Academy
Annapolis, Maryland 21402
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ABSTRACT

This paper describes a computer-
augmented video education (CAVE) project
being undertaken in the Electrical Engl-
neering Department at the United States
Naval Academy. The project is designed
t0 produce a serles of modules involving
computer graphics display and integrated
computer-controlled television to help
engineering students (non-electrical) as
well as non-engineering students learn
the essentlals of electricai engineering.
Bach module contains a quick recap of the
theoxry and basic sample problems,
followed by an exercise to test students’
proficlency.

I. INTRODUCTION

Although there are different areas
in which a midshipman at the United
states Naval Academy can major {(from
nuclear physics to English literature),
all midshipwen regardless of major arxe
required to take a two-semester survey
course in electrical engineering during
thelr second class (junior) year. Two
different two-semester courses are
offered. One 1s the core course progranm
for non-engineering majors and the other
is the engineering core course program
for engineering majors. Both courses
cover basically the same material at
slightly different levels. Both courses
are a mixture of theory and practical
work and cover just about every major
electrical engineering area.

This unligue requirement for all
students to succesafully complete a
two-gumester college level electrical
engineering course has presented some
time-consuming problems. In the past,
one-on-one extra instruction (EI)
sessions have been the main tool in
helping those non—-technically oriented
students.

EI sessions 1lnvolving an instructor
and one or two students have always been

an important part of the learning process
in the Department of Electrical Engineer-
g and 1s in part a philosophy of teach-
ing at the Naval Academy. The somewhat
slower or weaker students find this type
of aid essential in any course in which
applying hasic principles to solve prob-
lems 18 a primary objective and also used
as & measure Of achlevement. These EI
sessions were found, not surprisingly, to
he ramarkably similar. They begin with a
quick recap of pertinent theory followed
by the solution of a basic problem apply-
ing the principles just reviewed. As time

Jpermits, the problem solving ls repeated

with variations in the hope that the
student bullds both experience and con-
fidence. In fact, the confidence of the
students that they can succeed by apply-
ing the different.principles tJ slightly
different sitovations is of paramount
importance in such a course. A typical
EI sesgions ls also characterized by
usually covering only one or two of the
stated learning objectives of the program.
Sesslons covering the same material are
repeated with different students. In this
senge they are inefficient and tax the
instructor not necessarily just for the
time involved but also because even a
skillful and patient ilnstructor can find
it difficult to mairtain enthusiasm
through constant repetition.

I1I. DESCRIPTION OF COMPUTER-SUPPORTED

INSTRUCTION SYSTEM

The Academic Computing Center at the
U. 5. Naval Academy has developed a
computer-supported instructional system
{C5I8). It 19 intended for use as a
drill/practice/tutorial tool to ald USHA
instructors in computer pressntation of
thelr course material. The same learning
material can also be used as a test. One
feature allows the instructor to build an
exercise in basic building blocks called
frames. A frame may be in the form of a
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question, a comment, or a help sequence}
or i1t may be a means of letting the
student control bramching. The frame-
type deslignator determines how the com-

ter is to analyze the student's response.

f such a responge is necessary. Another
important feature is that frames may c.ntain
numeric and string varlables and function
expressions -- all under the control of
the author/instmmctor. This feature
ailows the instructor to present the same
functions {questicn types} to all
students, but each studeni gets a dif-
ferent set of values for the varlables
and functions {gquestions} used in the
frame. Furthermore, the instructor can
control such things as the number of
tries a student 1s allowed for answering
a guestion correctly, whether the frame
contalns graphlcs, the number of times a
frame is to be presented with different
varlables substituted, and allowable
correct answers.

A team of elght instructors from the
Department of Electrical Englneering is
currently working on a project using €SIS.
The current project will incorporate
those phases of aild to students into
packages or modules of material avallable
at any time in the Academy's audio visuai
centers.

The project team is producing a
serles of modules of video and computer
materials which could be used by students
as 3 self-help, extra-instruction tech-
nique. Each module 1s keyed to one of
the recurrent stumbling blocks encoun-
tered each year by non-engineering
majors In thelr first ccurse in electri~
cal engineering. These mcdules are
being designed to replace some of the
regqular extra-instruction tutored/taught
by the faculty.

A study of paat exams, student
evaluationsys and fzculty questionnalres
indicated that all students, from the
superior to the weaker, experienced
common stumbling blocks. Interestingly
the problem areas were common to. both
the engineering and non~engineering
students. These areas covered such
topics ag network reduction, Thevenin's
Theorem, Norton's Theorem, voltage/
current dlvision, RC and RL transient
analysis.

It 1s our conviction that the com-
puter 1s most significantly explolted
ug an educaticnal tool when it is used
in conjunction with other activities.

All module design work 1ls approached
with the 1dea of complementing clasas
work with practical drill and practice
axerclses which reinfor-e the major
learning objectives.

ERIC

Aruitoxt provided by Eic:

_t_——-—n;lx‘

Science and Engineering g1

All extra-instruction modules are
designed to give initially a brief {one
or two frame) review of the objective in
question. However, the heart of the
modules is the drill and practice frames.
These frames can select problems and
clrcults at random and through the use
of predictable wrong answers {PWA) gquide
the student through the necessary steps
to a solution. The lnstructor/programmer
can incorporate video anywhere in the
program, from using educational television
for the initial introduction to having
caertain segmenta serve as help seqguences
for the PWAs. Since both the graphics
terminal and the vildeo cassette player
are completely controlled by the computer,
the student 1ls relieved of all coordina-
tion tasks but 1s still an active part in
& malti-media presentation. A control
interface was designed at the Naval
Academy to take signals from the author’'s
program and physically control the video
cassette player. There are commands such
as "GO TQ" and "PLAY." These commands
transport the video tape under author/
instructor or student control. The
computer really acts as a coordinator.
7he student, not the cobputer, c¢an control
the instructional flow. This control
results both from answers to presented
problems and from lnput to periodic
decision frames. PFlgure 1 shows an
arrangement of the color television
monlitor, color video casgette player, and
the computer graphics display terminal.

In what follows, we describe some of
the computer-ailded EI programs.

A, Voltage/Current Division

Figure ;2 deplicts a typlcal question
frame block diagram. Filgure 3 reflects a
spaclfic question frame in the voltage
division module. As the student enters
this particular frame, the program assigns
random values from previously stored files
to all circult varlables., The component
across which the voltage drop is to he
calculated 1s also randomly selected.

pased upon the values assigned and
component selected, the program calculates
the correct answer, six predictable wrong
answers (PWA), and one unpredictable wrong
answer. The student then enters his
answer.

In Figure 4 the user has entered a
value of 65, and the computer hasg re-
sponded with the unpredisctable wrong
answer message, In Figure 5 the student
entered the correct magnitude but had the
wrong peolarity which caused cne Of the PWA
messages to be displayed. Filnally in
Figure ¢ the student has anSwered correct-
ly and received an appropriate congratula-
tory response.

10o
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PIGURE 1

The pwWAs are uot limited to a one-
or two-line message but can be expanded
into geveral supplementary frames or a
video presentation., Upon completion of
these help sequences the user is usuvally
given the same or similar questions to
teat his understanding.

After a successful answer, the
program checks to see whether the
student has received the reguired number
of presentations. If not, a new circuit
with different components and values
would be randomly selected and presented.

If the number of presentation
criteria is satisfied, the program
determines whether the user has answered
a predetermined number of questions
successfully to continue to the next
objective. If not the student is sent
to another series of help sequences;
otherwise he is directed to the next
objective.

All variablesg, circuits, com=-
ponents, number of presentations, and
nurber of attempts are under the author's
caontrol.

B. RL Transient Module

. This program consists of 28 frames.
As an example, suppose the student has
reached Frame 8 and is presented with the

circuit as shown in Figure 7. He is
asked to answer the gquestions and the
picture remains on the scieen until he
has provided an answer. If the answer is
correct, he moves on to the next topic.
If the answer is wrong the first tiwse,

he is given a second chance. If his
second answer is still wrong, he is
given three choices: (1) more review,
(2} take the test again, or (3} stop.
This information is given in Frame 13 as
shown in the Appendix. ALl he has to do
to make the choice is to type in REVIEW,
CONTINUE, or STOP. If he chooses REVIEW,
or CONTINUE, an appropriate picture will
appear on the screen to provide the infor-
mation he has asked for. If he chooses
to STOP, he will be asked if he wishes tu
comment on the program. iHe can either
type in "NO" (no comment} or make a
comment and then sign off.

IITI. SUMMARY

Computer-augmented video education is
a highly interactive process that is dif-
ficult to describe verbally. The hest
understanding can really only be achisved
by sitting at a carousel/terminal and
running the module. A good computer-based
instruction system must satisfy several
different communities: +the sducator-
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programmer, the instructor, and most
jmportantly the student.

Student response to the first set of
mcdules has been heartening, as a large
number indicated that they found the
wodules to be helpful and enjoyable. Many
students tried the programs after hearing
that they were of help: on the night
bafore sach major exam approximately 25%
of the class worked one or more modules.
We feel it is important to develop pro-
grams that will be challenging and com-
pelling and that will encourage students
not only to try other topics, but also
to recommend the programs to other
students.

The twelve modules that were used
covered material of about 1/4 of the
course, and approximately 75% of the
students in the course used one Or more
programs, It appears that the availabili-
ty of additional topics would have re-~
sulted in a greater percentage of the
students using the modules, since other
topics were suggested by both users and
non-users. The advisability of provid-
ing a complete set of supplementary
programs is being studied at this time.

A total of siyx sections out of 45
were randouly selected to authenticate
each module. Three of these sections
were designated control groups while the
remaining three were the test groups.
Although data are still being analyzed,
initial indications peint to a high
correlation between the test groups and
the higher test averages. (The complete
data analysis will be available by the
time of the conference.}

There were two major problem areas
pointed out by the students. The first,
not surprisingly. was delays caused by
slow computer response. The chaining
process used in the display of graphics
caused some fairly large delays especial-
1y when the number of users on the systenm
was in excess of 100. This problem
must be dealt with (it will be studied
this summer )}, since these delays may
have prevented some students from using
the programs and could dampen anthusiasm
for any interactive computer materials.

The second most often recorded
comment was & pedagogical one. The
students had a strong desire to see the
school solution to a problem. This was
true even though they may have answered
the problem correctly. There was also
a strong preference for seeing the
specific problem missed worked in the
help saquence rather than seeing a-,
general review of the theory involvéd.

Through the use of computer
graphics display terminals, well
engineered and flexible software, and
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a system with a demonstrated high reli-
ability, we believe we have developed a
pedagogically sound and interesting get
of modules that will complement the
regular classroom instruction. The
student can use the gystem to increase
basic electrical engineering skills
through drill and practice. The in-
structor can anticipate to spend less
time on EI sessions and therefore can
devote more time to students with serious
difficulties.

This type of customized instruction
offers the added benefit of diagnosing
students' specific problems in given
concept areas as well as measuring vari-
ous teaching methods, since one can
monitor the responses/comments of
students to the given material.
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FIGURE 3
QUESTION #1 PRAME 51

You will be given three chances to answer
all questions correctly. If at any time
you feel you would like to review the
voltage divider technique concept, type
"00” when a question is asked.

{The calculator mode may be entered by
typing "$C5".) ==-Wait for the circuit.--

What ia the value of the voltage drop
acrogs R2?

Rl=1500 OHMS R2=670 OHMS R3=560 OHMS
R4=600 OHMS Vs=6.3 VOLTS

ANSWER?

CIRCUIT ?

FIGURE 4
QUESTION #1 FRAME 51

You will be given three chances to answer
all questions correctly. If at any time
you feel you would like to review the
voltage divider technique concept, type
"00" when a question is asked.

{The calculator mode may be entered by
typing "$CA".) --Wait for the circuit.--
What is the value of the voltage drop
acrosg R2?

Rl=1500 OHMS R2=670 OHMS R3=560 OBMS
Ri=600 OHMS Va=6.3 VOLTS

ANSWER? 65

I'm sorry but your answers don't agree.
I thipk yYour approach is incorrect.
Please TRY AGAIN or type 00 to review.

MA—
M R3 CIRCUIT ?
Ju .
Vguam f1

>
R,‘g

Ry %:

FIGURE 5
QUESTION #1 FRAME 51

You will be given three chances to answer
all questions correctly. If at any time
you feel you would like to review the
voltage divider technigue concept, type
"30" when a question is asked.

{The calculator mode way be entered b:
typing "$CA".) -~-Wait for the circuit --

What is the value of the voltage drop
acrogs R2?

R1=1500 OHMS R2=670 OHMS R3=560 OHMS
R4=600 OHMS Vg=6.3 VOLTS

ANSWER? 65

I'm sorry but our anawers don't agree,
I think your approach is incorrect.
Please TRY AGAIN or type 00 to reviaw.
ANSWER? «).9

You hava the corvect magnitude but the
wrong polarity. Try Again.

MA—
+ ! R3
vs::g'_f R, 2 | cxrourt 7
Ry .3
Ry )
1oz
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FIGURE 6
QUESTION #1 FRAME 51

You will be given three chances to answer
all questions correctly. If at any time
you feel you would like to review the
voltage divider technique concept, type
"00" when a question is asked.

{The calculator mode may be entered by
typing "$CA".} ~-Wait for the circuit.--

What is the value of the voltage drop
acrosgs R2?

Ri=1500 OHMS R2=670 OHMS R3=560 OHMS
R4=600 OHMS Vg=6.3 VOLTS

ANSWER? 65

I'm sorry but our answers don't agree. I
think your approach is incorrect. FPlease
TRY ?GAIN or type 00 to review. ANSWER
-109

You have the correct magnitude but the
wrong polarity. Try Again. LAST CHANCE
ON THIS QUESTION . 21.9 GROOVY!

MA
l R3 |

CIRCUIT 7
MS

Ry

, :[il—;

Ry

FIGURE 7

QUESTION #5 FRAME 8

TEST 1

Consider the following circuit.

1l 2
—

Ry

+
E-f- L Ry

Let E=l10 VOLTS Rl=3 QHMS
L=30 mH R2=6 OHMS

The switch has been in position 1 for

a long time {(at least 5 time constants).
What is the current through the
inductor?

ANSWER?

RIC

Aruitoxt provided by Eic:

Science and Engineering 95

APPENDIX

You have missed the problem.
You have 3 choices as follows:
1. Type REVIEW for more drill.

2. Type CONTINUE if you would like to
try the test problem again.

3. Type STOP to stop.
ANSWER?

1og
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USE OF PROGRAMMING METHCDOLOGY
IN INTRODUCTORY COMPUTER SCIENCE COURSES

Elizabeth Alpert
Hartnell College
156 Homestead Ave.
Salinas, CA 93901
408 758-8211 x 431

INTRODUCTION \
"Tyenty-five yedrs ago ocur job was to
instruct the machine; now 1t is the
machine's job to execute our program.”
E.W. Dijkstra

in August 1979 I participated in the
Ninth annual Computer Science Institute
at the University of California, Santa
Cruz. The Institute was dedicated to Pro-
gramming Methodology~--a one~wyeek lntro-
ductory courae followed by a two-week
lecture series. The speakers were an
impressive group--many of the members of
IFIP Working Group 2.3 plus several other
prominunt computer sclentists. I expected
to recelve information I could use in the
classroom, but I did not anticipate that
the matarial would lead to a total re-
evaluation of what and how I was teaching.

The nature of computing is changing
rapidly. The proliferation of microproces-
gors has spread the availability of com-
puting and created an ilncreased need for
what Wirth (1) calls “"programming know=-
how." In addition, advancements in micro-
processors and LSI technology have paved
the way for the development of new
programming techniques, Econcmizing on
memory space or eliminating an instruction
or two are antignated Programming goals.
The design and implementation of correct,

readable, and understandable programs
should be the goal of modern programmers.
Enormous contributions have been made
toward reaching this goal. It ls the re-
sponsibility of computer sclence educators
not only to lecture about methodology but
to incorporate the new methodologies
thoughout the computer sclence curriculum.
The purpose of this paper is to discuss
those aspects of programming methodology
that have particular relevance for computer
sclence education and to make some sugges-
ticns for their incorporatiocn early in
the curriculum.

THE SCOPE OF PROGRAMMING METHODOLOGY

The major objective of programming
methodology is to increase the program-
mers’ ability to design and implement
programs. Programming methodology
addresges problem 80lving techniques,
program reliability and adaptability, pro-
gram correctness and structure, guldelines
for partitioning large program tagks, and
sof tware tools. The computer sclenice
student, whether in a four- or two-year
program, must develop an appreclation of
what methodology is and how to use it.

107
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PROGRAM DESIGHN

Modularization
*....a separation of concerns.”
E.W. Dijkstra

Most programming problems deal with
more than one issue. Thinking ahout all
the issues at once is confusing and
difficult to do. BY separating the issues
and dealing with the complexities one by
one, a program becomes naturally parti-
tioned into modules. Programs written in
a modular structure are easier to think
about, modify, maintain, and understand.

How to partition a pioblem is not
necessarily obvious, and therefore it is
difficult to teach. What should be taught
is that partitioning a problem is the
first step in problem solving and program
design, and is a worthy goal in itself.

Most introductory textbooks discuss
modularization, but do not include enough
exercises to provide students with an
opportunity to apply it. It iz up to the
instructor to develop sophisticated
problems that are simple to solve
after the problem has been partitioned.
The whole cycle of changing, adding,
deleting, and exchanging modules should be
made a part of all programming projects.

Specification

specification is a statement of speci-
fic requirements. It is a process that is
independent of composing the program and
is not part of the solution., Specifica-
tion provides a means of communication,
and in fact should minimize what the
programmer neede to know. To be useful,
specifications must be precise and well-
structured. Parnas (2) believes that
specifications stated in terms of exter-
nally observable phenomeéna are preferable
to specifications given as another pro-
gram because they are user-oriented and
understandable even by the non-programmer.
They do not leave room for guessing about
the requirements nor do they suggest
particular implementations. There are
various techniques of formal specification
that appear in the programming methodology
literature, but regardless of the method
the common guidelines, as suggested by
Parnas, are:

state everything that is reguired

stats nothing that is not required

leave no room for doubt.

It is eseential that students learn
to appreciate the necessity of formal
apecifications and learn a well-structured
specification wethodology. Practical
experience in writing formal specifica-
tions should be required of some program-

Q
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ming projects. Most introductory textbooks
provide complevely specific problems. The
students are even given the input/output
formats., It would be a worthwhile exer-
cise for instructors to assign practical
problems with which the student has
faniliarity--e.q., registration process-
ing, payrcll--and require the student to
do a complete specification ¢f a problem.

ALGORITHM DESIGN AND DESCRIPTION
"Nice descriptions of neat algorithms
are not gifts from heaven; they are
formally designed."
Dijkstra and Gries

Once a program has been formally
specified, algorithms can be designed for
each of the parts. Before the algorithm
is designed, however, it is necessary to
select a notation to describe the algo-
rithm., The notation must be concise,
understandable, and formal.

An Introduction to Formal Descripticns

one of the most powerful tools for
algorithmic design is the notation {or
lanquage) developed by Dijkstra {(2). It
is essentially a calculus for the deriva-
tion of programs using predicate trans-
formers for each statement. A predicate
transforng is a rule for deriving from a
result predicate {post-condition] a predi-
cate corresponding to the set of states
that ensure that the statements will termi-
nate and establieh the truth of the post—
condition. The statements in Dijkstra’s
language include: skip, abort, assignment,
and the guarded constructs if---fi, do---
od. A guard is a boolean expression at the
fiead of a statement list: a list may be
exaecuted only if the corresponding gquard
is true.

The statements are defined by their
predicate transformers. The mathematical
semantics of a etatement 5 and any post-
condition Raregiven by the weakest pre-
condition such that $ establiehes R, This
is denoted by wp(%,R}.

For the aseignment statement the
predicate tranaformer is

wp("x i= E": R) = RXSSE
where Rx-ag denotes the predicate obtained

by substituting all' frae occurrences of

x in R by some expreesion E, A defini-
tion of the predicate trangformers for -
all the statements canp be found in {3).

A description of the ¢-~erational semantics
for each statement f.° lows.

The "skip" star fent is executed by
doing nothing. “The ‘abort" statement
signals failure. An assignment statement
is denoted as "x := E" where x is a

1og
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variable and E an expression., The semi-
colon denotes seguencing; the execution of
$ S3" will result in §) being executed
%ore S5. The "FF" statement is denoted

if B, sk
b B+ 8L,
LI

J Bamsy,

where the B; denote guards and the SLj are
gtatement lists, In the execution of IP
any one of the SL; will be executed if the
corresponding By Is true.* Thel "bar"
acts as a separator between otherwise un-
ordered alternatives. The "DO" statement,

denoted by
do Bl - SL1
1 B, > SL,

6 :
o‘}] Bn + SLn

continues to executeany one Of the alterna-
tives whose guard is true until all of the
guards are false.

Some Examples of Formal Descriptions

Describing algorithms using this nota-
tion can be accomplished through some
fairly simple formal methods. Let us con-
sider a situation where it is desirable to
astablish the result as a = 7 where a is a
program variable, The program a := 7 will
establigh the truth of the result since
the initial state is true (i.e., 7 = 7 is
T, and wi{"a := 7", a = 7) = 7). *The pro-
gram a := & will not establish the truth
of a = 7 gince there is no initial state
that will guarantee it {i.,e., 7 = 6 is F)
and wp("a 1= 6, a = 7} = F),

Let us next consider the problem of
establishing, for a given x and ¥, a result
where m, a program Variable, contains the
larger of x and ¥y and either x or y when
x = ¥. Por the result to be true when
“m = %, x must be > ¥. Por the result to
be true when m = ¥, ¥ must be > %, The
conditions x > ¥, ¥ > x become the guards
for the program statements.

ifx>y>m=x
fyzx->ms=y

fi

*The IF aborts if no guard is truse,

Since one of the two conditions must be
true the prugram will never abort. HNote
that if % = y both ¢onditions will be
true, and it is indeterminate which state-
?g?t will be chosen; nor does it matter

Programs using the do---od iterative
construct can be developed in much the
same way. Let us consider developing a
program to establish a result R that
states that 8 is the sum of the elements
in an array A of n elements where n > ¢,
Obviously, the establishment of the truth
of R requires a loop structure, What must
be found is a generalization of R, i.e.,

a relation P, that can be easily made true
initially and that can be held true during
the iterative process. In generalizing,
the variable i replaces the constant n,
Thus, P can be defined to be the relation
that § is the sum of all elements in the
array up to A (i) and ¢ < i < n, Usimg
this generalization, the result, R, is
established if P is txrue and i = n,

Since P must be true before executing
the loop, conditions must be found that
establish this state,. Setting i to ¢ and
5 to 0 will establish P~-the sum of no
elements is zero. During the lterative
process, computational progress must be
made to ensure termination, Stepping i
towards n by increments of 1 will do that.
Keeping P ipvariant then requires adding
A(i? to 5 after incrementing i. All that
remains is the choice of the guard for
the loop. Since i = n is the condition
for termination, i # n wust be the condi-
tion for remaining in the loop. The
program has now been derived:

8 =0 i 3= 0;
do i g n =»

is=i+1; 8 =8+ ald)
g .

A more robust program results when
the guard is weaker, A guard i ¥ n is
weaker than i < n, If, for whatever
reason, n were less than zero, the loop
guard i < n would cause an immediate skip,
and termination of the loop with no
notification of error.

A common solution to this same prob-
lem is the following

8 ;= A(l); i 1= 2

do ipdn+ 1+

R YY)

Si»S5+A(l)s i=i+1




The second gclution is more efficient--one
pags through the loop hag been eliminated.
However, for n < 1 the second progran is
not correct, The program could be modi-
fied to the following equivalent program:

S = A{l); 4 =1
do i n~

i = L1+ 1; 8= 8 + A1)
od

but both will result in an infinite loop
for n < 1.

Reasons for Using Pormal Descriptions

By this time the reader might be
thinking that the examples have not shown
anything new. That is exactly the point.
The solutions may be the game but they
have been arrived at through a totally
different procesg. It is the methodology
that is important as a program design tool.

These golutions could probably have
been written without the analysis, but for
more sophisticated problems the program
solution may not be as obvious or intui-
tive. And even if one were to arrive
intuitively at the same program, that the
development of the algorithm can be
formally verified is significant.

By following the methods outlined by
Dijketra, solutions t¢ problems can be .
devised and described in a notation that is
quickly understood. The algorithms can be
sasily digcussed because of the simplicity
of the language. Initial formulations of
algorithms can often be "magssaged" pro~
ducing simpler or more efficient sclutions
without changing the asgertion about their
validity.

Additional examples of this approach
oan be found in the appendix. It ia
sugyested that the reader golve the prob-
lems first and then compare the golutions
with the algorithms.

The greatest challenge in computer
science education is teaching etudents how

to design algorithms. The intuitive approach

may:work for some students but it certainly
cannot be depended on. Illugtrating the
design of a few basic algorithms is
-usually helpful, because the students

can transfer the techniques to related
problems. Po : example, different algo-
rithms for manipulating the selements in a
list may share many of the same

properties.

An initial reaction to the Dijkstra
mtation and the methods that are described
much more formally in his book is that the
mathods are too mathematical and beyond the
comprehansion of most beginning students.
That charge may be true for the underlying
theory and the more sophisticated problems
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whose elegant solutions can only be under-
stood when derived formally, but for the
types of problems introduced at beginning
levels the pre- and post-condition asser-
tions as well as the iterative structuree
can be defined in a less formal manner.
Dijkatra, himself in fact, often does

just that.

What ig important is that students be
taught to design algorithms and be
encouraged to express those designs in a
notation that is independent of the pro-
gramming language used for implementation.
When algorithms are designed with a
particular language in mind they are
usually overly complicated and often in-
correct. There is no great accomplishment
in *training students to think in FORTRAN
{or any other programming language). The
real goal should be to train students in
how to think analytically and provide
them with tocols that can assist them in
that task.

Other Formalisms

At this point the reader might be
wondering why there has been no reference
to flow charts, structured programming,
or etepwise refinement. The design
mathodology that has been pregented is
actuallyan historical outgrowth of these
techniques.

Twenty-five years ago, when program~
mers were concerned with the details of
machine execution, flow charting might
have been a ugeful technique. Now,
however, it ig antiquated as a design tool.
The nost appropriate use of the flow chart
is ae documentation--a description of the
exacution of the program. It is unreason-

8 to expect students to try to design
algorithms using flow charts. Moreover,
they hardly ever draw the flow charts
before coding a program even when
instructed to do so. They usually draw
f£low charts after the program has been
coded and is running. Instead of being
chastised for this, they should be praised.

Structured programming is more an
implementation methodology than a design
one. The constraints of gtructured pro-
gramming for design purposes are fairly
primitive. The Dijkstra methodology has
equivalent basic constructs, and stronger
guidelines for combining them. . Students
should certainly be taught structurad
implementation, but will £ind that iwple-
menting well-designed algorithms requires
very little additional work.

Stepwisa refinement still Elays an
important role in design, especially for
larger problems. Dijkstra uses refinement
in his notation when describing complex
problems. Hehner (4} has suggested adding
to the Dijkstra notation a formal method
of refinement that eliminates the need

1ig
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for the do-—od structure! and may further
simplify the notation.

Students usually are successful when
using refinement techniques. That an
English phrase or descriptive term can be
included in the design process (and its
precise definition done separately), simpl -
fies thinking about & problem. The prac-
tice of writing down simple concise stepa
is one that instructors should follow in
the classroom whenever a problem ig belng
worked out. Too often students attempt to
solve problems by thinking in the syntax of
the programming language when just & simple
degcription suffices as a first step.

PROGRAM IMPLEMENTATION
*"Software is undoubtedly the major
source of unrziiability in most
computer systeis today.”

J.J. Horning

Unfortunately, the design of a correct
algorithm does not ensure that its imple-
mentation will be reliable. Whereas the
costs of hardware are plummeting, the
costs Of sortware keep rising. Seventy
percent of programming effort is spent
on maintenance and much of that main-
tenance is repair to unreliable or incor-
rect software. In view of this situation,
one of the important goals of implementa-
tion should be reliability. This section
of the paper presents some suggestions
taken from Horning (5) for creating more
reliable programs.

Language

The goals of simplicity, under-
standability, and m~intainability are as
important for program implementation as
they are for program design. A simple,
slegant algo*. .hm is easier to implement
than one that aas not been carefully
planned, but an effort muet be made to
maintain the simplicity. This effect can
be achieved by chcosing programming
language constructs that are simple and
easy to understand. NWell-designed
algorithms can be implemented using only
a subset of a total language,

Another advantage of choosing a gub-
get is that the programmer can become
more familiar with the constructs and
truly urderstand how to use them effac-
tively. The use of a language structure
that is only vaguely understood can be
dangerous.

Very often in beginning programming
language classes inatructors cover as many
of the language structures as possibla.
This is actually a disgervice to the
students. A more successful approach would
be to throw out all the complex structures
and consider only the very basic ones.

The programmer who truly understands the
basis3 will be more valuable than one
who thinks he/she knows all the
complexities.

bDocumentation and Style

pocumentation and style are athey
areag that can improve reliability. Docu-
mentation should inclaude not only a
description of what the program is
supposed to do but also information re-
lated to the design. Self-documenting
techniques such ag explicit declarsiions
and choice of meaningful variable names
are helpful.

peveloping a style of programming
should go right along with develioping
formalisms. Indentation and formatting
of the program text is a relatively
simple matter, yet it gxzatly enhances the
reader’s comprehension.

Most current texthooks provide
examples of documentation and style. With-
out constant pressure from the instructor,
however, there is little tranafer of what
the student sees in the text to the
programming assignmerts.

Robustness

The concept of robustness was men-
tioned briefly in dealing with program
design. It is relevant as well to program
implementation. 2 program is more robust
ir it functions properly when given a
wider range of input values. The inclu-
sion of a few precautionary measures to
handle the events that aren't supposed to
ocour can contribute much to the relia-
bility of a program. These meagures can
be language, machine, or data directed.
At present there are no exception handling
schemes that are infallible, but neverthe-
less, it is vital that beginning program-
mers realize the importance of guch
considerations and develop an appreciation
for the need to make programs robust.

CONCLUSION
"Well it [program] works, it must
be right."
Anonymous

This paper has presented certzin
concarns of methodology in program design
and implemantation. Theae concerns afiould
also be the concerns of computer science
educators. The need for computer literacy
courses is being stressed by college angd
university administrations across the
nation. Soon every college student,
whether in a two~ or four-year curricuium
will be enrolling in a computer science
class. The question is--what and how are
we going to teach these people?
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For years, the philosophy has been
that ctudents need to get on the machine
quickly. It didn't matter much what they
did there. If we are teaching people how
to program, it does matter. Hany students
take only one course in programming ahd
use that experience in their future
endeavors, With the increase in small
business and home computers this pattern
will increase. The decision must be made
then whether these peoples should merely
learn a programming language or really
learn how to program.

The methodologies described in this
paper are not difficult to understand or
teach. They can be included in all elemen-
tary courses now being taught. If they are
taught as part of the programming process
80 that students initially learn to do
things correctly, the quality of program-
ming is more lfiely to improve.

Teaching all tha details of any pro-
gramming language is of transitory value.
Languages change, machines change, new
varsions of software are released, and no
two manufacturers do everything the same.
But teaching methodology has lasting walue.

Just because a program works doesn't
mean it's right. What must be comveyed to
students is that there is more to program=-
ming than just coding. They need to
develop an appreciation for programs that
are simple, elegant, readable and robust--
the kind of program of which Dijkatra
says, "Ain't it a beauty!"
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APPENDIX

The following are examples of algo-
rithms developed b{ formal methods pre=
sented by David Gries during a five-day
Introduction to Programming Methodology
class at the University of California,
Santa Cruz, August 1979,

Example 1, Coincidence problem
Given a function £ with M valiues
where
£0(0) < £{1} < £{2) < ~mmmm <« £(M-1)
and a function g when N values where
glo} < gll) < g(2) ¢ ==cwm < g(li-1)

counk the pairs that are the same.
For example, for

f=3,5, 8, 12, 15, 18
g=1, 3, 4, 7: 8, 11

the count ¢ would be 2,
Solution 1. m = 0 n 3= 0 ¢ = 0;
donpdNandmpd M +
if flm) < gi{n) » m m+ 1
0 #2m) > glnl + n :=n+ 1

fL£im) =gin) »n=n+1;
mi=m+ 1
¢ct=Cc + 1

-
]

fi
od

The loop invariant is that c contains a
count of the number of £{i) = gli) where
02£1i<m 0<3<n. Termination is
the condition m = M, provided f£(m-1l) <
gl{n} or n = N, provided g(n-1) < £{(n}.
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Example 2, Different Values

Given a function f where

£(1) < £(2) < £(3) < ~mmaw<fiM}, M > 1,

count the number of different valuyes

in £i{l:M).

Solution. 2. m = 1 ¢ = 1

domy¥ M=+
if £lm) = £flm + 1) +

U £im) # £lm + 1) » ¢
n

£i
od

=

=

m +
1= ¢ +
m +

H

=

The loop invariant is that ¢ contains 1 +
the number of £(i ~ 1) ¥ £{i) for
l<i<mandl<m:z m

The program may he gimplified to:

msi=1l ¢ = 1

dom#g M+
m=m+ 1
if £im) = £
0£im # ¢
£i

od

{m + 1) + "skip"”
fm+ 1) ~¢c =2+l

3
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Impact om Introductory

Courses in Progrsmaing Using FORTRAN

by

Frauk L. Priedman
Department of Computer snd Information Sciences
Room 381 Speakman Haell
Temple University
Fhiladelphis, Pennsylvania 19122
(215} 787~1912

ABSTRACT

A first course in teaching problem solving and

structured progtamning uaing FORTRAN 1s briefly
degeribed. The features of the new FORTRAN 77
atandard which in the author's view impact most
significantly upon the course are summarized, and
the effect of thoge features upon the structure
and content of the course les discuseed.

INTRODUCTION

On the third of April, 1978, The American
National Stendards Imstitute (ANSI) approved a
new American National Standard for the FORTRAN
programming language [ANSI 78], This standard,
designated as FORTRAN 77, 18 a revision of the
1966 American Notilonal Standard FORTRAN. It ie
expected to have a significant impact upon the
uge of the FORTRAN langusge in & wide varlety of
applications areas. The new language should also
have 8 conniderable effect upon the use of
FORTRAN as a convenient language for teaching
introductory programming, since it provides a
number of significant pedagogic advantages over
its predecessor.

The features of FORTRAN 77 that support
theae advantages are the subject of thia paper.
A summary description, with examples, of each
feature is described, and the effect of the
feature upln the structure and content of an
introductor¥ course 1s discussed. Before pro-
ceeding to these topics, however, an outline
deceription of such a course 1s presented

. {eece also [PK 77 and FK 78]).

COURSE STRUCTURE .

Figure 1 contains an outline of the toples
coverad in the course, a time scale for these
toplcs, and a 1list of problems that are
sssociated with each toplc. The course 1s
oriented around a eet of two-dozen problems
which illustrate a varlety of problem~solving
techniquea. HMoat of these problems are solved
in their entirety, from the anaiysis and initial
sigorittm outline, through to the final flow-
diagvam refineaents and FORTRAM program.

Each problem is used to fliustrate the
aPPlication of a new feature of the FORTRAN

Q
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language. The feature will normally have been
introduced first, and & brief descriptiom of lts
gyntactic form provided. The problem providas
additional motivation for mastering this new fea-
ture since the problem solution would be much more
difficult without 1it.

Some of the problems showm in Fig. 1 emnhnnize
skills that are fundamentul to programming, such as
finding the largest value In a dara collecticm,
searching an array for a specified item, and sort~
ing. Other problems relate to a vericty of appli-
cation areas: business-oriented problems {checking
account transactions and inventory control}, games
{bowling score computation and Tic-Tac-Toe},
statioticsl computations, computer graphics, and
text editing.

By concentrsting on problems that require the
introduction of additional features of the FORTRAN
language for a reasonable sclution, the motivation
for these features becomea readily apparent. Once
the gssentials of the featurzs needed to solve a
particular problem are introduced, class dis-
cusalon focuses on data description and algorithm
design. It 1e occasionally the case that other
PORTRAN features are introduced as the algorithm
1 developed, refined, and finally implemented.
The essentlals of these features are dcseribed, and
exaaples of their use are glvan, usually within the
context of the problem at hand.

SUMMARY OF WEW FEATURES

The new FORTRAN standard describes two levels
of the language; FORTRAN {sometimes referred to
as Pull FORTRAN), and Subset FORTRAN. Whereas the
FORTRAN subset was previously described In a
separste standard (Amevican National Standavd Basic
FORTRAN, ANSI X3.10-1966), the deseription of
Subset FORTRAN 1s now included in the description
of the full language, and the old standard hae
been withdrawm.

The gulding criteria ueed In the development
of the standard were [BRAT 78]:

1. the inclusion of only those pew features
proven through actual usage

2. the inclysion of new features rhat en—
hance the portsbility of programe
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Week
1-2 Introduction to computers, Computation of gross and net
programs and program— salary for cne person (the
ning languages program given to students to
FORTRAN end” the basic run on the computer during the
computer operations first week)
3 Problem Analysla Computation of sum and average
Algoritim. development of N items
and refinement
Flow diagraus
4 One and two alternative Inventory control, finding
decigione largest number, simulation of
WHILE loops a bicycle race
Compiler role in trans-
relating etructures
5 Data types In PORTRAN Checking account program, prime
List-directed formatting number ldentification, Centi-
M loops grade to Fshrenhelt conversion
Arithmetic expressions and
functions
6-7 Liate and subscripted Computation of table of fac-
variables torlals, finding an item in a
Searching a list list, frequency dietribution of
Index computation exam scores. Table lookuwp via
direct computation and search
arrays
g Block-IF decieions struc- Scoring a bowling game, drawing
ture a bar graph, sorting an array
Generalized N0 loop
Next iteration and loop
exit control
Nested Structures
%10 Functions and subroytines Simple statistical package
Argument 1lists and global Sort/merge package
data
Program aystem charta
11 Use of Format Statementa Mortgage Interest tables
12-13 Loglcal expressions General search subroutine,
Character string proceseing finding parameters of a
Extracting substringa D% loop header, text editor
Replacing substrings program eystem
14 Multi-dimensional arrsys Matrix inversion, status of a

Array Input and output
Computer art

Tic-Tac-Toe game, printing
block-letter pattetns, achedu—
ling class rocms

Fig. 1t Course Outline and Aseigned Problems

3. wninimal increase in language or processor

6. production of a more precise description

of the language.

The new standard describes programs written
in FORTRAN 77, and not the processors (such as a
compiler or interpreter) of these programs. The

implementation of a standavd-conforming processor
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4. avoldance of features that conflict with
the pravious (1966) standard *

5. elimination of features in the 1966
standard only under clearly demonstrated civeum-
atances
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i8 to be inferred from the standerd. The standard
is to be interpreced as specifying only the minimum
requirements of the langusge. Thus a standard-con-
forming procassor for the language must be able to
handle all standard-conforming Programs eccording
to the rules of the standard. It may, in addition,
however, have extensions for features such as bit
manipulation or arré~ processing that are not
specified in the language. It is then the decision
of the user whether or not to conform to the
standard when wricting a program. Of course,
standard-conforming progvems ususlly will be
portable to all machines supporting a standard-
conforming compiler; non-standard programs may

not be as portable.

Thia section contains a list and description
of the new features of Full FORTRAN which affect
most aignificantly the introdvctory course just
dea:ribed. Those features discugsed that have not

- been included in the subae: are so designated.
Uaers of systems not supporting the full language
should make adjustments as appropriate in the
curriculum chenges suggested in the last section
of the paper.

The relevant features of Full FORTRAN are
ligted 4in Table ! and summarized in the remsinder
of this gection. The materisl presented is iIn no
way intended as 3 complete deacription of these
features; In fact, it barely scratches the surface.
Additicnal examples and detail way be found in the
Brainerd paper and in FORTRAN 77 introductory
programaing texts (see [DH 78], and MM 79]).

TABLE 1
NEV FORTRAN 77 FEATURES MOST RELEVANT
TO INSTRUCTION IN INTRODUCTORY PROGRAMMING

1.
2.

The character datz type

List~directed formatting (not in the
sitbset

The block-IF {if-then-else) deciaion
structure

Generalized form of the DO
Statement

ArTays

Expressions: the FARAMETER Statement
and mixed-mode arithmetic

The SAVE statement.

3.
4,

5.
6.

7.

1~

Ferhaps the most aignificant change in the
standaxrd is the additinn of the character data
type, which now replaces the Hollerich type.
It was the uses of the Hollerith type that made
pany FORTRAN programe difficult te understand, to
check out, and to tramsport’ from one computer to
another having & different esize storage cell.
(Although the Hollerith type ig no lenger in-
cluded in the atandard, it 1s expected that most
major manufscturers will continue to support this
feature in cheir FORTRAN 77 proceagors).

Bome examples of the declarations of character
variables and arrays are:

Q
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CHARACTER*120 BUFFER
CHARACTER CARD (80), ITEM
CHARACTER*10 FNAME, INITLS *1, LNAME

The length of each characrzr varisble and array is
fixed by the declaration statement. In this
example, BUFFER 15 declared as a character string
of length 120, while CARD is taken to be an 80
element array of character strings of length 1.

Character conetants consist of stringe of
characters enclosed in apostrophes. Character
veriables and array elemepts may be given values ia
the same manner as other typed elements in PORTRAN:
through the use of RRAD, assignment, and DATA
statements. For example, the statementa shown
below all have the effect of assigning the string
IVORY JOE to the variable FNAMR, as previously
declared.

READ (FMT«10, UNITwS) FNAME
10 FORMAT (A)

Input Card IVORY JUE
pe \_/’l 1234567890
i

FHAME = 'IVORY' tI0E
FNAME = *1VORY JOE'
DATA FHAME [/ 'IVORY JOE' /

The READ statement illustratea the use of
specifiers for format and unit numbers. Other
:l.nput?out,'put specifiers (for end-of~file, error
conditions, etc.) are alse allowed (see [MO 80]).
The old form

READ (10, 5) FHAME

ia atill permitted with the expected caveat that
the first item listed specifies the unit number and
the second, the format nunmbar. The use of FMT and
UNIT have the added advantage of allowing order-
independent list specifiers in an input/output
atatement.

The use of the A descriptor by itself in a
fotmat is also new to FORTRAM. When the length of
the element to be transmitted is not aspecified in
the format, it is taken from the declared length.

The statement

,
li 1J0E! & 6/
illustrates the use of the character string concate-
nation operation. Substring and string comparison
operaticis are aglso permitted in FORTRAN 77, as
well as intrineic function opurations for determin-
ing string length and for character-to.integer and
integer-to.character conversion. User-defined
character functions sre also permitted in FORTRAN
77. (The PORTRAN 77 Subdet does not support
concantenation, substrings, or character functions).

FNAME = "IVORY'

2-List-Directed Formatting (Mot svailable in the
Shbaet

The new FORTRAN standard permits the yae of a
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statemsnt label, an integer varisble that has been The logical function PRIME shown in Fig. 2 (see
agsigned a 1sbel, & chatactet exptession, or an [BRAI 78} provides a good illustration of the use
astearisk for the designation of & format. Fot and adventages of the block-IF.
example, statesent liats 1), 1i), 1ii) and iv) ate
.llm in PORTRAR 77 aml 'prodl.u:e mﬁﬂtic.l mlm mmm PRI"B
results. INTEGER N, DIVISR
F (N .LE. 1) THEN
1) WRITE (6, 150) *SUM = >, N &2 (N + 1) [ 2 t gné‘. ,;mgg,
150 FORMAT (A, _Iﬁ) ELSE IF (1 .EQ. 2) THEN
11) ASSIGN 150 TO LABEL il e
& ELSE IF (4OD{N, %) .EQ. 0) THEN
WRITE (6, LABFL) 'SUM = ', N * (N+ 1) / 2 pgnm(- .émisga
150 FORMAT (A, 16) FLSE
DO 10 DIVISR = 3, INT(SQRT{REAL{N))), 2
111) CHARACTER FORMN*G IF (MO (N, DIVISR) .EQ. 0) THEN
FORM = ' (A, 1I6) PRIME = .FALSE.
WRITE (6, PORM) "SOM =» ', N % (M + 1) / 2 RETURN
END1F
‘1v) WRITE (6,°(A, 16)' *StM = ", N * (N +1) / 2 10 CONTINUE
PR = .Ile.
An astetisk 1s used to specify list-directed m“m
formatting, as determinad by the 1nput7output RETURN
list, the ptocessor, and the form of the data. For END

input, the type of each data item la determined by
the FORTRAN system (rather than a user format

description). Additional informition, such as the Fig. 2: An Illustration of the Block-If Structure

position of the decimal point in a real nunber is

also determined in thie manner. Data items may This functlon shows the use of the Block-IF

be separated from one another ueing blanks or in impIementing a declsion structure with four

commas. alternatives, and a dacision structure having one
Given the card alternative (inside loop 10). A two-alternative

Block-If may be implemented in the form
F219-40-06??' 'LITTLE LOOT' 80 1.35
The statements

REAL RATE IF (condition) THEM
CHARACTER SSNO%11, NAMEA24 -
INTECER HOURS = | 1f condition 1s true statement
READ*, SSNO, NAME, HOURS, RATE sequence executed
would produce the following results ELSE
S8NO [HOURS | [ RATE '5} if condition is false statement
Guly | [LTTTLE AT 1.35 sequence executed
' ENDIF
As showm, character etrings read via liet-directed -
formatting must be enclosed In apostrophes; the
four data itemsé shown In the card are sepa;:ated :'-mg%%:h:vi::ﬁ_‘;;%: m: lmmeezt;he r
from one another by one or mote blanks. eral DOPIOOP £ al::ur a :gvidedsi; FORTRAN ';; b
In list-directed output, the widths of the Ly TRAN 77 b :
fields used to print the listed elements are o forn of the FORTRAN 7700 loop  header state-
ment is:
determined by the type of the elemént and the -
processor. The width of each character string to D0 sn loopvar = expl, expZ, exp3
be printed mif detergined by the declared length whete .
of the string. Howevar, real and integer ‘data
are printed in fixed-wiéth flelde regardless of mitiai) “'L’. .;.xpz, dan: exp3 reprerent :he
the magnitude of the value to be printed; the res ect;.vtim al, and step value expresslons
field widths ate pre~determined by the processor P 11) eeipl, exp2, and exp3 may be any integer,
and are normally mot alterable by the programmer. real, or double precieicn expression having positive

- negative, or (except for expd) zero values (the use
3-The Block I:_ﬁciaion Structure of uprﬁssions is not permitted in the Subset)

The bloc structure will considerably 111) Loopvar may be any integer, resl, or
reduce the reliance upon the GOTO and the label double precision varisble
in FORTRAN ptogramming. This structure, with . iv) an optimal comma is permitted after the
appropriste code indentation, can greatly enhance terminal statement label, en
the readibility of programs written in FORTRAN 77. '
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The number of times & DO loop 18 executed
is called the trip count. The trip count specified
by the previously described loop header is computed

an
MAX(INT(v2-vl + vy3)/v3),0)

wheve vl, v2, and v3 are the values of the expres-
aslons expl, exp?, and exp3 respectively, and INT
truncates the result of the expression argument
if it is not an integer value. The following
relationships must held between v,1, v,2 and v3:

vl < v2 and vi> 0

or
vi>vZand vi< 0

If the value of the trip count 1s not positive, the
loop will not execute at all. It le important to
note that this is contrary to the convention
adopted by many Processors based upon the previous
standard: that loopa were executed et least once
regsrdless of the values of the loop parsmeters.
The previous atandard did not specify what was to
be done for loops written with an initial value
exceading the terminal vwalue at loop entry. The
change will not effect the execution of pPrograme
that were written in accordance with the previous
standazd, “ut it may affect those that were
written in violation of the standard.

S-Arrays

The Full FORTRAN language defined in the
standard provides three major changes from the
previcus standard:

1)} arrays may-have up to seven dimensions
i1) the specification of a lower subscript
bound is allowed
1#1)} aubscripte in an array reference may be
any Integer expression (eee aleo, section 6.

Items 1) and i1) above, are not permitted in
the Subsat.

The specification of the lower subscript
bound le indicated through the use of a colon, ans
in

REAL X (=3:9%)

which defines a nine-element array X with elements
X{-~3), X(=2)...%X(0)...X(3). If the lower bound
ie omitted, it 19 agaumed to bs one.

6-Rxoveesione: The PARAMFISE Statement and Mixed

Mode Aritheatic
ere are several places in the new FORIBAN

in vhich expreesions sre permitted whare only
constants, veriables, or vestricted forms of ex-
praseions were previcusly ellowed. For exsmple,
expressions are now allowed in cutput statements
(sea 1. belcw), a8 subscripts (11), s aerray
dimension bounds (i1}, and es indexed-D) pare-
maters (see section 4). Some exlnplu are

1) WRITR {6, 130) 'St = * N2 (R4+ 1)/ 2

ii) INTRGER STZE, I, J, K

PARAMETER (SIZE = 10)

Structured Programming 107

REAL X(251ZB)
DATA (X(1), 1 = 1, SIZE) / SIZEI% /
WRITE (§, *) X(64K=J)

Exsmpls 11) 1llustretes ths use of the PARAMETER
statenent, which ia used to ettach e aymbolic vame
to a progtem constant or pavamater. (The PARAMETER
stastement is not inciuded in the Subset). If the
sysbolic name is not of the dafuvlt implied type,
its typs must be spacified before its eppsarance in
8 PARAMETER stetemant. Bxpressions are parmitted
to the right of the equal eyabol, but they may
contain only constents or Provicusly defined
sysbolic constents.

gyubolic constants may be used in expressions
in the same way sa varisbles. They may, in addi-
tion, be used in specification and DATA stetements
in places vhere only constants had been previously
allowed. Such uses are illustreted in lines 3 and
4 of Example ii), where the sysbolic constant SIZE
is used vhare only constants ware previously
allowed.

Exampls i1} slso 1llustrates the usz of the
inplied-DO in e DATA statement (not allowed in the
Subsat) and the generalizetion of the forw of sub~
scripts alicwed dn PORTRAN 77. Any integer ex-
prassion may be ysed to specify « subscript,
provided the value is within the bounds specified
for the corresponding dimension in the arrsy
declaretion. (The oYl standavd limited subscript
specification to axpressions of the form

c,*v4C,

vhare cl, (:2 were integer constants, and V wea an

integer variadle).

With regard to the formation of expressions,
the major differance betwean the 1966 standard and
the new FORTRAN is the inclueion of aived-mode
arithmatic. Integer, rsal, douvbls precision, and
complex operands may eppesr in arithmetic expres-
sions except thet double pracision and cowplex
opsrands way not sppesr in the ssse sxpression.

Tha typs of an expression is dstersined by
exmuining oparand-opevator-operand triples--tha
typs of the rasult of sach triple is determined by
the type of the two operands inwolved. Por ax-
ql., if K, I, and J ste integers, md I.,. J=2,
then the result of tha!mlution of the stetemnt

K-235+10

is 4, sa dstermined sa followe:

1) divide 1/3; since 15 and J=2 arve both
intsgars, tha result of this division is an
“t““, 2.

11) add the rsal value 2.5 and the integer
2} sincs 2.5 1s real, the rTesult of the division
is first econvartad to real prior to sddition which
then yialds « result of 4.5,

i11) ths real result 4.5 is sssigned for the
integer variable K, resulting in the actual sseign-
meat of the truncated value 4.
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7-The SAVE Statement

Contrary to what a nymber of FORTRAN usere have
become accustomed to, there ia no requirement in
either the 1966 standerd or the new standard to
retain the vatves of local variables in subprograms
from one execution to the next. Programe written
under the agsumption that local variables were
saved were non~standard and would not executa
correctly on all proccssora.

While saving the value of local variables in
subprograms used to be rather cusbérsome, the
FORTRAN 77 SAVE atatemeat can be ueed to simplify
this process. For exsmple, a small subprogram to
increment a counter and check for overflow might
appear as follows:

SUBROUTINE BUMPIT

THTIGRR MAXVAL

PARAHETER (MAXVAL = 100)

INTEGER COUNT

DATA COUNT /o/

3AVE COUNT .

COUNT = COUNT + 1

IF (COUNT .GE. MAXVAL) THEN
PRINT#, °COUNTER EXCEEDS MAX VALUE OF ', MANVAL
PRINT#, *COUNTER RESET 70 1.'
COUNT = 1
RETUKN

ENDIF

RETURN

END

The SAVE statement cavses the value of COUNT to be
8aved between calls to the subprogram BUMPIT.

IMPACT OF NEW FEATURES UPON INSTRUCTION

Only a few of the new features found in
FORTRAN 77 have been described in the previcus
section. As indicated, the list 1s restricted to
those festurea which are felt to have the greatest
impact upon instruction ir introductory programming
courses using FORTRAN. Yet of the features dis-
cussed, only three, the character data type, the
Block-IF structure, and list-directed formatting
have substantially contributed to major changes in
the structyre and content of the course. Of the
remaining features, the generalized DO loop
(introduced in week 8), implied-DO in a DATA
gtatement (weeks 6-7), additional flexibility in
the use of expressions (spread throughout the
course}, and the additional array features (week B)
are creatures of increased convenlence having only
a minor impact upon the course. The SAVE atate-
ment (weeks 5-10) 1s a feature that Bhould be
vnderatood by sll studenta working with subprograms,
but it has no other impact upon the course.

The PARAMETER etatement (introduced in week 4)
provides a vehicle for discussing the notion of a
program parameter (as oppowed to an in~line con-
stant}. This etetement provides a convenient means
for a programmer to attach a nsms to a constant
value (programmer parameter) that has-special pro-
gram significance. A value representing the maxi-
num size of an array 1s one‘example of a program
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parameter. Other examples are 1llustrated in the
sample program shown at the end of the paper.

In the view of thiz author, mixed-mode
arithmetic offersz no &dvantage to the student in an
introductory course. On the contrary, the use of
mixed-mode expressions requires additional care and
a more sophisticated understanding of expression
evaluation than is desirable or even necessary
at this level. The automatic type com—
version required by the mixed-mode expression
provides very little programming convenlence and
hae the added disadvantage of being hidden from the
user. The uvse of the type conversion functions
such as INT (real-to-integer with truncatien), AINT
(real-to-nearest integer), and REAL (integer-to-
real) in avolding mixed-mode. aritimetic should be
encouraged. .

It is perhaps not too surprising that the
cheracter data type, Block-1F, and list-directed
formatting have had the most influence upon the
course. For, as an analysis of the course struc-
ture outline indicages, the major emphasis in the
course 1s upon problem solving, rather than the
details of the FORTRAN language. These three fea-
tures make It even easler to concentrate on
problem~-solving techniques and algerithm develop-
uent, with less emphasis upon the language
implementation considerations. Yet each contrib-
utes to this effort in a different way.

The character data type makes it possible to .
introduce the coicept of a character string, and
the reading, printing, and comparison of strings
at a very early stage of the course., For eXxample,
character atring constants are used in list-
directed output atatementa as early as week 1, in
order to provide deacriptive labels or headers for
the values printed by the firast program run by
a student. By week 4, the student is reading and
printing character strings using list-directed
formatting and simple character string comparison.
During week 4, data types are discussed in detall,
and a more formel presentation of the cheracter
type 1s given. Finally, by weeks 12 and 13,
students are writing programs requiring the use of
some simple but fundamental strimg operations guch
as aubstring extraction, comparison, insertion,
deletion, and replacement. Moat important, all
work 1s now done in a totally machine-independent
fashion, without the previous requirement of having
to store data of one type (character) in a wmemory
cell of a different type (real or imteger). This
latter feature has the added advantage of providing
additional compile-time checking for data type and
operator conslatency.

The Block-1F structure eliminates most of the
nieed for GOTOs and labels in the implementation of
algorithms in FORTRAN 77. The only remaining GOTO
needs now can easily be restricted to implementa-
tion of the WHILE loop structure and loop exit and
next iteration stepa. The Block-IF makes it
posaible for inatructors and students to concen-
trate on the specification of declsion steps in
terms of the tasks to bé accomplished and the
condition(s) of selection, without concern for the
detaile of using labela and GOTOs. The resulting
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implementation is not only easier t» write, but alse
easler to understand and far less subject to exror.
Thise point it perhaps best Lllustrated via one
possible rewrite using GOTOs and labels of the
executable portion of the function PRIME (see Fig.

3)-
IF (8 .CT. 1) GO 10 1
PRIME = ,PALSE,
RETURN

1 IF (N .NE, 2) GO 1O 2
PRIME

RETURN
2 IF (MOD(K, 2) ,NE, 0) GO 70 3
PRIME = PALSE.
RETURN
3 MAX = IFIX(SQRT(FLOAT(N)))
DO 10 DIVISE = 3, MAX, 2
IF (MOD{N, DIVISR) .NE., 0) G0 TO 10
PRIME = ,PALSE.
RETURN
10 CONTINUE
FRIME = .TRUE.
RETURN

Pig.3: The Function PRIME Without the Block-IF

Even with indentation, the logical structure
of this code is obfuscated considerably because of
the GOTOS and labels.

The single and double alternative £forms of
the block-IF sre introduced during week 3 of the
course, and the general form 1s presented during
week 8. By this time, howevar, students have been
doing coneiderable programming, using the GOTO
only for the implementation of the WHILE loop
structure, (BEven this use could have been avoided
had the PORTRAN 77 atanderd contained a WHILE-1ike
loop structure in which the repetition condition
could be specified in the structura header).

Another advantage of the block-IF la increased
ainilarity in the structure of student programs.
Students (and Instructors, too) are now better able
to understand the Programs of others and to assist
in checking out and correcting progrmma that fall,

Finally, there is the matter of list~directed
formatting, List-directed formatting allows the
instructor to delay considerably any discusaion of
one of the most detailed, unplessant featuras of
the PORTRAN language -- formata. While it is true
that formats are an lmportent feature of the
FORTRAN language, and should not he overlooked, ths
otudy of formats contributes little to atudent
mastery of the fundamentals of choosing data
atructyreo ond designing and implementing
algoritims. It is for this reason that formate
have been delayed until week 1l of tha course,
after the presentation of subroytinea and functions
is complete, It is indeed a shame that the liat-
directead formatting feature i not included in the
Bubset, It ia hoped that most Subset implementore
will view it as top prierity for aupport in their
processors,

In tha course, list~directed formatting is
introducad in the first program given to atudents
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to prepare and submit for computer entty. The
capabilities of the list-directed feature are then
slowly expanded informally throughout weeks 2
threugh 4 until finally, in week 5, it is
formally described,and a brief overview of how it
works le presented, Exclusive use of list-
diracted formatting in all problems studied and
assigned 1s then continued until week 11.

CONCLUDING COMMENTS

Of all the new features of PORTRAN 77, 1liet-
directed formatting provides the greatest added
convenlence to instructors of introductory
programming coursea (be they in FORTRAN, RASIC,
PASCAL, or muy other langusge). The block-IF and
character features are not far behind in this
respect, But list-directed formatting allows
students to begin to do input and output
immediately, and to continue to do even slightly
sophisticated input/output threughout the first
ten weeks of the course (including the study of
subprograms) without the added complication
introduced through the use of formats.

The following program (Fig. 4) illustrates
the use of list-directed formatting, the character
data type, the block-1P étructure, and the
PARAMETER statement, Arraya are used in the pro-
gram only for illustration, not because they are
required, The program was run op 2 Control Data
Corporation Cyber 174 using the Universicy of
Minnesota FORTRAM compiler, M77., Por the example
input entries show below

6
’big Bivd' 5
"Mickey Mouse' 2
'Rermit T, Prog' 6
‘Ace Bandsge' 95
‘Cammina Burana' 7
*Misa Piggy' 9
the generatad program outrut is:

NUMBER OF EXAM SCORES IS 6
HAMR

SCORE RATING
G BIRD 5 SATISPACTORY
MICKEY MOUSE 2 UNSATISPACTORY
KERMIT T. YROG 6 SATISFACTORY
ACE BAKDAGE 95 *hk THVALID SCORE **
CARMINA BURANA 7 SATISPACTORY
MISS PIGGY 9  OQUTSTANDING

THE NUMBER OF QUESTANDING SCORES 1S |
THE NIMBER OF SATISPACTORY SCORES IS 3
THE WUMBER OF UNSATISPACTORY SCORES IS 1

THE NMBER OF INVALID SCORES 185 1

LARST 782 MM Natioml Standard Programmsing
FORTRAN, American National

Sundudc Institute, New York, 1978,
{BRAT 781 Brainard, Walter §. et. el.,
;g". CACK (21, 10), October 1978, pp.
6-20,




E

O

RIC

Aruitoxt provided by Eic:

110 NECC 1980

FROGRAM TO PROCESS A SET OF EXAM SCORES RANGING BETWEEN O AND 10
AND CLASSIFY ACCORDING TO OUTSTANDING (8-10), SATISPACTORY (4-7),
OR POOR (0~3). COMFUTE AND ERINT FREQUENGY COUNYS.

FRAMK L. FRIEDMAN 12-9-79

aaoahan

INTEGER MINOUT, MINSAT, MINSCR, MAXSCR

PARAMETER (MINOUT = 8, MINSAT = 4, MINSCR = 0, MAXSCR = 10)
INTEGER MAXCNT

PARAMETER (MAXCNT = 100)

CHARACTER*24 NAME (MAXCHT)

INTEGER SCORE (MAXCNT), N, II, I

CHARACTER*20 RATING

INTEGER QUTHR, SATNR, UNSNR, ERRCNT

G READ AND VALIDATE N
READ*, N
IF (N .6T. 0 ,AND, N .LE.*MAYCNT)} THEW
PRINT*, "NUMBER OF EXAM SCORES IS ', N
ELSE

PRINT*, 'NUMBER OF EXAM SCORES IS W0T VALID, MAX IS ', MAXCNT

PRINT*, 'PROGRAM TERMIMATED.'
STOR
ENDIF

c READ DATA
D020 II=41, N

READ®, NAME(II), SCORE (II)

- 20 CONTINUE

PRINT*, ' *
. PRINT*, NAME SCORE RATING'

c
C PROCESS BACH RECORD. DETERMINE AND FRINT RATING ALONG WITH
C WNAME AND SCORE. INCREMENT APPROPRIATE COUNTER,

QUINR = Q0 ___ - .

SATNR = 0

UNSHR = O

ERRCNT = 0

DO Iml, N

IF (SCORE(I) .LT. MINSCR .OR. SCORE (I) .GT. MAXSCR) THEN
RATING = '#&k THVALID SCORE **#'
ERRCNT = ERRCNT + 1
ELSE IP (SCORE (I) .GE. MINOUT) THEN
RATING  'OUTSTANDING'
QUTNR = QUTHR +1
ELSE IF {SCORE (I) .GE. MINSAT) THEN
RATING = 'SATISPACTORY'
SATNR = SATHR + 1
- ELSE
RATING = 'UNSATISFACTORY'
UNSHR = UNSNR + 1
EXDIP
PRINT*, NAME(I), SCORE (I), ' ', RATING
40 CONTINUE
C TRINT cQuUNTS
PRINT*,
PRINT*,
PRINT#,
PRINT*,
PRINT*,
PRINT*,

sTop
END

THE NUMBER OF QUTSTANDING SCORES IS ", OUTINR
THE NUMBER OF SATISPACTORY SCORES IS ', SATNR
}'RB NUMBER OF UNSATISPACTORY SCORES IS ', UNSNR

THE NUMBER OF INVALID SCORES IS ', ERRCNT

Pig. 4: Sanple PORTRAN 77 Program
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Restor, 1979.

Davis, Gordon B., and Thomas R. Hoffman,

FORTRAN: A Strugtyred, Dlaciplined
Style, McGraw-Hill, 1978.

Friedman, Frauk L. and Elliot B. Koffman,

Probles Solving and Structyre! Progrgmm-
ing in FORTRAN, Addison-Wesley, 1977.

Friedman, Frank L. and Elliot B, Koffman,
"Teaching Problem Solving and Structured
Programning in FORTRAN," Computers and
Educatfon (2, 3), Pergamon Press,
January 1978, pp. 23545,

Hame, J.N.P., and R.C. Bolt, Programsing
FORTRAN 77: A Structured Approach,

Meissners Ioren P. and Elliot I. Organick,

FORTRAN 77 Yeaturing Strycture Programaing,
Addison~Wesley, 1980,
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USING MODEL-BASED
INSTRUCTION TO TEACH

- - PASCAL

Bogdan ¢zejdo

Warsaw Technical Univ.
Brigham Young uUniv.

I. INTRODUCTION

In"this paper we introduce the concept
of model-based instruction, first defining
"model® and then presenting 2 simplified
view of the modeling process. A way of
classifying models is presented, and a
process for preparing a set of complemen—
tary models for use in model-based instruc-
tion along with the characteristics of
this type of instruction. The paper then
concludes with the application of model-
based inatruction to computer-assisted
instruction. -

II. THE ROLE OF MODELS IN TEACHING
A mo s define n wWebater's Nic-
tionary i’ to be a*:

1, copy, image

2. pattern of something to be mad.

3. archetype

4. description or analogy used to
help visualize something that
cannot be directly visualized

5. system of postulates, data, and
inferences presented as a ssthe-
matical description of an entity
or state of affairs

For the purposes of this paper, a model
is defined to be any diagram, table, pic-
ture, or figure which helps the student
to understand and remember a concept or
perform an action which is a part of a
set of teaching objectives. As ghown by
research in a variety of teaching areas.(z’
models play a very important role in the
learning process.

A simplified view of the modeling process
in learning is represented in Figure 1.

* We have chosen a subset of meaning
which corresponds with the meaning
of model in our paper.

~yatbal Provided by
~Tentusl ~Tentbook
=Toscher

Figure §. e Creaticn ol Nodels

The internal models students created in
their own minds allow them to understand
and remember concepts and perform pre-
scribed actions. The students may create
these models on their own (transformation
I;) based on descriptions provided in toxt*
hooks and lectures. Alternatively, the
internal models used by the student may be
based on external models (transformation I3)
already created by the textbook author or
lecturer (transformation 1,}.

The creation and use of internal models
is a complex psychological process which
will be mentioned only briefly here. It
should be recognized that the creation of
models by the student is a difficult and
time-consuming task. During lecture, thers .
is usually insufficient time for the student
to formulate suitable models on his own.

The fuzzy and incomplete models that may
come to mind are soon forgotten because they
are not strongly impressed on him through
reinforcement by the teacher or by his own
performance.

Indeed, transformation I; is difficult
for the student for a varie%y of reasons.
The student may be untrained in the crea-
tion of models or have a weak imagination.
Because of an incomplete understanding of
the full subject, the models he creates
may turn out to be unsuitable. Unlearning
an initial model and relearning a more
ad»~guate model may be very difficult.,
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For all of these reasons, it is important
for the teacher, and in particular the com-
puter science teacher, to pay careful atten-
tion to the subject of models and to provide
the student with useful external models.

{In the rest of this paper, the term model"

.will refer. to external model.)

I11I. TYPES OF MCDELS

A wide variety of models have been
examined and evaluated for potential use
in teaching PASCAL programming. These
models have been drawn from several text~
books (3,5) and have also been created by
the authors of this paper. What constitutes
the model and the object to be modeled
depends on the point of view of teacher and
student. A computer program, for example,
ia often a model of some real-world activity
or process, However, in the context of this
paper, the computer program will be considered
to be the object to be modeled.

one of the best ways to classify models
is by their structure. Six basic structures
have been identified:

graphic
array
mathamatical
text
compound
parallel

Most of the models we use are graphic
structures, four of which are levefs, trees

erarc es), networks, and domains. Levels
and tree structiires can be described using
the example of an interactive language. On
the microcomputer systems used by the authors
in their introductory PASCAIL course, there is
an interactive command language which is inter-
preted by a system monitor or operating system.
Each user starts at the command level. By
typing an “E", the user can go to the edit
leval. To return to the command level from
the edit level, the user can type a "QuU"
sequence. Figure 2 shows simple level struc-

ture.
|E' IQU

Simple Level Structure

Command level

Edit level

Figure 2.

Levals are represented by horizontal lines.
The transitions are represented by labeled
vertical lines. Figure 3 shows a simple
tree structure.

RIC
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Figure 3. Simple Tree Structure

Each circle represents being in a parti-
cular state {at a particular level in this
case).

It should now be obvious how one can com~
bine elementary submodels into a more com-
plex structure. In Figures 4 and 5, a
more complete model of an interactive lan-
guage is drawn using the level and tree

structures of Figures 2 and 3.
,ou
l} T;etx>

Level Structure

Command level

E
Edit level —-L

Insert level

Figure 4.

Tree Structure

Figure 5.

The raot or first level is drawn at the
top of the figure but, of course, the
reverse option is also possible. In the

12
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tree model, oach etate has at most one
*carent* state making it a strictly hier-
archicel structure. If this restriction is
telaxed, a network structure results. An
exanple of @ network structure is tha syn-
tax diagram in Plgure 6 for a BEGIN-END

Tobloeks O

END )—)

Pigure 6.
Syntax Diagram for BEGIN-END Block

Another sXample of network etructure is
the model of the TERAK computer shown in
Pigure 7. .

CPU Disk Memory

Monitor -
layhoardl > )
U TY
Figure 7.

Model of Plow of Information in
Minicomputer TERAK

The, tres and network structures consist
of nodese (etates) connected with directed
lines. The final graphic structure to be
diecussed in this paper, the domain, con-
sists of e set of ‘areas which either over-
lap or are disjoint. Figure 8 illustrates
o eimple sxample of a domain structure that
i# e model for teeching the Boolean opera~
tions OR, HOT, and AND.

A AMDB
P g N

Pigure 8.

Domain Structure Model
for Teaching Boolean Operations

Theré are, of course, a wide varlety of
other graphic structures that might be
useful in other fields of learning.

A second type of structure 1s the array
structure. A simple one-dimensional array
is often called a list, a two-dimensional
array 18 a matrix. Array structures find-
their greatest utility in modeling computer
memories {(core, disk, etc.) and in repre-
senting data. See Figure 9 for an example
of an array structure which describes the
name, type, and value of PASCAL variables.

PASCAL Variables

Name Type Jalue

count integer 43

surname string Jones

pt real 3.14

alpha character G

condition boolean true
Figure 9.

Name/Type/Value Model

Mathematical structures constitute a
thitd type of medel structure consisting of
a string of symbols (letters, nhumberes,
mathematical operators, etc.). Figure 10
illustrates one type of mathematical struc-
ture, the Backus Normal Form model. It is
an alternative model for the same BEGIN-ERD
block as described by Figwre 6, but with a
more mathematical flavor.

«block®: 1=BEGIN <multi-stat> END

<multi-stat>:i=<gtatement> | <multi-stats;
<statement>

Figure 10.
Backus Normal Form for BEGIN-END Block

For completeness, we add a fourth type,
the textual structure, which is nothing but
text In. natural language. An article,
letter, or book all contain such structures.
We introduce this type of model here, not
because we want to study books as textual
gtructures, but hecause we want to allow
textual structures as small componente of
larger models.

Having introduced various types of
structures, we are now in a position to
describe compound structures. A compound
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structure is one that is composed of saveral
types of substructures For example, it is
possible to combine two types of model strue~
tures {array and graphiec) into one compound
model as shown in Pigure 11.

&) - PROGRAN NODEL: - b} x wtecek
VAR L1 ETRINGF ] ATRING
Ry IRTECERS
ML (s INTEGEN); ] INTEGER & smncl
M1 (N7 IMTEGER}:
. N INTECER
PROCEDURE W28 BTRINC):
) o} x INTEGER
5 STRING
. 'J/ \\u
el sprecen] | (o] strina] |
X

Figars 33,

Combiaing Azeay gtrugturs (B} end Grephlcel Btxucture
te} Into Compound Model {di.

The last, and probably the most signifi-
cant, model structure to be described here
ig the rallel structure. A parallel
structure 18 similar to the compound Struc-
turs in that it consists of a collection of
several more elementary models. However, &
parallel structure differs €rom the com-
pound structure, as the sub-models within
the parallel! structure remair distinet and
physically separate, related only in that
they represent complementary aspects or
features of the same real-world cbject.

The advantage of several parallel models
over one compound model lies in the gim-~
Plicity that can be retained in each com-
plementary sub-model while at the same time
representing all the necessary features of
the system. .

Por example, the models in both Figures
5 and 7 represent certain features of the
TERAK microcomputer. FPigure 5 illustrates
the steps necessary to have the computer
pexform certain actions, while Pigure 7
shows the flow of information within the
aystem. Thus, these two models form a
parallel structure. aAnother example of
parallel structure is shown in Figures
6 and 11, Pigure & depicts the syntax
of the PASCAL language (in a sense, the
steps or actiong in programmning) while

Structured Programming 115

PASCAL program. Thus, a parallel structure
consisting of one model to represent the
information flow and another to represent
the human performance (operator actions)
seems especially appropriate and of general
applicability.

IV. EVOLVING PARALLEL STRUCTURES

Effective téaching of a complex model or
of a set of parallel models involves a
series of steps woOn lessons. The models
upon which these lessons are based must be
carefully selected and designed s8¢ that the
student's understanding grows in a smooth
and orderly way. This process suggests a
Lamily of closely inter-related models
culminating in the final parallel structure
which has been selected to represent the
s¥ystem under study. The model chosen for
a particular miero-lesson may be related
t0 the models used in previous micro-
lessons by:

{1} incorporating some new feature or

component into a previous model.

{2} synthesis of several previcus models

into a new model.

{3) providing a more exact description

of some part of a previous model.

As an example of this process, consider
the model of a TERAK computer in Figure 7.
One ecan inkroduce the concept of a work
file by expanding this model as shown in
Figure 12.

CPU Disk Memory
|Mon1tor k file ABC
hY LY é LY
Keyboar 1> rd workfile
Figure 12. TERAK Information Flow

Another example of model evolution can
be seen from a comparison of Figures 5 and
13. Here again a new feature is added to
the model to create a more extensive model.

—w-- Pigure 11 represents the computer memory
(itnformation flow) associated with a
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Figure 13. Tree Structure

It should be noted that the models of
Figures 5, 13, 7, and 12 are inter~-related
and constitute an evolving parallel struc-
ture. Figure 14 depicts such a structure
where M} and M)' represent the models of
Figureg S and iB and My and My' correspond
to Figures 7 and 12. Each connecting
line (R;) represents the relationship
between two models or the relationship of
a model to reality.

Microteaching !
Unit 1 |

Microteaching
Unit 2

!
I
!
I
|
|

Figure 14.
Evolving Parallel Structure

V. TEACHING OBJECTIVES IN MODEL-BASED

INSTRUCTION
once an evolving parallel structure of

models has been designed, it becomes fairly
straightforwaid to define the teaching
objectives. The objectives can be des-
cribed in terms of the models, the rela-
tionships between the models, and rela-
tionghips of the models to reality.

The purpose of each micro-teaching unit
would be to solve a practical problem in
some particular area., The process of pro-
blem aolving using models is shown in
Figure 15.

3\ Model 2
4 5 Model 1

Reality

Figure 1. Problem Solving Using Models

The problem-sclving process illustrated
in Figure 15 consists of 6 basic points:

1. PR-Practical problem to be solved
+ MBSy~ specified model M

+ MS;~ specified model M;

. PP=Practical performance

By specification, we mean the process of
applying the model to a specific situation
by selecting one state or path of the model.

The choice of teaching objective for
each micro-teaching unit can now be speci-
fied by the triplet of transformations:

Tl' Tz, T3

hoin s W N

where each T iz defined as follows:

T, (PR, #})

M
MS,

M M
usy = T, (M3, M})

M
PP T3(M81)

These transformations represent:

Tl - The transformation of the Model
Hﬁ for a given practical problem,
P *

T2 - ‘the transformation of the model
M; for a given specified model,
20
T3 - Practical performance for the
specified model MSj.

Models enable us to describe teaching
objectives more precisely, which is, of
course, a very important condition for the
success of teaching. Another advantage of
this way of designing teaching objectives
is connected with the analysis of problem
golving, as one can concentrate on under-
standing and performance more than remem-
bering.

V1. MODEL-BASED INSTRUCTION

Having prepared specific teaching ob-
jectives, we are in a position to design
the micro-teaching lessons in detail. Two
phases .re involved: .first We teach the

12y
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models and the relationship (the generali-
zation processes), and second we teach how
to apply them {(the specification processes).
An example of this process is shown in

Figure 16.
7&“\ 1/1 12 \
g 10
Figure 16.

piagram of First Phase
of Microteaching Lesson

A description of the steps in Figure 16
is as follows:

1. General description of a device
{(TERAK computer).

2., Introducing the basic elements of the
Model, M;, and relations (Keyboard,
Monitor, CPU, and disk drive).

3. Basic elements of the model, M%O(modesh

4. Description of the first task
performed (transfer from keyboard to
CPU).

Generalization of the model, ¢« 80
that it represents task 1 (addzng in-
-formation flow from keyboard to CPU).
Generalization of the model, M, so
that it repregsents performance con-
nected with task 1 (adding actions E
and I).

Repetition of steps 4=-% but for task

5=6.

1-8.

g=-15.

Thus, the first phase is the process of
generalization of a model. It includes the
introduction of new aspects to the model
relited to each elementary task., The second
rhase ig the process of specification and is
based on model specification asg shown in
Pigure 15. Again, we repeat this phase
several times with increaging student activ-
ity until students can solve any problem in
this area.

How we are ready to describe the basic
characteristics of model-~based instruction:

l. Parallel structures

2. An evolving sequence of models

3. Teaching objectives which are based
en the evolving parallel structure

4. A method of teaching based on moving-
from a practical gituation to a model

and then back to practical performance.

Q
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In various practical situations, it may
be appropriate to relax one or more of the
above requirements for model-based instruc-
tion. In addition, the diagram of teaching
{Figures 15 and 16} can be modified depending
on the atudent’s role in the creation and
use of the model., When the model is an
algorithmic description of a process of
performance, then the process of specifi-
cation of the model is impossible, and we
have algorithm-based instruction rather
than model-based inatruction.

Some models require that certain para-
meters be supplied by the user to complete
the model., If this is the case, then the
transformations 2-3 and 4-5 of Figure 15
will consist of a series of steps instead
of just one step.

Other models require some work to con-
struct using simpler models. If the pro-~
cess of construction is given by some algo-
rithmic rules, then the diagram of teaching
will not be substantially changed. However,
if the creation of one model is described
in terms of other models, then in the pro-
cess of problem solving we will have two
rhases in place of one. The first will be
connected with model construction for the
practical situation, and the second will
be connected with applying this model to
gome practical action.

VII. THE APPLICATION OF MODEL~BASED
INSTRUCTION 10 COMPUTER-ASSISTED
INSTRUCTION

On the basis of the principles of model-
based instruction, a CAI facility has been
implemented which teaches the PASCAL lan-
guage on the TERAK computer. Plans are
underway to also implement this facility on
the TICCIT system.

It appears that MBI is a very useful
method in CAI because:

l, Computer graphics provide an effec-
tive way of displaying models and
their transformations. Model-based
languages are much easier to imple-
ment than natural languages,

2, The strict definition of teaching
cbjectives makes it very convenient
to evaluate user responses. This is
very important in tracing each step
in the process of problem solving.

Three types of conversation blocks have
been designed as shown in Figures 17-19.

+ N
I
P f
¢
Figure 17. Simple Conversation Block
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Figure 17 shows a simple conversation block.
It consists ofs

=+ the problem to be solved
+ correction block

+ right answer

+ wrong answer

1+0m

Teaching Converastion Plock

Figure 13,

In Figure 18, several gimple conversation
blockg are combined into a teaching sequence.
In each simple conversation block: one of
the transformations, ty, t;, t3, performed
by the student, is evaluated.

~
w

FiSurs 1% Evaluation Converastion mlock

Figure 19, in comparison with Figure 18,
shows the process of evaluating two students’
solution to a problem. The students' possible
responses are représgented by Ay, Ap, Az, and
Ag. A im the correct answer. Ap is the
wrong answer, but the answer is covered by
the rules of model Mj. A3 is the wrong
answer not covered by the rules of My. Ay
is the exit path followed when a Wrong answer
is repeated. There are as usual correction
blocks, Cy, C3, and C4, which differ depend-
ing on the response of the user.

The conversation blocks described above
are, ether with the information blocks,
the basic elements of a CAI micro-lesson.

The diagram in Figure 20 is an example of
thig type of CAI lesson.

-

Plgurs 20, Ditgram of CAT Nicrolsssca

In Figure 20, IB represents an informa-
tion block to be displayed on the monitor.
By is a simple conversation block. By is
a teaching conversation block, and B3 is
an evaluation conversation bleck. It is,
of course, possible to repeat conversation
blocks B3 and B3 until the lesson is
mastered by the student. .
VIII. SUMMARY

In this paper, we described the use of
model~based instruction to teach the
PASCAL language. In the classified set of
models, we found and defined a parallel
structure, We next showed how to transform
this structure into a sequence of evolving
models that constitute an evolving parallel
gtructure, the basig for defining teaching
objectives. The characteristics of model-
based instruction were then described.
Finally, the application of this teaching
methodology to computer-aided instruction
wag shown, using as an example the teaching
of the PASCAL language.
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STRUCTURED MACHINE-LANGUAGE:
AN INTRODUCTION TO BOTH LOW- AND HIGH-LEVEL PROGRAMMING

pavid G. Hannay
Department of Electrical Engineering and Computer Science

Union College, Schenectady, Ny 12308

(S518) 370-6273

INTRODUCTION

students in introductory computer
courses are often frustrated by the un-
familiar processes involved in solving
bewildering algebraic problems, particular-
1y if their background in mathematics is
weak. But these same students can learn
the fundamentals of structured programming
quickly and painlessly by directing the
activities of a simulated robot, R1-Dl.

R1-pPl is an indirect descendent of the
turtle used by the LOGO group at M.I.T. to
introduce elementary school children to the
computer. The immediate reward of seeing
a turtle move acroas the floor or a robot
across the screen makes even non-mathe-
matical students excited about programming.
This pedagogical principle of immediate re-
enforcement is as valid for college students
as it is for young children.

But this visible movement is one of
the least significant of R1-Dl's abilities,
for it has the arithmetic capabilities to
pPerform gimple computations and the logic
capabilities to illustrate the fundamentals
of structured programming.

R1-D]l was also designed for ease of
pProgramming; each command congists of a
single letter or digit. A program con-
sists 0f a free-form string of commands
with virtually none of the syntax rules
involved in the typical programming lang-
uages; hence a student is free to concen-
trate on such programming technigques as
decigsion making and loop control.

This particular robot has been used
successfully in introductory programming
classes by means of a simulator written
in PASCAI,. This simulator traces Rl-Dl's

~-movements and calculations on a comand~-
by-command basis. Once students have
been introduced to programming via the
rcbot, the concepts of programming in a
higher-level language become easier to
explain, and the concepts of computer
organization can be taught from a more

interesting perspective.

CAPABILITIES
El-Dl is a robot that has not outgrown
his training wheels. It can move back and
forth in a straight line and position it-
self over one of ten squares {memory cells)
numbered 0 to 9:
‘ forvard —3

lo T T213false]218]sl
- backward

It can be directed to move to a specific
sqguare or to take a position relative to
the current square, moving forward or
backward one square at a time.

R1l-pPl can also do a limited amount of
arithmetic. Each of the ten cells can
store an integer number. It can also add
or subtract from an on-board accumulator.

Decision making is accomplished by
comparing the contents of the accumulator
with the contents of the current cell then
executing a single command {or group of
commands enclosged in parentheses) based on
the result of that comparison. For example,
you could have the robot execute a command
only if the accumulator was less than the
contents of cell #5,

Finally, R1-Dl can be programmed to re-
peat one command (or a series of conmmands)

a specified number of times. This struc-
ture can be enriched by the use of the
decision~making commands to exit from the
loop prematurely based on certain conditions.
For example, it could add a number to itself
seven times, or until the sum exceeded 1000,
whichever comes first.

Input and output commands d¢ not exist
as such. When the simulator is run, you
specify the initial contents of each of the
ten cells; their contents are displayed
automatically after each command is executed.
However, if you wish to teach about I/0
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instructions as such, reading from and
writing to the cells can be considered as
input and output respectively. Or, while
discussing computer organization, you may
treat these instructions as memory fetch
and store,

SUMMARY OF COMMANDS
Miscellaneous Commands:

unﬂ
LI
H“ﬂ
ll@t‘

Halt.

Temporary Pause, (Allows entry of
immediate mode cowmmands)

Make a Noise.,

enjoyed even by children in elementary
school. {(While in this mode tle last two
groups of instructions, skip and program
control commands, are not allowed., as they.,
by definition, involve multi-character
command sequences.)

In direct mode, a complete command
string is given directly to the simulator
which then begins execution. This allows
the students to use multi-character command
sequences with minimal Kknowledge of the
host Operating system. Students communi-
cate directly with this one program without

Execute commands from an indirect learning %o use a text editor, compiler, or

command file.

Movement Commands:

upll
wpe
U‘oll
"1”
uzll
"3“
u‘u
nsn
”6”
H?i‘
”8!‘
”9"
Data
Hwt‘

"Ru

Move Forward one square.
Move Backward one square.

Move to square 0.
Move to square T,
Move to square 2,

Move to square 3.
Move to square §,
Move square 5.
Move to square B,
Move square 7,
Move square 8§,
Move square 9.

Transfer Commands:
gxite contents of accumulator
into current cell.
Read contents of current cell
into accumlator.

8

§88

Arithmetic Commandas:

U‘Bu
"I"
"Dll
unu

usu
sie

llGu

”II"

Zero out accumulator.
Increment accumulator by 1.
Decrement accumulator by 1.
Add contents of current cell
to accumulator.

Subtract contents of current
cell from accumilator.

Commands s

Execute next command only if
accumulator is Equal to contents
of current cell.

Execute next command only if
accumulator is Greater than
contents of current cell.
Execute neit command only if
accumulator is Less than
nontents of current cell.

Program Control Commands:

"Pﬂ

U‘c”
"xll

MODES OF

Perform a command as many times
as the current value of the
repeat count register,

Load repeat Count register from
the accumulator.

Premature eXit from a perform
loop.

COPERATION

The Rl-Dl can be run in any one of
three different modes: immediate, direct.
or programmad. In immediate mode, com-
mands are executed as soon as the key is
struck on the keyboard. This immediate

feedback

has proved very beneficial in

eliminating some of the students' fear
and hag made the robot understood and

other system programs.

FPinally, as the system text editor is .
introduced, students can edit and save pro-
grams for R1-Dl and modify them as they see
the regults generated. This approach not
only helps in teaching such concepts as de-
bugging by tracing., but algo gives the
students & chance to use a gubset of the
system text editor on a manageable piece
of text since programs are typically only
one line long.

APPLICATION TO VARIED AGE LEVELS

First graders enjoy watching the robot
move back and forth across the screen as
they enter commands in immediate mode.
High schoolers can be shown graphically the
relation of multinlication to addition and
division to sub’ ‘ction as illustrated by
the sample program in the next section.
College freshmen gain a glimpse of both
machine language and PASCAL programming
concepts.

SAMPLE PROGRAM

A program which would take the initial
contents of cells 1 and 2, and put their
sum in cell 3, their product in cell 4,
their quotient in cell 5, and their remain-
der in cell & is given below:

1R2A3NW
1RC22PA4W
Z5SWIRCHWP (6R2LXSEWSRIWI H

This program not only illustrates seversl
important programming concepts such as
loading and storing, looping, decision
making, etc., but also serves to remind
students that multiplication can be per-
formed by successive additions, and that
division can be performed by successive
subtractions.

The first section of the program reads
the value from cell 1, adds the valune in
cell 2, then stores the result in cell 3.

The second section of the program picks
up the first number and loads it into the
repeAt count register. The accumilator is
cleared, then the second number is repeated-
ly added to it. “The product is then stored
in cell 4.

The third section of the program first
clears the quotient to zero and gets up
the dividend as the remainder, Then, each
time through the “P" loop the divigor is
subtracted from the dividend, and the re=
mainder and quotient are updated. As soon
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as the dividend is less than the divisor,
the loop exit is taken and the program
halts.

One of the Mmajor disadvantages of this
type of programming is the obvious lack of
on~line documentation. But since the pro-
grams are so short and simple, this lack
of documentation has not proven teo be a
handicap to students. -

CONCLUSION

Decision making and loop control on
R1-D1 follow the general outlines of the
PASCAL IF..THEW and REPEAT statements
respectively. The equivalent of a GO TO
statement has been purposely omitted,
thereby teaching students the concepts of
gtructured programming from the very be-~
ginning. Parentheses can be used, when
necessary, to treat a group of commands
as a single command, just as BEGIN..END
are used in PASCAL.

Students in introductory computer
courses learn the fundawmentals of struc-
tured programming guickly and painlessly
by directing the activities of the robot.
A few gessions with R1-D1 at the beginning
of the computer science curriculum leave
gtudents both more knowledgeable and more
enthusiastic about programming than they
were in the pre-~robot period.

SIMULATOR PROGRAM LISTING

Structured Programming

PROGRAM R1D1 (INPUT,OUTPUT): { DIRECT EXECUTION VERSION 1}

{ 7THE WELL STRUCTURED ROBOT |}
{ BY:; DAVID G. HANNAY }

VAR
COMMAND
1 CHAR:
ACC,
COUNT,
LEVLCL,
LOC,
PC,
PTR
3 INTEGER:
CELL
3 ARRAY[0..9) OF INTEGER:
PROG
3 PACKED ARRAY[1..80] OF CHA
DOUBLE,
VALID
1 SET OF CHAR:

*
F

ey iy YT — iy gy, by iy e, g, ———

PROCEDURE PERFORM
(FIRST, LAST, TIMES: INTEGER);
PORWARD:

ERIC
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CURRENT COMMAND }

ACCUMULATOR )

REPEAT COUNT REGISTER
DEPTH OF "PERFORM" LOOPS
CURRENT LOCATION OF RID1L |}
PROGRAM COUNTER
TEMPORARY POINTER }

MEMORY CELLS }
PROGRAM STORAGE )

SET OF PREFIX COMMANDS
SET OF VALID COMMANDS

}

}
}
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PROCEDURE VALID_ ASSIGH:
BEGIN
DOUBLE := ['E*,'G*,'L','P'];
VALID = ['H’, 'F','B' ow| iR',
131, 'I','D' 1AL, 18,
1 1 1 1 1 1 L]
IE"'?!’!?!’!C!:'xl]
 ENDs  { OF VALID_ASSIGN } .

PROCEDURE BLANK_SCREEN
(ROW: INTEBER);
BEGIN
GOTOXY (0, ROW) 3
WRITE (CHR (27),'T ")
END; { OF BLANK_SCREEN }

PROCEDURE ERROR
(WHICH: INTEGER);
BEGIN
GOTOXY (0, 22);
CASE WHICH OF

1:
WRITELN { ' ILLEGAI, COMMAND');
2t
WRITELN( 'OUT OF BOUNDS'):
3:
WRITELN( ‘PARENTHESES CHECK')}
END: { OF CASE )
EXIT(PERFORM)
END; { OF ERROR )

PROCEDURE SCAN
(VAR p1, P2: INTEGER;
LIMIT: INTEGER):
VAR P3, P4: INTEGER:
BEGIN
IF PROG{PC] <> * (!
THEMN
BEGIN
PlL :=0; P2 := 10
END
ELSE
BEGIN
PC := PC 4+ 1; Pl := PC;
WHILE PROG[PC] <> *)' DO
BEGIN
IF PROGEPC) = ' (' THEN SCAN (P3, P4, LIMIT).
PC := PC + 1;
IF PC > LIMIT THEN ERROR(3)
END;
P2 1= PC - 1

END
END; { OF SCAN )
PROCEDURE SKIP
(LAST: INTEGER);
VAR 51, S2: INTEGER:
BEGIN
PC := PC + 1: -
IF PROG[PC) IN DOUBLE THEN PC := PC + i}
SCAN (S1, S2, LAST):
IF 51 <> 0 THEN PC 1= 82 + 1
END; { OF SKIP }
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PROCEDURE PERFORM:
VAR
Pl, P2,
RC: INTEGER:
BEGIN .
RC := TIMBS;
WHILE RC >= 1 DO
BEGIN
T T T GOTOXY(50,2); ) T )
WRITE('LEVEL: °’.LEVEL,’ REPEAT COUNT: '.RC);
PC := PIRST;
WHILE PC <= LAST DO
BEGIN -
COMMAND := PROG{PC]:
GOTOXY {0,12);
WRITE(PC,': ',COMMAND,' *):
IF {(COMMAND >= ‘0*) AND {COMMAND <= '9°)
THEN
LOC s= ORD{COMMAND) - ORD{‘0’')
ELSE
IF COMMAND IN VALID THEN
CAE.BE'COMND 1)3

READLN?
JHI s
BEGIN
GOTOXY {0,22);
WRITELN(‘* * * HALT * * *%);
EXIT (PERFORM)
END; o
l?l .
BEGIN
LOC := 20C + 1;
IF LOC > 9 THEN ERROR({2)
END;
QB! s
BEGIN
LOC = LOC - 1;
IF 1OC < 0 THEN ERROR(2)
END;
:wl .
CELL[LOC] := ACC;
'R': -
. ACC 1= CELL{LOC);
120
ACC t= 0;
II’=
ACC 1= ACC + 1;
IDI s
ACC :» ACC = 1;
IAC t
) Las Acc := ace + cELLlLOC]:
S’
- ACC := ACC - CELL[LOC)?
E’:
- IF ACC <> CELL[LOC) THEN SKIP(LAST):
G's
IF ACC <= CELL{LOC] THEN SKIP(LAST):

’Ll .
IF ACC >= CELL[LOC) THEN SKIP(LAST);
[} (l t
BEGIN
SCAN{P1,P2,LAST) ;
PERFORM(P1,P2,1);

Aruitoxt provided by Eic:
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PC := P2 + 1;

END3
l)l:
lcl: f
COUNT := ACC}
tpl:
BEGIN
PC ;= PC + 1;
LEVEL := LEVEL + 1;
ScaN(pl,P2,LAST) ;
IFP2 =20
THEN
BEGIN
Pl := PC; P2 1= PC
PERFORM(P1,P2,COUNT) ;
BPC = P2
END
ELSE
BEGIN
PERFORM(P1,.P2,CO0NT) ;
PC = P2 + 1
ERD;
TEVEL := LEVEL - 1
END;
lxl:
BEGIN
RC := 1;
PC := T
END;

END { OF CASt )
ELSE ERROR(L}:
WRITE (CHR(27),'J");
GOTOXY (6*LOC+10,12) ;
WRITELN ('<' ,ACC,'>');
FOR PTR := 0 TO ¢ DO
BEGIN
GOTOXY (6*PTR+10,13);
WRITE('{',CELLIPTR],']")
END:
GOTOXY (50,2)
WRITE('LEVEL: ',LEVEL,' REPEAT COUNT: ',RC);
PC = PC + 1 Y
END; { OF PC LOOP }
RC := RC - 1
END: { OF RC LooPr }
END; { OF PERFORM }

BEGIN { R1-D1 MAIWN PROGRAM !
VALID ASSIGN;
WRITE{'PROGRAM? '); PC := 1;
WHILE NOT EOLN DO

BEGIN

READ (COMMAND) ;

PROG[PC] := COMMAND: PC := PC + 1
ERD; :

COUNT := 1; LEVEL := 0; LOC 3= 07 ACC := (;
WRITELN('CE L L 8');
FOR PIR := 0 TO 9 DO
BEGIN
GOTORY (6*PTR+11,10); WRITE(PTR)
END?
PERFORM (1,80,1};
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ABSTRACT .

Alchough the instructional use ‘of
computers at the precollefe level is
growing by leaps and bounds, ic¢ is scill
in its infaney. wver the short run many
of the major problems are correctly Per-
ceived to be due to a lack of adequate
or appropriate hardware, software, and
courseware, But there are two other
mafor problema that will be the domi-
nant leng-term considerations. These
are the problems of securing widespread
apreement upon the ultimate foal(s) for
instructional use of computers and the
problem of teacher training.

The Association for Comnuting Ma-
chinery's Elementary and Secondarz
Schools Subcommittee has been working
for the past two years to identify some
of the major nroblems of instruetional
use of computers and to help lay a foun-
dation for progress towards their solu~
tion. Some two dozen taskproups have
been established. This paper is the
introduction to a NECC/2 sesaion in

¥Pave Foursund is Chairman of the ACM
Blenentary and Secondary Schools Sub-
comittee. He 13 also editor of The
Comouting Teacher, a professional jour-
nal aimed mainly at elementary and
secondary achool teachers intereated
in instructional use of computers.

which several of the taskgroup leaders
will discuss their rrogress.
In June 1978 the ACM Flementary and

Secondary Schools Subcommittee was formed

by merger of a Secondarv Schools Subcom-
mictee and a Teacher Certifiecation Sub-
committee. Since that time ES® has work-
ed dilipently to identify some of the
major nroblems related to instructiemal
use of comnuters at the precollege level
and to helr solve them. Dug to very lim-
ited finaneial resources ES-2 in most
cages can only hone to provide some lead-
ershin and to lay a foundation which may
help lead to long term solutions.

This same two-year time span has.
witnessed a massive influx of commuter
facility into the achools. Reliable data
on how much hardware has become available
has not been collected. e know, h
that total gales of microcomﬂuters by
Aople, Commodore, Padio Shack, and a num-~
ber of other comvanies total in the hun-
dreds of thousands. The state of Mimne-
sota has long been recognized - v its
leading role in the instruetion. use of
comnuters, Through the Minnesota Educa-
tional Comnuting Consortium it has made
time-shared comnuting available to almost
ever{ school in the state’s nrecollege
nublic education system. During the past
two years these same aschools have added
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approximately 1,000 microcomputers, while
contimuing to increase their use of the
time-shared system. Minnesota has a pon-
ulation of about & million, or a little
less than 2% of the total US population.

One can get additional insight into
this massive Erowth of microcomputer use
in education by talking to a variety of
teachers and by attending local and na-
tional professional meetings, &8s it has
been my privilege to do. For example,
each year the northern Cslifornia affil-
iate of the National Council of Teachers
of Mathematics holds a meeting at Acil-
omar, near Monterey, California. Usual
attendance is about 1,500 aducators. Bob
Albrecht, well-known author and leader in
the computer education £ield, has attended
this meeting for many years. According
to Bob the 1978 meeting included « modest
amount of computer activity, and there
were 10 microcomputers available for dem-
onstrations and hands-on use.

At the most recent 1979 meeting
there were computer-related talks pched-
uled in parallel with every math session.
There were some 6f mic-ocomputers availl-
able for hands~-on experience, and there
was a well-organized software swap. The
goftware swap was set up by the Computer-
Uaing Educators {(CUE), a northern Cali-
fornia group tha® is lass than two years
old. By the end of the Asilomar meeting
CUR had well over 200 members. (1)

At the Asilomar meeting I talked
with dozena of teachers who are just get-
ting started in the instructional use of
computexrs. The most typical cuestion
went approximately like this: "QOur
school has $X to apend for computers.
Vhat should we do?" fThe tynical Figure
mentioned ranged from a thousand dollars
or 80 up to many times that amount.

Two conclusions seem evident.

First, msny people with very little for-
mwal training or experience in the in-
gtructional use of computers are now be-
coming involved; indeed, they are being
asked to mnake major decisions that will
affect how computere are used in their
schools. Second, while the primary con-
cern is still hardware, there is growing
awareness on the part ¢f novice users
that software 13 2ls0 a major issue.

On the average, the novice computer
educators know little about work done by
others nor of the higher level problems
facad by the field of instructional use
of computers.

WHERE ARE WE HEADZD?

In my opinion ane of the major pro-
blema of instructional u<e of computers
ia there is little agreement as to where

ERIC

we are headed. The overall long-term
goale are neither clearly understood nor
widely accepted bv the peonle who will be
involved in implementing them.

Over the nast decade computer liter-
acy for all students has emerged as the
major goal in instrurtional use of com-
puters at the or~~ ege level. Ini-
tially comput: acy tended to mean
computer aware It was thought by
many to be adequ. f students could
com to understana .ome of the capabili-
ties and limitations of computers and
thus gain some insipht into hog computers
were affecting the world and their lives.
There was relativelv little mention of
giving scudents substantial trainin§ in
use of computers or integ iting their
use into the curriculum, .nitially, at
least, it was clear that resources to do
80 were not available within the foresee-
able future, '

But the future proved difficult to
foresee accurately, and large-scale in-
tegrated circuitry became commonplace.

Az the price of computers dropped and
availability increased, the meaning of
computer literacy changed. Now the ex-
pression tends to mean a functional,
working knowledge of computers,

The analogy with veading and writing
literac{ expressed by Art Luehrmann (2)
is highly instructive. We can imagine
being involved in education at the Jrwn
of the invention of reading and writing
and entering into discussion as to their
role in education. ¥e can imagine edu-
catore getting bogged down on ilssues such
ag the grand of pencils and paper that
are best or lamentin§ the poor guality
and small quantity of books that are
available, But these turn out to be
short-term issues, and are certainly not
the major long~term nroblem, Over a time
ppan of a few thousand years, and aided
by the invention of movable type and high-
speed nrinting presses, reading and writ-
ing come to be integrated into every as-

‘pect of human intellectual activity.

¥what have proved to be continuin,
probleme in reading and writing are 1il-
lugtrated by looking at examples, such as
in mathematice and music. In each field
there hes been a need to develop appro-
priate symbols, notations, and vocabulary
in order to represent the key ideas. Key
ideas had to be developed and preserved.
As this knowledge accumulated, educatora
are faced with the problem of hes to
teach it and what students should learn.

Now shift your attention back to the
problem of inatructional vee of computeras.
If our technologically oriented aociety
continues to progper then we can easily
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imagine that eventually computers will be
as readily and conveniently available as
books, pencils, and Eaper are today.
Within that framework a single clear-cut
goal for instructional use of comvuters
seems evident to me. We want t¢ integrate
use of computers into every aspect of hu-
man intellectual activity in the same
manner that we have done for reading and
writing. The computer is a universal
tool, a new aid to problem solving, and
we want all atudents to develop a high
level of functional knowledpe and skill
in ita use,

This ultimate goai will take many
decades, centuries, or even millenia to
accomplish. Pro%ress will be made by *
identifying problems that face current
educators and work%nﬁ to solve these pro-
blema. The ACM ESJ has identified about
two dozen problems and establizhed a like
number of taak froups to work on them,
The next several sectiona of this paper
discuss some of these problems.

SHOULD COMPUTERS BE USED IN EDUCATION?
There i{a growing support “rom tea~
chers, achool administrators, scuool
board members, parents, and otherd for
the instructional use of computers in
education. But much of this support 1s
still tentative, and much of it is based
upon incorrect insights as to how com-
guters will affect education. Robert
aylor of Co}umbia Teachexrs College
heads the ESJ Arpuments taskgroun, His
review of the literature led him to as-
semble a book of teadings (3) on the
arguments in favor of instructional use
of computers that have been a0 well ex-
pressed by various people over the paat
15 years. Perhapvs the main conclusion
to draw from Taylor's work is that many
people are busy reinventing the wheel,
Moat people currently entering the com-
puters in education field are not taking
the time to learn what in already known
and thus are expending considerable ef-
fort redoing what has already been done.

HARDWARE, SOFTWARE, AND COURSEVWARE
FROBLEMS 3

Several of the ES” taskgroupa are
concerned with the problems of hardware,
aoftware, and courseware; as mentioned
earlier, many people view them s the
major issues tgat need to be resolved.
The hardware and software problems are
closely related. %We have a %rowing num=
ber of options in educational b wdware,
with the quality and capabilit " these
machines continuing to improve _ut
there 18 a lack of software compacibil-
ity between different manufacturer’s
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machines, and we are just beginning to
see how massively difficult the software
problem really 1is.

We can better understand the soft-
ware/courseware problem by examining one
of the major directions of expanded com~
puter activity, computer-assisted in-
struction. The idea is for the computer
to take over some of a teacher's fune-
tions, interacting with students to en-
hance atudent learning. Material ia
needed at every grade level and in every
discipline, and the past 20 years of ex-
perience of the PLATO project, as well as
many other computer-assisted inatruction
projects, pointa out the difficulty of
developing ﬁood guality instructional
software and covrocirare.  Developing good
software and computer-oriented courseware
is more difficult than developing the
more traditional materials currently in
use. 'reover, the current market 1a
amall, the number of people involved in
developing materisls {a modest, and the
machinery for coordinated national ef-
forts in development or distribution 1a
not yet well established.

It 18 clear, then, that regardless
of hardware progreas, aoftware and course
ware will continue to be major problems
for many years to come. Some federal
funding is being made available, however.
For example, Judy Edwards (4) heads a
three year, $200,000 per year project to
work on educational software for miero-
computers.

Another apvroach is being strongly
encouraged by ES® and has also received
the backing of the International Council
for Computers in Education (5). Loecal or
statewide groups of computer-using educa~
tora who can readily participate in soft-
ware and courseware exchange are being formed.
Such local %roups bring people together
for personal interaction and are proving
to be a highly effective mode of infor=-
mation dissemination. Those interested
in atarting such a group please contact
the author of this paper.

CURRICULUM CONTERT NUESTIONS

Computers are a general aid to pro-
blen solving in every academic discipline,
although they currently are much wore 3
used in some areas than in others. ES
has taskgroups concerned with computer
usea in mathematics, the sciences, the
social sciences, the humanities (includ-
ing art and music), buginess, and voca-
tional education. The task in each caae
18 fairly similar. Ewventually uge of a
computer ag an aid to knowing the aubject
matter and to solving problems from these
disciplines will be routine. So far,
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however, relatively little progress has
occurred,

We find the most propress in mathe-
matics.
mathematics s now common, especially in
the more advanced covrses; strangely (in
the author's opinion) use of caleulators
in the remedial math courses has been more
slow to gain acceptance, The use of com-
puters is taught in some math courses,
but we seldom find a math course where

‘the math content has changed to reflect

what computers can do or how one uses
them in problem solving. Almost always
the computer is an add-on topic and is
used in conjunction with learning the
traditional topics in the traditional man-
ner.

In very few secondary schools ome can
find a significant change in the science
or business curriculum due to computers.
As 1o math, computer use tends to be add-
on in nature, to help students learn the
traditional content., Thus it is a very
rare astudent who emerges from high school
with a functional knowledge of the com-
puter as an aid to problem solving in @
varig;g of disciplines.

e problem here 1s immense. The
content and coursework for every diseci-
pline needs to be rethought and redone
in the light of computers and their ca-
pabilities,

ELEMENTARY SCHOOL

A single taskgroup is attempting to
bring order cut of chacs in elementary
achool education, which represents about
half of all of precollege education. Al-
though this group is not expending much
energy on the issue of calculators, that
particular issue gives good insight in-
to some of the overall difficulties
faced by the field of instructional use
of computers,

Calculators are now duite inexpen-
give and reliable. Even at the retail
level one can buy a 4-function machine
with 4-key memory and liouid erystal
display for under $10. Sfunue such a
machine will last for vears, an elem-
entary school could provide its stu-
dents with esgentially unlimited access
to calculators at a cost of perhana 52
per student per year. The use of cal-
culators at this level hag been studied
in meny research projects and has re-
ceived the backing of such organiza-
tions as the National Council of Teachers
of Mathematics and the National Council
of Supervisors of Mathematice. Many
books of calculator materials are now
available for use in the elementary
school.

0N

Calculator use in secondary school

—_—
T

But calculators have had essentially
no impact upon the elementary school math-
enatices curriculum! Speculations as to
why would f£111 at least an entire paper;
however, it gseeme¢ that a major factor is
that teachers lack appropriate knowledge
and akillas.

What, then, can we expect to happen
with computers in the elementary achool?
One answer 1s computer-assisted instruce
tion, with the main emphssis being on the
computer taking over some of the instruc-
tional processes currently handled in
other ways, Proponents talk about tea-
cher-proof materials and point out inad-
eguacies in the current instructional pro-
gram. Opponents point out the inadedua-
cles of computerized instructional mat-
erials and discusse the wisdom of this
type of change in our instruccional de-
livery sayatem,

Very few elementary schools current-
ly attempt to teach studenta about com=-
puters, e have only modest insight as
to what is appropriate. ain, the major
drawback is teacher knowledge.

TEACHFER KNOWLEDGE

Every teacher kuows how to read and
write and makes use of this knowledge in
teaching. Every teacher has substantial
insight into the use of reading and
writing as a tool to lesrning the disci-
plines s/he teaches, and i{n solving the
groblams of these disciplines. The great

ulk of instructional materials builds
upon students’ abilities to read and
write

Contrast this with teacher knowledge
of computersl It ig a truly rare achoo
that has even one teacher who uges come
puters a8 an everydav tool in coping with
the problems of hie/her discivline. Thia,
then, 19 the major problem. We are,aske-
ing computer i{lliterate teachers to help
students to become computer literate at
a functional level.

This problem ig being attacked in
many ways, Among these are teacher cerr
tification requirements, pre-gexvice
courses, in-service courses, self-directed
atudy, and 80 on. Many teacher organiza-
tions recognize the problem and are in~
cluding cotiputer talks and computer ta-
toriale in their professional meetings.
All of these thinga are necessary, and
all are helping. But progress seems 8low
relative to the mognitude of the task.,
The educational world has yet to accept
the use of computers in Precollefe educa-
tion as a major goal, and thus to begin
to devote the resources necessary for
rapid orogress.
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COMPUTING COMPETENCIES FOR SCHOOL TEACHERS

Robert P. Taylor
Teachers College
Colunbis Univeraity
(212} 678-3494

IRTRODUCTION

On December 4~5, 1978, the Elementary and

Becondary Schools Subcommittes (B33} of the ACM
Curriculum Oommittes met In Washington, DC to
begin formslly laying out curricular and tescher
training guidelines for the integration of com=
puting into the elementary and secondsty schools
of the country. Bullding upon a lengthy initial
discussion and a review of earlier papera and
documents dealing with tha same problem;, the sub-
committes outlined what it would attempt to dc.
This procecs identified sevoral tasks that
together would conatitute the overall work of the
aubcommittee. Yinaily, on the basis of interast
and expartise, each participant in the 253 meeting
was assigned to a working task group to further
define and carry cut one of tha identified taska.

Among the tasks ldentified was one Jdexling
with tescher treining: to define the scope and
subatance of teacher training needed to integrate
computing into the schools, Accordingly, a
teacher training task grow) was formed.

This paper is a product of that task group.
It deals only with a subaet of the lssues and
areas ralated to Jdesigning oversll, computer~
litarats tsacher training. To aprreciate its
focus and accapt some of its omissions, one should
be awars of the following constraints that task
group placed on itself. FMrat, it wae unanimously
ugresd that definitiona should be in terms of com-
petencias to be achieved rather than in terms of
PIrograms or coursea to transmit thoss covpetan-
cles. Second, bheczuse ths computing competanciss
needed by the teachsr who must tesch computing sa
¢ subject are more extensive than those needed by
other teschars, the competencies needed only by
the computing teacher should be traatad as s« sspa~
rate modula. Third, though integrally ralated to
each other, the competencies nesded hy the teecher
are quite different from those neeled by the
tescher's taschers, tha steffs of institutions
actually doing tha tescher trsining. It was
agreed, tharefors, that specifying tha competen-~
clas needed by the teacher's teacher would bhe &
separsts module of work. It was slso agreed that
it should only bs undertaken after the oimpeten-~
cies needad by the teacher had baen specified.

The task group saw tha competenciss needsd

Jamas L. Poirot
North Texas Dniversity
{817} 788-2521

Jamas D, Powell
Horth Carolina State University
{919) 737-2858

by teachers st ths achool lsvel ss belonging to
one of three sets. The first set encompasses
those bhasic universal computing oomspatancies
required for any school tssching, regsrdless of
lavel or subject. The second encompasses thosa
additional computing compatenciss needed only by
the teacher who must tesch computing ss 3 subject
in itas own right. The third encompesssy addi-
ticnal computing-ralated; subject-specific com-
petencies needed by tsschers of subjects other
than computing.

This paper citlives the competenciea in all
thres sata. It incorporstes critical suggestions
recaived as s ramnlt of wide circulation of two
earlier pepera on the tople (1,2}, We slw trust
it will stimulate useful discussion and criti-
clem. We hope it providesa some guidance to those
wordering what teachsrs should know about com-
puting.

COMPUTING COMPETENCIES HERDED BY TEACHERS

Three wets of computing competencies
follow. The first (1.0} includes those whirh all
tuachers must have, regardlesa of their level or
discipline, even 1f that discipline is the
tesching of computing itself. The second set
{2.0) includea those needed otily by the tsacher
of computing sa a aubject. It should be noted
this second set prasupposes the first. The third
st (3.0) includea additional competanciss for
taachers who use computing to support or enhance
inatruztion in subjects othar than computing.
Bvery taacher should 2cquira the competencies
listed in tha firat set (1.0} and the compsten-
cles liated in aither the second set (2.0) or the
third set ‘300)0

1.0 : niverssl computing competencies nesded by
ull taschers

Thess sra computing competencies which all
school taachars should have to tesch affectively
in ¢ soclaty permeated by computers. ‘They ralats
to either or both of two goala: (1)} to under-
stand computing and (2} to use computing. They
can be otated partislly in tarms of competenciss
listed in ACM’s *Curriculum '76% {3} and par
tially in tarms of different competenciss derived
£rom other sources. A mmber of such other
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sourcas are iisted in the references at the and of
this paper. Thay reflect the abundance of diverss
work that has taken place in the past decade
relating computing to education.

1,1 : Lompetancies

In termsa of these universal competsncies,

avery tascher should:

Cl.1 be abls to resd and write simple pro-
grams that work correctly and to under-
stand how programe and subprograms fit
together into systems; :

Cl.2 have experience using educational
application software and documentation:

Cl.3 have s working knowledge of computer
terminology, particularly as it relatss
to hardware}

Cl.4 know by exampls, particularly in using
computars in education, some types of
Problems that are and sone genersl types
of probleas that are not currently
anenable to computer dlutioa;

Cl.5 ba able to identify and use current
information on computing as it relates
to sducations

Cl.6 be able to discuss at the lavel of an

intelligent lsyperson some of the hig--

tory of cwmputing, particularly ss it
relstes to sducation; and

Cl.? be able to dlscuss mucal or human~impact

issues of computing as thsy relste to
societal use of computars generally and
sducational use particularly.

The above competenciss should be transmitted
within the genersl preparstion programs for sll
teschers by having those programs include the
topics listed below {T1.1 through T1.5). Per
those being trained to taach computar sclence,
those topics will represent only a small subset of
what must be learned about computing and its uses
{see Section 2.0). Por sll other teachers, how-
ever (apart from the subject-sperific cospaten-
cles covered in Section 3.0}, thess topics cover
much of what must be learned about computing by
the teacher who is to be minimally literste.

1.3 1 Mlc' of m

T1.1 Programaing ics: Includes develop-
ment of simple algorithms and their
isplemsntation in a programming lan-
Juager programming style, dsbugging and
verification, and task-specific pro-
gramming for educational applicstions.

T1.2 Computer Terminology: Includes mofi-
ware (e.g.: oOperating systems:; time
sharing aystems) hardware ({(e.g., CRT,
tape, disk: microcomputers) and miscel-
lanecus 1teme (e.g9., documentation:
u'tlagf vendors) «

T1.3 Classic Applications of Computing in
Bducation: Includes representative
axperience with problem eolving and
text wsanipulation; simulstion, drill
and  practice, and complex tutorial
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gystems  Including complete student
prograss record Kkeepingy and asduca-
tional adwministrative systems.

T1.4 Human/Machine Relationships: Includes
artificial intelligence, robotics,
computer assistance in decision making
{e.9., medicsl, 1legal, business),
simulations, and computers in fiction.

T1.5 Information on Computers in Education:
Includes pericdicals, important books:
on=1line Inguiry sources such as ERIC:
professional societies such as AN,
AEDS, NCTM; time~sharing networks.
networke of compuutsr users) and hard-
ware vendor groups.

In 71.1 procedures Or algorithms are at the
heart of computing 80 teachers should learn whet
they ars by inplementing simple examples such as:
a Procedure o averdge a clsas's grsdes, a game
to guesa what number the computer is thinking of,
or a procedure to disPlay a large hox on the
screen and than maxe 1t shrink to dissppearance.

Teachers need to be able vo implement such
Procedures in conly one language but should be
able to rasd at the same, or a greatsr lavel of
aifficulty in a second so that the idesa of »
language, its strength end limitations, springs
from personally experiencing functional daif-
ferances betwesen two languades.  Within the
limitations of single programs,teachers should be
taught 0 write well-structured code, easily
readable by othars, and to documant their code in
accaptable fachion.

T1.2 sheuld be integreted throughout the
course of study. In order to successfully use
computing the vocabulary of the field must be
understood. What is the Adifference between a
tepe, s floppy disk, and a dfsk? Why use one over
the other? These are general idess but sowe
minimal understanding of them is recessacy to use
computars.

T1.2 should certainly familisrize the
teaacher with several of the existing well-
developed CAL systems clited in Section 3.0 balow.
Tezchers will not develop new ideas about what
could be done In thair areas unlsss they see the
bast of what has besn done; neither will they get
a full understanding of what can not be
reascnably well dons by <Omputsr without such
exposure. For exampls, ascquaintance with the
physics system designed by Bork (4}, with OCC
drill and practice systeds® hased on Buppes's work
{5): or with PLATO work (6}, should serve to
acquaint the teacher with the CAI issues.

Since many teschers end up in administration
and since sdministrstive uses of computers affect
the teacher, some introduction to one or more
reprasantative administrstive systems should be
included. A student record systam would Probably
be & rasscnable cholce for {llustrstive study; it
deals with information familiar to the teacher
withaut using financial details some might find
aifficult to understand.

Twachers ahould slso be familiar with super

o0
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calcuiator modes of computer use as a classic
application. Az home comsputers become mors
common, perhaps little formal work in this area
will be necessary. Clearly,word processing must
te covered; every teacher does so much word pro=
cegsing mangally that nofe should be left ignocant
of how much word processing help the corputer can
give,

With reapect to Ti.4, the long range and the
inmediate implications of computing as a form of
artifical inteiligence should be taught. The
excitement of learning to think about thinking and
of contemplating the powers and limits of human
intelligence are 80 significantly linked with con-
puting exparience that this aspect aust be
gtudied; the opportunity is too great to pass up.
Artificial intelligence may best convey both the
power and limitation of computing in education.
Acquaintance with any of ssveral perspectives on
this experience i wssential and can be taught
using such projects as the LOGO work (7} or the
8010 work {8). A growing body of fiction about
computing can also contribute effectively to the
teacher 's insight into the emerying worla (9,10},

With respect to T1.5, teachers must Know
where t0 look to Keep abreast in this rapidly
changing fleld. Course work and {nstruction
should thersfores routinely call attention t0 and
require that the crai use a range of sources
about computing and sddcation.

The i{deas Presented above represent a minimal
set of competencien which every teacher should
obtain. The topics Prefented provide a fremework
to achieve this minimal level of competency. In
addition to theae competancies, every teaclher
should also acquire the competencies listed in
either Section 2.0 or Section 3.0.

2.0 3 Gnméencies neaded for the teacher of

computing
While every classrochy teacher should have the

general get of computing competancies suggssted
above, the teacher of computing needs more. The
likelihood that he or she will, in addition to
teaching, be forced to fupction as a general
resource to faculty, administration, and students
only increases the need for more extenmive compe-
tency In gomputing.

since much of the knowledge raquired for such
a teacher is similar to that required of anyone
desiring to be a computer professional, many of
the compuiter competencies defined in the recent
AM Curriculum Committee report, *Curriculum *78"
{3), arpPly to the teacher as well., Thim sector
therefore ralies extansively upon that report.

2.1 1 Competanciss

The core material recomended for teachers of
cosputer science represents sssential elementery
mater {al, a8 well as material especially designsd
for educators., Computer science teachers should:s

€2.1 he able to write and dJocument readable,

well-structured programe and 1linked

systemé of two Of mOre programs)

C2.2 be able to determine whether they have
written a reasonably efficient and
well~organ ized program}

C2.J understand basic computer atchitec-
turaes)

C2.4 understand the range of computing
topics that are suitahle to be taught
as wall as the justification for
teaching these toplcsi

C2.5 know what educational tools can be
uniguely employed in computer scisnce
education.

The firsi three competencies are of the sort
comonly needed by all computing professionals,
and are listed {n "Curriculux '78" as among those
to be covered by the undergraduate coaguter
scisnce degrae program, Compatenciss (2.4 and
C2.5 are not cumwonly needed by all computing
professionals. They are essential only in the
preparation of computer science teachers.

Pormal training in pathematics is
considered crucial for the teachers of computar
science. While the specification of this mathe=
matical content {5 considered beyond the scope of
this report, it should be noted that this content
may include topics which are freguently not part
of formal mathematics programs (e.g. finite
mathematics, statistics}.

For {ndividuals who are to serve as a comw
puter resource person for their school or achool
system, two additional competencies have besn
{dentified.

C2.6 Develop the ability to assist in tbe
selection, acquisition, and use of
computers, interactive terminals, and
computer services suitable to enhance
instruction.

C2.7 Be able to assist teachers in evalua-
tion, selection, and/or development of
appropriate instructional materials
that use computing facilitiss.

2.2 1 ‘Topics of Study

These competencies chould be gained through
a geries of courses and other vehicles developed
through joint efforts of teacher sducation pro=
gramg and the computer acience Program. We pre-
sent below a list of topics that should be
included in the program.

12.1 Programming Topics: Includes advanced
algorithme, programming languages,
blocks and procedures, programaing
style, documentation debugging and
verification, elementary algorithm
analysis, applications.

T2.2 Software Organization: Includes com-
puter structure and machine language,
data rapregentaticn, eymbolic coding
and assembly syotems, addressing tech-
niques, macrog, program stgmentation
and linkage: linkers and loaders,
systoms and utility programs.
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72.3 Hardware Ordanizationt Includes and Inplementstion of computing throughout the
computer systems organization, logie school, even when the other tezachers know nothing
design. data repreosentation and of computing.
transfer, digitel arithmetic, digitel
storage and accessing ocontrol, 1/0, 3.0 1 Subject-Specific tencies
reliability. neefdisd by teachers

T2.4 Data Structures and FilinG Prooesaing: In addition to the set of univeresl
Includes adata atructures, sortind and ocompetencies neaded by all school teachers. there
searching, trees, file terminology, ate additional level- and asubject-specific
sequential access, randca accesss file compatencies whick teachers should have. Any
1/0. teacher will require at lesst one of these, but

T2.5 Computers ip Soclety: . Computers and no one of them will be universally sppropriate
their effects on governments: cateets. for all teachers. The definitione of those
thought, law, personal behavior; coupetencies spring entirely from the vast and
privacy and ite protection’ information highly diverse body of experience with veing
security and its preservation. computing in education over the last decads.

T2.6 Teaching Computer goience:  Includes Soutces representing some of this work are listed
(1) knowledge of learning theories as in the bibliograPhy. The competencies can Dbe
they apply to lsarning about computers. atated generally, irrespective of the teacher's
{2} knowledge of several appropriste eventual level of subject’ the topics. though,
curricular scope and sequences for will vary conaiderably, <Sepending on both.
varjety of program goals {(e.g¢., liter~
acy, careers, college preparation, per-~ 3.1 + Compitencies
sonal problem solving). In terms of these subject-specific

"Corriculum '79,* along with & vast amount of conpetenciess the teacher should:

research in computer education. supports the C3.1 be able to use and evaulate the general
inclusion of topics T2.1 through T2.5. Knowledge capahilities of the computer as a tool
of programmind topics, poftware organization. for pursuing varicus discipline~ or
etC., are esmential for the oomputer professional level-specific educational tasks)
of today. C3.2 be able tOo uae and svaloate alternative
The teaching of computing is a unigue com- hardwaze and software systems designed
puter profestlon.  fnowing how to program, to function aa tutors of teacher aids;
however, does not. in ltaeslf, qualify & teacher C3.3 be familiar with information and quan~
for teaching computer eclence. Matsrials on why titative technigues of study in the
and how to teach computer toples included in T2.6 {teacher's) subject.
are invaluabla to phe teacher of computi™ and These oospatenciss ahould be developed by
should be included within a program of stuldy the teacher preparation program. tallored to suit
training such teachars. the trainee's intended teaching level and

Competencies 2.6 and C2,7 of the previocus subject. We will not present an exhaustive list

section are requiresd for those serving as Computer of toples corresponding to  these subject~
resource personnel for & school systam. These specific and  level-sPecific ocompetenciss.
competencies should be gained through the computer Instead: wa will present model topics for a few
asclence program and the teacher preparation pro- selactad subjects end levels.

grams. The following toplics will assist in devel-

oping the required cospstencies. 3.1.1 & Topies of Study for Teachers of BEarly

T2.7 Advanced Topics in Computer Scisnce: Childhood (Primaty Grades 1=4) -- TEC
includes advanced topics in cosputer me3.l Computsrless prepatation for compu-~
organization, opsrating syatems, archi- tingt BExperience with a wide range of
tecture) - database syoteas! computer couputerless but computing-related
comun Lcations. sctivities that children van partici-

T2.9 Computers in  Bducation:  includes pste in to enhance their readiness to
detailed knowledge of learning/teaching under atand and work with computers.
research as it has 1%Plications for THC3.2 Games and Sfsulations: Experience
affective dseign of institotional com~ with & wide rangs of games gnd aimla~
puting systems and adainistrative uses tions that atimulate children to
of computing in our educational explore and better understand funda-
setting. msantal ooncepts and atrategies of

Including atudy of computera in education learning.

will incCrease the teacher 's ability to assumse » 3.3 Tutorial systems: Rxperlence with
role ©of leaderahip in providing direction to 2 aimpla and complex tutorizl systems
school system in integrating computing into its toouning upon mathamatics. spelling.
curriculun. This wdditional computer background reading, and other elementery topics.
should allow the computing teacher to act as » including bi-lingual varistionas of
CasOULCE person to assist in fostering development soch systems.
o : p
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TECI . 4 Exploratory programming systema:
Experience with well-developed explor-

atory systems where child-appropriate
I/C subsystens such am robots are pro-
grazpatically manipulated by the child
in a discovery or problem-solving
approach.

less work hap taken place in the area covered
by TEX.1 than one might exPect. Despite the
likely wide-spread availability of microproces-
sors in the immediate future, computerless com-
puting activities can atill be very useful. By
contrest with hesavily machine-dependent activi-
tias, they provide a more contemplative, less
involved opportunity to examine some of the funda-
mantal ideas cohnected with cosputing. They thus
allow those uming them to deepen their under-
standing even If they have access to computers.
Typical examples may be found in some of Papert's
work {11) and in Taylor {(12).

Vast quantities of games and simulaticns are
available for TRC3.2, but careful choices should
be made in selecting them. Many are not well-
written, either from a programming point of view
or from a child-user point of view, and no game or
#isulation should be gelected unless it succeeds
in both areas. Some of the best work in thia area
at this age level came out of the People's Com-
puter Company under the initial stimulus of
Albrecht {13).

With respect to TEC),3, though, many tutorial
systems have baen developed, not all of them are
good, The experisnce of the teacher should
certainly include at least one good system and
some discussion of what lies bebind it. The work
of the OCC group under Suppes is certainly a
worthy example in this category {14).

Finally, new exploratory systems relevant
for TEC3.4 are appearing, but the pioneering work
is still only for illustration. In particular,
the XEROX work which produced SMALLTALK {1%) and
the LOGO work, particularly as Seymour Papert has
advertised and sustsined it (16), is outstanding.

Microprocessors can be the primary machine
used, but not #0 much that the trainee is left
ignorant of the advantages of larger systems.

3.2.2 : Topics of Study for Teachers of Foreidn

Lanquage ~ TPL

T™L3. 1 Games and Simulations: Exper ience
with a wide range of games and simula-
tions  designed to provide cultural
backgzound and informal language
learning, using the culture as context
and the lapnguage ap the medium of com~
munication in the grme or simuiostion.

1913 .2 Tutorial Systema: Exporience with
tutorial systems designed to enhance
the learning of & foreign languags
through a carefully arranged body of
interactive axperiences driven by com=
petency-based, computar-adminictered
Nﬂting. ot

™L.3 Poreign Language Text Editing: Expe-
rience with a powerful text editor

ERIC
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uged to create and manipulate texts in
a foreign language.

Under TFL3.1, =simulations based on relevant
activities and situvations in the language-
culture can provide insight into the langusge
difficult to obtain in other ways. These, and
many popular cosputer games, should alsc be used
r. provide a more informal langiage practice for
lesrners. This practice can take two forms: {1)
translating and {2) informally using the
language. Teachers should practice translating
all user text; of appropriate games and simula~
tione into the target language, thus preparing to
have their students do such translation.
Teachers should also have wide experisnce with
playing games whoge text is entirely in the tar-
get foreign language and which expect sll player
reasponses in that language. Such playing in a
foreign 1language can be 3 valuable informal
enhancement. PExperience with a wide range of
such games and sipulations may slso suggest new,
more appropriate ones which the teacher can
creaate or have others, including students,
create, Some attespt to creat® such neaw material
{or new variations of old material) should be
part of every foreign language teacher's
training., Waturally, where audio is available,
it should be appropr iately uged.

There are many examples of language drill
and practice suitable for use under TPL3.2. Work
such as that done by Suppes (17) at Stanford
should certainly be familiar - to languvags
teachars, though altarnatives certainly exist
(18). Work in this area should rely es heavily
upon audio and graphics as possible, thus cutting
down on the automatic tendency to always trans-
late from the native language and to develop
competance only in reading® and writing the
foreign language.

TPL3.3 should ensure that teachers use a
suitable computer text editor to manipulate text
in the target foraign language. With appropriate
accent mark capabilities, such editors can
encourage language learners to Practice much wmore
prose writing and thus enhance their gyerall com-
mand of the language.

3.2.2 1 Topics of Study for Teachers of Physical

Science — TPS

TPS3.1  Exploratory Programing  Syatena:
Experience with well-defined explora-
tory ayatems through structured,
discipline-appropriate languages.
Systema must include graphic capa-
bilities, be prograsmably control=
lable by the student, and be oriented
to discovery through proulem-solving
activities ralevant to the physical
sciencen.

7P83.2 Tutor fal stems:  Exparience with
tutor ial systems designed to enbance
learning of the phyaical gaciences
through a carefully arranged bedy of
interactive experiences driven by

i,
bin
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competency-based, computer-adminia~-
tered teating.

TP53.3 Games and Simulations Bperience with
atand-slone gameas and simulations
desighwd to enhance undaratanding of
specific physical phencaena or signi-
ficant past experiments.

TP83.4 c1-mg¢%.g:! Managament:
Bxperience with automated managesent
of pecple, learning, time, and
resources includirg sutomated inven-
torying, laboratory
information/raferance systema: in
genaral, usea of the cosputer to

provide the sciance teacher with mors -

time to work with individuslas.

TP33.5 Data Collection and Analysis: Expa-
rlance with systems which collact and
analyse date including on-line
gathering and analysia of experimentel
data and process control systeams which
collect, snalyxe and provide feadback
to the systes.

The posaibilities under sll three topica for
phyaical sclance teachers have heen extensively
explored already by Bork (19) and othera (20).
Thelr caraful work and well-documented analysls
should be extended and incorpotated in the
triining of physical science teachera. Buch
training should include experience with relevant
exanples which illustrate the three toplcs; it
should also require each trainse to conatruct
selected, aimilar, small modules of computer-
supported instruction as s norsal part of teacher
training.

SUMMARY

This paper has edarassed the computing compe-
tencies nesded by Pre-college teachers. These
conpatencies are listed in three groupings Lased
on the involvement of the teacher in computer~
related activities. Becaise of the varistion of
subject matter, implementation exasplas have besn
given for teachera of grades 1-4 (early
childhood} , for teschars of foreign languages and
for teaachara of physical science. Thesa examples
sre rot Reant to be all inclusive but to indicate
the lavel of necessary background knowledge,

Befora gradvating from a tescher trsining
program; all teachers should be required to
scquire the firet set of compstencies and either
the second or third set. This requirament will
prepare each tescher to use computing in the
clagsroom.

No actampt ham been made to padkage the com—
petancies into specific coucses. It is falt that
asch environment will possibly require a different
technique for the introduction of the materisl.

Another growp of individuals that need to be
conaidered are the current in-service teschers.
The cospetencies described above are ss important
for then as for our futura teachers. In-mervice
courses must be developed to provide the indicated
background for in~service teachers.
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Invited Session

CAUSE PROGRAM AND PROJECTS

Chaired By Lawrence Oliver
Program Manager CAUSE
National Science Foundation
washington, D.C, 20550
(202) 282-7716

ABSTRACT

Information\abont the Comprehensive
Assistance to Undergrsduate Science Educa-
tion (CAUSE} program and a brief histor-
ical overvia:w will be presented with
enmphasis on projects involving the use of
computers in education. Exemplary CAUSE
projects will be presented focusing on:
1) individualized testing using micro-
processors: 2) ninicomputers in under-
graduate laboratory science education; and
3) computer generation of instructional
materials,

PARTICIPANTS (Listed in order of Presen-
tation)

A Brief Historical Overview of CAUSE
Computer~Related Projects

Larry Oliver
Hational Science Foundation

Individualized Testing Using Micro-
Processors

Douglas McCohm
Universitv of California, Davis

Minicomputers in Undergraduate Laboratory
Science Education

Elisha R. Huggins

Dartmouth Cbllege
Computer Generation of Instructional
Materials

Michael 'P. Barnett
Brooklyn College of CUNY
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Tutorial

DATA BASES - WHAT ARE THEY?

Arlan DeKock
University of Missouri-Rolla
325 Math-Computer Science Bldg.
Rolla, Missouri 65401
{314) 341-4491

angraacr
8 workshop will cover the three major

approaches to current data base :ystems=
hierarachical..$ODASYL, and relational.
The relative'advantages and disadvantages
of each approach will be compared. In
particular IBM's Database System IMS,
Cullinane System IDMS, and Cincom's System
TOTAL will be discussed.

b
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REQUIRED FRESHMAN COMPUTER EDUCATION IN A LIBERAL ARTS COLLEGE

David E. Wetmore
St. Andrews Presbyterian College
Laurinburg. N.C. 28352

(919)-276~3652x367

Computer education requires a defini-
tion of the group to be educated, the fa~-
clilities (hardware 2and software} with
which the education is to be accomplished.
the goals of the educational process: and
the level and rigor of that process, In
practice, the first two factors often de-
termine the last two.

On the undergraduate lievel, there are
three fundamentally different groups to be
educated: potential computer scientists,
other science sgtudents, and everybody
else. There 18 gome agreement on  the
reeds of the first two groups. The needs
of the last group, the educated members of
soclety who are not mathematically or sci-
ontifically oriented, are not so well
defined. This paper describes the at-
tempts, spanning a decade, of one lnstitu-
tioh to educate "everybody else.”

St. Andrews Presbytarian College 1ig
a small (600 student) libersl arts col-
lege. In 1969 we instituted a sclende

course required of all frashmen, "Selected
Toplce in Modern Science.® This course is
both the terminal course for non-science
majors and the intrxcductory course for all
sclience mators. We felt t the ever in-
creasing role of the computer in socliety
required that we give all of our students
a familiarity with computers. We decided
that this could best be done by teaching
them the rudiments of a programming
language. At that time we had no interac-

tive capabilities and all dur work was
done in batch mode. Software constraints
limited our cholce of languages to PL/I,
PLC, or FORTRAN. Most of cur students are
not mathematically inclined, and so we
chose PIC because of 1ts string handling
capabllities.

Over the next seven yeare, until the
acquisition of iInteractive hardware, our
computer education program evolved into a
fairly stable system. As our present gys-
tem ia a direct response %0 our earlier
axperiences, a relatively detailed des-
cription of our old system follows.

The program congisted of
three-hour sessions held weekly. The
average gection size was about 25, and
there were usually six 0 eight class sec-
tionas. During the first week there was a
short introductory lecture, followed by
the ideas of algorithms and flow diagram-
ming., Students were given a simple bil-
ling problem, its flow diagram: and its
program and were asked to punch up the
program, run it, and bring their output to
the next session.

eight

At the gecond session the printouts
were discusaed, with emphasis on the de-
bugging process. Then non-formatted I/0,
assignment, and unconditional brenching
statemants were introduced. The assign-
ment for outside work was to modify the
billing program to handle multiple cus~
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tomers by a loop and to write and run a
program to calculate averages.

At the third session we introduced
arrays and conditional branching state-
ments. The students were to modify their
average programs to use arrays and also to
calculate the average deviation of their
set of values. In the fourth session we
held a review and then digcussed comment
lines and simple output formatting, The
students’' assignment was to rewrite their
averaging program using comment iines and
formatted output to increase the under-
standability of the program.

In the fifth week charucter strings
were introduced. The assignment was to
preduce a program calculating the averagas
word length in a text. The slxth week was
a coi tinvation of character strings. The
homework assignment was €0 write and run a
pmogram converting clear ¢text into pig
Latin.

During the seventh and eighth weeks,
each student was expected to design,
write, and debug a progeam whizh he felt
might be usefnl to him in his academic
career. Most students wrote sSuch things
grade

tistical packages.

This educational venture was sSuccess-
ful in teaching students the rudiments of
programming, the strengths and weak.usses
of the computer and something of che po-
tential role of the computer in society.
We were not successful in conv?! iwcing the
students that the computer we3a a useful
teol, however, as most of £hiam never used
it during the rest of tneir academic
career.

In 1977 we povzchased a Digital
PDP-11/60 computir «ith eight video termi-
nals for studin-< use, During our first
year with +l15 systi. we did nothing more
than ~_uify our former systam by switching
t0 BASIC and using the "TUTR® series to
teach the language. The homework asslign-
ments remained unchanged. OQur work con-
vinced us that thers are certain attri-
butes of an ideal curriculum “ar teaching
everybody else about z-<puters. I helieve
that there a2re six suc- attributus:

First, what is being done rmst be of
obvious applicability %o the student.
Many college freshmen are not mathemati-
cally inclined and do not foresee any use
to them of the computer ag number crunche-
er.

Second, the system must oObviously be
computer dependent. In our old systenm,
none of the assigned programs would repay
the effort involved in writing and debug-
ging the programs.

Third, the material must be capable
of gradual entry. Hew knowledge should be
required in small incrementg. Although

our ,original sequence was modified quite

frequently. we were never able to avoid
one sesslon in which the stuaents were
overloaded with information.

Fourth, the saystem should be
word-oriented instead of number-oriented.
Most students are more comfortable with
words than numbers. For example, we found
that interest in the computer increased
dramatically when we started t2 work with
character strings.

Fifth, the system must have under-
standable error messages. For beginning
studehts a cryptic error message 1s prob-
ably worse than a simple statement that an
error has been committed.

Sixth, the aystem must possess the
attributes of any good tool: Versatility.
usefulness, resistance to breakdown, obvi-
ous efficiency, and feedback to the user.

Wwe deciced that the system which
would best combine the attributes listed
above was word processing. Word process~
ing includes programs to write text, alter
text, move text within or between files,
and to format text. The systems are not
only obviously computer dependent, they
are impossible without a computer. It is
appurent that they will work with textual
material of any length or complexity.

The major advantage of word process-
ing is its applicability. A freshman at a
liberal arts college knows that L. will
write many papers over the course of the ..
next four years. Any tool that will make’
that writin easier is welcomed.

Word processing systems e&re usually
designed for use by non-technical peopis
and are structured so that much can be
done with a few cormands. Additional ma-
terial can be learned when its nead is ob-
vious to the ytudent. There-are no Jquan-
tum leaps in knowledge regquirements.
Furthermore, bhecause ©f th: users for
which most word processing systems are de«
signed, they are gulte fail-safe, and
their error messages are usually clear and
self~explsnatory.

Ko,
Ch
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We chose :OT, a line-oriented editor
as our wditing saystem. EDT i3 not as
powerful as other available editors, but
it is characterized by simplicity and ease

of use. KO was chosen as our formatting
program. It is capable of straightforward

formatting with a very few commands but
can bhe used for extremely complex fortat-
ting johs.

The textual material uwsed in the
gourse is a 25-page manual consisting of
the following information:

Introduction
Logging on
Account security
Overview of the programs
Logging off
Fileg and file naming

Editing«Program
Entering the program
Creating files
Writing files
Appending tc files
Error messages
Editing, an overview
Text display
Pinding text
Adding lines within text
Deleting lines from text
Changes within lines

Getting Hard Copy

Text Pormatting
Introduction
Case control
Margin control
Centering text

Displaying Files
Account Directories
Spelling Checker Program

Surmary Table of Programs

Bach new student at St. Andrews is
asaigned a computer account. To use this
account ‘£ 1s necessary only to go +to the
computer center and . obtain the account
nunber and password. Fach May, accounts
are deleted unless the student requests
that it be kept. At present 230 students
{37% of the gtudent body) have active ac-
counts. About 228 of the s$tudents not
taking a coiputer science course or the
freshmsan courge have active accounts.

RIC
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The computer block lasts four weeks
with four assignments. During the first
session the introduction of +¢he manual,
editing program through appending to
files, and getting hard copy are overed.
The students' first assignment is to acti-
vate their accounts and write a file of at
least 100 lines in two different sessions.
The student must hand in a hard copy of
the file the next week.

For the second week the reading ma-
terial is the remainder of the editing
program section and the text formatting
material. This material is discussed and
guestions are answerad. The homework as-
signment for the third week is to edit the
file produced during the first week 5o
that it will include formatting commands
for case and margin control and for para-
graphing. A copy of the edited file is to
be handed in.

During the third meeting the rema-
inder of the manual is covered, and each
student is asked to bring to the fourth
session an output file (formatted text)
from the file produced during the second
week.

The fourth and final gession is de-
voted to questions from the class and work
with individuals. The homework assignment
(which is weighted twice as heavily as any
of the others) is to hand in, within three
weeks, a copy of a computer-produced paper
submitted for grading in another class.

An advanced word processing document
ig available in the college bookstore.
The advanced document deals with addition-
al features of the editing and formatting
programs. This last vyear 174 studunts
bought the required introductory text, and
about 50 copies of the advanced text were
sold. (*)

Student evaluation of the computer
block has been favorable. 1In our usual
term-end evi,luation it received an average
rating of very good. In past years, prior
to word processing, the computer block was
usvually rated as good to fair.
Furthermore, conversations with faculty
members outside the sciences indicate that
an increasing number of papers in upper
level courses are being computer produced.
Thus, although we h:ve no Eard data,
feel that we are having some success at
our primary goal, that of showing all stu-
denis the utility of the compufer as a
tool.

we -
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In addition, we feal that word pro-
cessing &is an excellent computer applica-
tion with which to show students the use-
fulness, strengths, and weaknesses of com~
puter systems,

e dkk

(8) Copies of the introductory hand-
out may be obtained by sending a self-
addressad, self-stamped ($0.70) large man~
illa envalope to the author,
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DEVELOPMENT OF COMMUNICATIONS SKILLS
IN SOP'IWARE ENGINEERING

John A. Beldler
John G. Melnke

Department of Mathematlics/Computer Science
Univers'.y of Scranton
Scranton. PA 13510

(717) 951-7428

INTRODUTTION

How much will an ipdividual's
pragrameing skilils be anhapnced by an
abllicey co present 1deas orally and In
wrlcina? There 15 much more to
programming tnan just writing prograns.
Yet the emphasls In computing and
informatlon sclence curricula 1s on
programming witn 1little emphasis on many
of the other essentlal tasks that surround
and are Included In the progranming
process. Since 1975, we have been teaching
a course cthat provides a broader view of
software englneering. Tnis coursa,
enticled Copiputer Projectss is an
undergraduate degree requirement that s
taken In the gsenlor ysar. A3 part of this
course¢, sStudents develep and documant an
#pproved project of thelr cholce and 9ive
sevaral oral presentations 23 well as
sevaral written reports.

Normally, these projects begin during
the junlor year. The projects can be done
in & variety of areas but must hava a
faculty \ sponsor. Students are encouraged
to seek out faculty from other departments
who are Interested in using computing
refources 1In some way to expand on
existing projects. In any case, all
projects must have faculty sponsors who
are interested in the projects.

A kay e¢lsment ln this course 1s lcs
organizacion. During the semester, aach
student must 9ive two lectures about his
project and vrice seven reports. The
combination of the oral presantations wich
the written reports produces a total
descripcion of the project and makes the
students aware of & more 9lobal ploture of
the programming process as well as gliving
him a better understanding of the types
of thinds cthat prograsmers and systems
analyats do besides grinding out code.

Subsequent sections of this paper
describs the course and the rationale for
varliour 1tems  that are included and the

reasons for the way _he reports are
organlzed.

COURSE ORGANIZATION

Tive course 13 organlzed around the
prasentation of student projects. Por the
first tws weeks the gtudants are Jiven &
general orlentation regerding what |is
expected from them. Durlng the pext thraee
weeks tha stujents make their first oral
presentations which must be batwsan 15 and
25 minutes lond and provide appropriate
general descriptions’ of cthe proiect
araas. The presentatiod should be
directed toward convincing che auvdlence of
the Importance o0f cthe project and the
impact 1t has on i{ts gnvironment.

The middle three waeks of the course
are spent describing the varlous methads
that can b¢ used ipn the remaining reports
and the sSecond gral presantation. Also,
the students age shown the
interconnections that should exist between
the oral presentations apnd thelr varioua
reports. The sgcond half of the gemestar
ias devotead to the second oral
preseantations. These are 48 to 5§ wminute
presentations on the techaical detalls of
each project. This talk emphasizes the
appropriatenass of the technique selected
t0 solve the problea.

Walle the above sequéence is occurring
in class, the students subalt reports
about every Ctwo weaeks. As a collection,
thase reports are supposed to form A&
complete description of the project.

THE ORAL PRESENTATIONS

Both oral presentations are evaluated
by both students and faculty mumbers
present. Scudents are gréded on & varlecy
of factors such a8 content, the use of
visual aldes, spg the appropriateness of
the 1level ©0f presentatlon for che
audience. The first presantation is a 29
minute survey of the area of the project.

154
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lae purpose nere is go adquainc tne

audionce  witwe tcne problmn area and
conwlince cnem @f cne importance of cne
Pl.'ojech.

Tne second presentation is a 49 co 52
minuyte Presentacion on techalcal aspects,
hhardware, daca organization, and

must be given in a way Jhich Jould be
understood by a semi~technical manager or
executive. 48 a suggestion, students are
told that they should produce Elgures that
describe their project versus the status
guo, then amphasize how these data are
arrived at legitimately.

+ algorithms. part of this presentation
must incldde, when  appropriate., o
structured walktiitough of a part of th¥
project.

One purpose of these £irst three

&=mz- reports {8 to give students a chance to

collect thelr thoughts .during the £first

five weeks of the gemester. The rest of

the reports demand a considerable effort

REPORTS on chelr part and reguire a thorouwgh
Me Seven teporcs, wilen taken as a analysis of their projects.

unit, should form a complete description . .
Ragort Four. This teport 8 a
collectlon of Ffour analysis and design

of the pruject. Content of tnese reports

is a compromise betwzen an ideal and what .

is realiscic wicnin the time frame of a documents. The first is 8 systems chart

Sane3terl . In all cases, the reports are in tha form of a tree structure that
describas the top~down organization of

thair system. iIncluded with this chart is

judged not jusc on thzir technical merits
but also on che organization, grammar, and

~ brief description of the purpose of each
module in the system.

spelling.

Repott  One. Tiis teport is an The second part of this report {8 a
excended abstract of the project and data chart. The data chart i8 in thiee
siould Dbe about three co £ive typed parts--inpuc, process, and output. The
doubl e-speced pages long. rhe students input section describes the files used as
are told to relate this report to their input co the system alony with the record
firsc presencation. Specifically, the formats of input f£i{les. Each item in a
first talk should elaborate on the general racord is Jdefined in terms of its type and
problem area wnile tha extended abstract what role it plays in the system. The
should only briefly mention it. output section describes both the output

file and update files. By an update file
weé mean § £ile used both as an input and
output. As in the input section, all
tecord formats and items in the record
must be completely described.
The process section describes the
type, bound, and purpose of aevery major
" variable used. This section i8 grouped
tesources does the project Eirst by describing global variablesa,
{(Primary memory, disk, then common variables, then a break down
of other variables bY module. By major
variables, we mean that, for the sake of
brevity, the students can selectively
decide to limit the size of the data chart
hardcopy by not including all wvariables, Efor
example, temporary storage and loop
indices.

The third compon2nt in report four ig
a data flow graph. Again, due to time
limicationg, the students are not reguired
to create a data flow graph of the entire
system. Rether ., they use several
important items and show how they are
transformed and combined with other data
to produce the reSults. The data flow
graph c¢ompletes the systems chart in that
th2 systems chart shows the tree sStructure
of a system.

The fourth item in report four is a
bibliography. This biblicgraphy does not
just state the references. Ingtead, a
brief statement mu3t  accompany tach

feport Two. This tnree page report is
a requirements onalysis. Here the studenc
must describe the hardware neads of his
project and describe now h2 came to his
conclusions. To n2lp the students, a list
of general questions is distributed. This
list includes:

i, Whac

tuquire?
tapes, etc.)

2. Time tequirements = What effect
do various variabies have on che
time requirements?

3. Terminals - CRT,.
graphics, hign quality hardcopy
~Which 1s ideal?
~Wnich are satisfaccory?
~Baud rites?
~Synchronous . asynchronoug?
~-intelligent terminals, etc.

4. Program Space redulrements?

Se Backup

Report Three. This™Mg a justificatlon

4 document. The students assume that they
are writing a document in response to a
regquast by corpo ate management for
justification of continued funding of the
project. Here the students are regquired
to defend the valua of thefir project over
the status 4quo. Explanations of details

ERIC 155
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reference describing the relevant
information obtained from that reference.
Also, the bibliography does not list only
texts and periudicals. It also includes
referencaes to individuals who have
provided informpation or asaistance. It is
grouped as follows:
1. Text References
2. Popular Periodical References
{Time to Creative Computing)
3. Technical Ferlodical Releraences
{all other periodicals)
4. individual Citations (persons
who assisted)
wWith report four, we have a broad
based view 5f the project. This report
acts as a framewnrk upon which the rest of
the reports can be built and integrated.

Report Five. Report Five is a user's
manual, usually¥ the most difficult repott
for tha students to write. The
fundamental problem is- that.they know too
much about their project, and they lack an
appreciation of the difficulties that
others encounter {especially those who are
not expects in computing) in simply using
the projeck.

The keyY to improve this repert is an
emphasis on well-constructed . examples.
Even this is a problem, however, because
the students usually create wunusual
asoteric examples that are not typical of
normal use of cheir project. That is,
their examples are often like the horr le
examples we find in manuals that are
produced by the various computer
manufactures.

Another problem tnat is evident in
this report is poor grammare 1In order to
corract this with a minimum effort, the
students are told that the report is
graded using the basics in Strunk and
White's Elements of Style. Also, some time
is spent on seme of the basics.

A final emphasis in this report is
the importance of stating everythlng.
That is, many times srtudents assume that
the readers of their reports have the same
background and knousedge that the authors
have. As such, “their report i3 not
complete because there is atills a
substantial amount of xnowledge that is
lockel up in thelr heads and not 3tated in
black and white.

As a complemsnt to report four, this
report explains the detalls, critical
elements, and various interrelationships
in the  systen. Here, students are
encouraged to find the weaknesses inherent
in the various graphs and charts of report
four .

-
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Report gix. This is usually the
easiest report for the students to write.
They are so wrapped up in the technical
details of tueir project that the voelume
of material that can be inzluded
contributes significantly to tha
generation of this report. However, thare
are gstill preblems they ancounter in
construction of this report.

Thair biggest problem is one of
organization. The students are often so
wrapped up in the project that thzy don't
know where to begin writing.
Surprisingly, they find it difficult to
use the section® of report four as an
outline for this report. Qnce they
realize the usability of report four in
generating report six, this report becomes
well organized and easy to read. -

-

Report Sevan. This report contains
four Bections, The first section consists
of annotated and
listings. The documeantation should
explicitly indicate the connections
betwaen the code generated for the project
and the various reports. Section two is a
set of corrections to reports four, five,
and six, whi~ch allows studants to modify
these reports .o stay in line with the way
thair system has evolved.

Section three of this report i3
anather difficult section. Here students
are required to make a critical evaluation
of their system, pointing out flaws and
deficiencles both in their overall design
and implementation. This is followad by
section four, which describes what was
learned through the project. Included in
this section are recommendations for
modifications, enhancements, and ideas for
future projects.

documented program

OB SERVATIONS

There is no doubt that ¢this course
gives the students a broader appreciation
of the entire hardware/software
development process. If there is a flaw,
it ig not in this course; rather, it is
that preceding courses do not require more
of the development process so that this
course will be less of a shock to
studentsa,

Typical of the variety of projects
that students have done in thig course
ares

1. Develom.ant of relative and

hierarchical data bage
gimulations

2. General purpose software science

measurements system

3. Programmable calculator use in

the physics laboratory
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4. on~line accounting laboratory
5. An enhanced aditor
6. Grapnles: Tuktronles - Riabls
interface
7. Grapbles: 3-D perspectives with
hidden line eliminaction
8. Sofcware for forcasting the
university's financlal status
8y allowing a broad collection of
projects, w2 have obtained an interasting
by-product. Faculty from other
depar toents, a8 well as various
administrative offlces, are more aware of
the potential of our computing resourcas.
therafore, desplite a stable, or slightly
shrinking student population, we lhave
created an lncreased demand for computing
rgsources. T™is has 9glven us an
opportunity o obtaln the varlety of
computing resources that we ne2d to
support our computer sclence program.

M
. s
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SYSTEMATIC ASSESSHENT OF PROGRAIGING ASSIGMMENTS

Judy ti. Bishop
Couputet Science Divieion
Univetsity of the Witwatatstand
Johannesburg 2001
SOUTR AFRICA
(tel, {11)-394011)

SIMMARY

" The obvious wey to aseess
programming is vto sesign merke Co
writtepn by the students. lHowever,
2vident at the outset that systematic sosesament
is feseible. Nor 13 it necessarily ap.arent
what festures the matker shouid look for and the
veight to bs attached to them. This paper
explaing a methed, taat has besn used for four
yoara at two universities to mark course work at
second year level. The experience gained shows
that systematic assessment 1is possible and cen
be used to provide guldance to students &8 to
what constitutes a good program.

a course on
programa
it is» not

BACKCROUND

The second year course in advenced program-
sing [Barron 1975) is the backbone of ths
computer ascience degrze ot both the Univetsity
of Scuthsspton, England, and the Univeraity of
the Witwatererand, South Africa. Since 1974, it
hes hesn taught with the aim of turning out not
just good, but excellent progtammera. Like
linonan {1979], we felt that the primary atudent
ptoduct of weuch & courss should be a singles
large progremming proiect, aplit into four
smaller projects. Twa such projects wete
designed to be used in sltermste years, each
requiring & total of about 1000 lines &f Pascal
Mullins 1974, 1975). Although e written
examination 18 required to teet 8 full knowladge
of dets structuting and sorting techniques, the
bulk of tha final mark for the course is dsrived
from the project. At the outset, therefors, it
wes raslised that the marking of these projects
hed o be of a highar etanderd than wusual.

Very little guidance in greding cen be found
in  ths 1ttersture. Abshirs [1978] in his
othervies excellent edvice for teschers, akirte
ths problem, eimply stating "Establish e grading
poltcy .. CGrade esch progrem ... Tsll the
studencs  your greding policy.” In petticular,
how does one neutrelize the effect of subjectiva
fectore #uch es the atudent’s previous perform=
snce,; his presentation {nest or seesyl, sud the
pref exence of differeunt markars for one or enother

ERIC
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style of progtam layout?

The methods used to matk the sseignments fot
latge firet Yyear classes or emall thitd year
clesses do not esetn approriate for a medium
sized sscond yesr clees (40-80 etudental.
Program oesignmants in & first course can, fnr
the mocat pert, be sssessed by checking thet they
work for certain sstuples of date {[Woonan 1979)
&lthough some teachers avoid thie epprosch and
sasens only by e sdpeciel form of aexemination
(Radue 1976, Trombetta 1979). At the other end
of the scale, projects undertaken by third year
and greduste students can be looked &t
individuslly and narked over o wide rangs of
criteris (Hell 1979). Second yesr sssignments
fall somewhsre in the middle. Oue needs to giva
uarks for good ptogtam and deta design as well
as for correct results, but the susbers involved

preclude spending hours eSonizing over esch
progrem. In fect, the projects es est up
require the firet three perts to be handed in st

two wesk intervals. Each pert builds on the
next #o that it is desireble thet work handed in
on Friday be matked and returned by Mondey. o
g not to raly on the impoesibdle, end slec
baceuss typically some 408 of solutions ers not
handed in 1in final form, epecimen solutions ete
distributed end studentes ers free tO0 uge these
instesd of their own in the next phese.
Nevertheless,; epeed is & fectot.

As & finsl cowplicetion, tha matking w=may be
shated betwesn two or three people and this
weens thet & etandard must be well defined ond
understood. Thaes three requiresents of quick,
accurete; end squal oarking led to the dasign of
the systemstic method presented here.

THE METHOD

The wmethod quite openly borrows ftom e
techoique used in Pescel to make programa more
rasdebla. Instead of working in numbers,
marking schems is set up using words or phrases
to  desctibe the sessssment of tha solution under
various critarise. Once all cthe soclutions have
baen oarkad, weights ers essigned to the words
ond 8 finel matk celculaced. This mark is then
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compsred to the carlier estimates made on

impressione ead the mirks oight b2 roderated one

way or the other. The six ateps are:

1. Divide the solutions into five groups
based on evident output.

2. Set up s symbolic marking achene.

3, Hark sll the solutions sccording to the
schene.

4 Assign weights to the words used in
“rkiﬂs.

5. Calcylate s numeric mark.

6. Compare the estimated &nd calculated
sarke snd moderate if necessmary.

1. SRough Grouping
Divide the programs into groups according to

the evident output.

A+ Fully correct

B. Ansvers partially wrong

C. Incomplete output, perhaps with sn execu—
tion srror

D. Ho output = execution error in reading
phase )

B« GCompilation errore

These groups can be roughly tranelated iate
the traditionsl clagmes as follows:
A : Pirac {80%+) {unlees layout is
horrible or algorithms
nBesgy or inefficient)
B,C ; Second
or third (501=79%) (the largeet group -
£hould not get a Firat
or Fail)
D t Third .
or fail (59%=) {tricky grovp - they
must be marked on
criterfa other than
results)
{depending on the level
of the course, these
uight get zero)

2 i Fail {492-)

2. The Marking Scheme {Grading Policy)

A marking echeme is devised by selecting
five or more criteria on vhich the progroms
night differ, for exseple, the algorithm, design
of output, schievemeit, end testing. In initisl
sasignments, the criteria would ssphaoize points
such 83 nest program layout or the correct nse
of procedured and peremeters. In later assign-
sents; o quick glence st the solutions hended in
will show whether thest lessons heve been
learned and ere oo longer worth assessing
becsuse the standsrd is uniformly high.

Zoch criterion is ther wswigned a 1liet of
between two wend five poseible valyes. These
sre meoningful ‘wdjectives, appliceble borth to
the criterion snd to the eéxpected results. A
typical scheme would bes

= {right, some wrong, none,
atill reading)
output design = {as required,
improvement poasible, shortcuts,
unformatted)
= {elegant, competent, average,
messy)
achievement = {(more than enough, fullfilled
requirements, gapa left,
far too little)
testing - (conpletc, partial, inadequate)
self-contained = {yes, mo)

angwere

algorithm

Some cooments on this scheme are:

1. 1If there are no answers, the potential ocutput
design will still-be asseased.

2. In a text formatting problem, “shortcuta
would be given 1f, for exsmple, formatting
such as ventering or right-justifying was
done by spacing to sn sbaolute column number
instead of being based on the length of the
line. "Unforuatted! would be granted vhen
there 1s no centering or Justifying.
Fosaible improvements would be omall things
suck as lesving a line at the bottom of &
page before printing the page number. The
rating of the output design should not be
confuged with that for achievements.

3. The values given here for algorithm have
been found to be applicable only when the
marker is genuinely astonished at the

astandaxd. A competeat slgorithm is one in

which )

= there are no redundant or out of place
vrarisblea

= control structures are used correctly (e.g.
case, not cascading 1£°9)
= loope cover short ranges {i.e. 1f & loop ia
more than 20 lines long, part of it should
be in a procedure) N
= the inteation of each 1line 1is obvious,
with comments opl* being necessary to
indicate yet-to=be=ingcluded seztions or
modifications that might be considered.
-~ the use of the language is quietly apt,
avoiding over~-simplification and clever
tricks alike.
Moat students” algorithms fall down somewhere
and are classed as averags,
can be recognized a mile off!
4« At some stesge, one wishes to emphesize that
procedurea should be written, se far as
possible, a8a self-contained entities. This
does not just mean that theéy should have
local wvariables, but that they could be
called from different contexts and etill
produce the asgme results. This discipline
is particulsrly important in & couree vwhere
one aasignsent leads to the next. If
procedures are not self-contained, they will
have to be sltered before being lifted out of
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one progratt into another.

5. The tesring ctiterjon 1s there to ger
atudents out of rhe habie of handing in only
one rtun. Very ofren 1insrrucrors prefer a
single tun because 1t 1s lesa to wark, bur
in fact the opposite {a true. It 1is essler
to put the onus on the student to illvatrate
whdat his progran can do rarher than have eo
deduce this from the listing.

Careful considetarion must be given ro the
inreraction of individual erireria. A price
exanpl- 18 that of resting versus achievement.
If 2 Eeature 13 included, such =28 a resr Eor aa
unexpected cnd-of-Eile, rtrhen a run showing rhat
it vorks should be handed in. This can lead o
a progtan being given

achlevement » fulfilled requirements

testing = parrial T
if the end-of-Eile was checked for, bur only a
tun with correet dara was handed in. On rhe
orher hand, a ptogram thar did not make rthe
check would get

achiavement = roo litrle

testing = completre
because it had acrually tesred all cthat 1t eould
do. The welighrings for these criteris (Step 4)
would be assigned such that rthe Eirst program
would get slightly more marks.

3« Marking {(grading)

The process of marking vses two rables. On
the Eirsr, values for rhe crireria 1in the
wmatking schene are (Ei1lled in for each srudent,
with the last rwo columns, "watk” and "calculared
claass", beilng left bdlank Eor che rime being.
On the gecond table, rhe group is recorded,
alongside an "estimared class" and a comment.
The estimared class trepresents one’s gur
teaction to the studenta” eEEorrs, and 1 as far
as nany informal marking sysrems go. The
copoent lists any relevant [acrors thar would
nor  show wup in the marks and could be used ar a
larer date ro explain border-line cases. Typical
rable eneries would bes
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programa 1illusrrate. The other lista the
imporrent poinrcs rhar should be compented on in
rutorials or 1in & handout, 1including commonm
nisconceptions or interesting approaches.

4. Heights
Ouly at rhie erage are numerical valuss

ageigned ro rthe words used in clessifying trhe
atudente” acluriona. Each value 1in esch
criteria 1s assigned a weight, sc ther thes lefr
hand valuezs add uvp to the desired waxioum
mark. For mosr assignments, s wmaximue nf 20 1e
adequare, Suitable weights [or the sample
scheme above sre:

5 3 i 0
answers = (righr, somewrong, none, still rcading)
5

ourpur design = {as tequired,
improvement possible,
2 1
shorreuts, unforaerred)
. 3 1 (2)
algorichm ={eleganr, competenr, sversge, meaay)
6
achievement = {more than- eoough,
5 3
Euliilled requirements, geps leit,
i

Ear too lirrle)

1
dl:esti.ng = {eomplare, perrial, iaadequate)
1 0

Q

TABLE I
HAME ANSUERS| OUTPUT  |ALGORLTHM] ACHIEVE
Jo Mullina| righr |as required| average |ful.req
cont. |TESTING|SELF—C.] MARK]CALC.CLAS
parrisl| yea
TABLE 11
KAME CROUP} EST. COMMENT
Jo Hullins] A 1 Good use of the language

Two Eurrher lists are useful. One records
the nanes of acudents vhose programs ate worth
digtributing and nores the polnes char tche

ERIC
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o ———————————

aelfconrained = (yes, no)

The msximum mark in chis echeme 1is ectyslly
tore than 20 bacause sleagenr slgorithms and
achievemenr more then requirad should ba
rewarded by addirional serks. Thase acorms
could well bs cencelled cur by ths ascudenr
Ealling down on asome orhar aespsct, asuch As
tesring. MHore thar sven the worsr progrem muar
ger acme marks (for efforr) so rhar zero does
not appesr for every ecrirerion.

5. Cleassifying

Simple susmsriona give the scrual merks for
the firsr reble. From thass, classss am
aseigned as follows:

CLASS ; 3 HARK

1 bl 16+
1i=-1 10-19 14=15
11-2 60-6% 12-13
111 50-59 10-11
P 20-49 5-10
FF 0-19 0-4

6. Moderaring -
In rhie f£inal scep che sfforr so fer 1is

16y
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revarded by cooparing the _Chree aasessments:
= the rough grouping based on visible results
= the gut reaction clasys estimate

- the mark calulated on deteiled criceris.

If chere are violent disagresments betwean
the estisated and calculaced classes, che
weightings should be edjusted firat. Adjustment
was made in the above scheme because & program
with a very nessy elgorithm got 16 marks and
really sahould not have got a firsc, Thersfore
meany wss given a weighting of 1 instead of 2.

1 11-1 11~2 111 F

Rough 12 { 24 combined ) 9

Estimated 1l

2 13 5
Calculated 12 3 10 6. 10

The above table chows a
actual assignment given to 4l studeats.
one program improved icte rating om the
caleculated mark, while sight were demoted. The
value of the calculation wmethod 1is evident in
that close exsmination showed the estimates to
be faulty., Three progrems in Group C had ciny
errors end would have worked soon. They were
estinated at II-28. Then the scheme showed Cchat
they had shortcot or unformatted output in
addition and correctly pleced them 1in class
II1I. On the other hand, snother C program had
top marks for output, slgorithm, and achievement
which coopensated for the slightly wrong answers
and moved the clags from a II-1 (estimated) to a
I {celculated}.

EVALUATION
Although the method cakes a vwhile o

describe, in prsctice it 1ia a etresw~ lined
proceas which can enable 60 assignmente of sbout
300 lines each to be accuretely sasessed in
sbout twelve hours., The setting up of Che
schane tskes about twenty minutes end aesigaing
the weights about cen minutes. The grouping,
claseifying, and modarating take sbout an hour.
Given cthis investment, the individual solutions
can be wmarked in ten ninutes  eech. This
compares favourably with the norm of thirty
minutes for an examinetion script.

An important advaptage of the wethod is that
it alwost elimituates prejudice of any sort.
The exanple abcve was teken from Che experience
of & marker who 1s usuelly quite generous and
showed thet some 20% of the estimaces yere too
high. On the other hend, there sre some markera
who equete "very good" with 7 out of 10 and
have & wmental block egeinet giving full marks.
Hith this scheme, thay find that chey can
justify "complete" for testing in their ainds
snd Iat the calculations teke cere of themeslves.

%

comparison from an
Omly

One of che cricicisms of the method may be
thst it does not encourage a fine enough nec.
In nearly all cases, the weights in the above
example jump from 5 to 3 ¢to 1. This is
intentional. After four years experience, we
have found thet ome cannot make the fine
diecinction between an  algorithm that is
excellent, very good, good, fair or poor. These
terms 4are too vagus and are avoided in favour of
cotpetent, average and mesay, with which one can
identify a progren more resdily. Thus the marks
do tend to be discrete and categorized rather
than continuous.

Although cthe method does not provide any
built=in checks againsct plagiarism, Che fasot
pece with which programs can be marked meana
that one’s memory 1s capable of detecting
striking aimilsrities. In four years, one case
of genuine plagieriom was detected and proven.
Rumerous similar programs were found, but by
referring to the scheme, it was establishud chat
they differed 1im one or wore important details.

Using the method has definitely increased
our understanding of whac constitutes a good
program. As 8 result, our teaching has improved
and certeinly the standard of the student
programs hss risen over the years to such an
extent that we would disagree wity, Deimel and
Pozefaky [1979] who stete that “Student-written
programs accepted by computer science instructors
ares wusvally inferior to programs which exemplify
currently-accepted ‘good” professionsl practice.”
Our experience ia that students produce programs
which are just ss good, if not better, than those
in an "up=to-date progreeming shop".

Because the symbolic acheme does not have
actual marks, ic can be showm freely to studeats
80 thet they know what to aim for. The ctables
of detailed evaluations are also invaluable in
countering queries about results because the
words are all there to explain vhy the student
lost marks (e.8. shortcuts, inadequete testing).

CONCLUSICH

Thiy mechod of grading is ideal for medium
aized clessen where programming excellence is
examined by practical work, It minimizes the
effects of prejudice and provides o balanced
agsseoapent of the factors that are being
particularly astressed ac any one phase of the
project. It 1is adaptable to moat Ctypes of
projects and has been expanded and uged wich
success in pore senior clesases., It incressea
ones  understanding of good programming and
enablea one to coomunicete thie to atudents in a
handy ways FPinally, sand most iwmporcantly, it
eotsblishes confidence In asystematic asasssment
for both acaff end atudenta.
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DATA STRUCTURES AT THE ASSOCIATE DEGREE LEVEL

Richard F. Dempsey
Computer Science
The Pennsylvania State University
The Worthington Scranton Campus

bunmore,

18512

717=-961=-4757

Recent design methodologies based on
the structure of the data and the develop=-
ment of data base Mmanagement systems which
uge a wide variety of data structures add
weight to the importance 0f data storage
and processing. The fundamental role
played by data structures courses in
applied bachelors degree programs also in-
dicates its significance (1, 2, 3).
Associate degree programs that train
students to be quality entry-level
programers with sufficient background to
adjust to new trends in data processing
must provide these students with back-
ground in both internal and external data
structures (4). This paper describes the
philosophy and content of such a course
taught as part ¢f the associate degree
computer science curriculum at the
Scranton Campus of Pennsylvania State
University.

The objectives of the course are as
follows:s

1) To present the structure and
functional characteristics of external
storage devices and their impact on file
organization techniques.

2) To present concepts ¢of internal
and external sorting and searching
techniques.

3) To present the advanced COBOL
language elements agsociated with the
above.

4) To present the concepts of in=-
ternal data structures.

5) To expose the student to the use
of libraries and utility routines.

6) To make the student aware of
congiderations in the design of data
files,

This course, titled "Technigues of
Organization," is offered in the first
term of the students' second year. It is
a three-hour course. Prereguisite

courses from the first Year are:

1) 1lst term. "Introduction to
Algorithmic Processes” This course
emphasizes golving problems using the
computer as a tool. The language is
either WATFIV or PL/C.

2) 2nd term. “Computer Organization
and Programming”? This course emphasizes
the binary and decimal instruction set of
the IBM 360/370 Assembler Language. The
objective is t0 get the student to see how
the computer operates at machine level,
This provides a solid background to make
the student a better COBQOL programmer and
debugger. All programs are run on ASSIST
[described in (5)].

3} 3rxrd term. "Introduction to Data
Processing? This is not the usual course
using this title, but a high=-powered be-
ginning COBOL course. As the students
have programmed in two languages already,
this course moveg fast., It covers such
topics as table handling, SORT verb,
gequential files on disk and tape, and
REPORT=-WRITER. Emphagis is placed on
programming style, documentation, and
quality of code. Structured programming
is emphasized throughout. The programs
are typical jata processing problems.

The students now have a solid, basic
Erogramminq background. Through the
Technigques in Organization® course, this
background will be reinforced while they
learn t¢ handle data in new ways. The
material in this course is presented with
an applications orientation and a minimum
of theory. The objective is to give the
student a working knowledge of data
organizations and experience at using them.
Some topics will simply be introduced and
reinforced in following courses.

The order of presentation of the
topics in this course is not always the
same. The nature of the programming
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agsignments, shifts in emphasis due to new
trends in data procesaing, and the makeup
of the class itself all affect the arrange-
ment of topics, These topics, with
approximate times in parenthesis, are:

Topic 1. Indexed Sequential Files
{1.5 weeks) A thorough working knowledge
of ISAM 18 expected, Some time is spent on
the physical aspects Of ISAM files 80 that
the students are aware of what is physical-
ly happening. The pros and cons of ISAM
files and the options available within it
are discussed. The elements of COBOL
needed tO process ISAM flles are presented.

Toplc 2, Dlrect access files {1 week)
Both relative and direct files are covered.
The concept of hashing 1s introduced. The
pros and cons of direct access files are
discussed in relationship to the other file
organizations, The COBOL elements needed
to process these files are also presented.

Topic 3. VSAM files (1 week) VSAM
files are discussed, with major emphasis on
the KSDS format, The physical character-
istics are presented and compared to those
of ISAM. Comparison 1s also made at the
COBOL language level between ISAM and VSAM,

Topic 4, Sorting {1l week} External
sorts are covered briefly. One or two
techniques are looked at so that the stu-
dent can S8ee the nature of what takes place
in an external sort, No atterpts are mede
to teach the student how to write an
external sort. Internal sorts are also
discuased., In the first year the student
has programmed at least one internal sort,
such as the bubble sort, Discussicn here
is held to the relative efficiency of such
sorts in relationship to data set size, A
sorting techniqgue, such as Quicksort, is
presented as an example of a sort for
larger, internal data sets,

Toplc 5. Internal Data Structures {3
weeks) Problems are discussed that empha~
gize some of the limitations and problems
resulting from using only the basic inter-~
nal storage technigues covered in the
language courses, This discussion leads
into a working level presentation on linear
lists, stacks, queues, singly and doubly
linked lists, trees, and inverted lists,
Algorithms for handling some of these
factors, as wall as ways of manipulating
and allocating storage for them in COBOL
are examined.

Internal and external data structures
are compared, For example, a good tle-in
of the similarities and differences would
be an ilnvestigation of how a get of records
that need a tree structure relationship can
be stored Oon external files using wvarious
file organizations, By this time the
students are getting a good grasp of data
oxganization and its impact on programming
efforts, which should provide them with a
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good basis for what is happening in most of
the data base management systems they will
surely face. Such knowledge is essential
to making effactive use of these systems.

Topic 6, Searching (1l week) A short
time is spent on various searching tech-
niques as they relate t0 the various data
structures, This discussion further en-
hances the students' understanding of the
significance of storing data in different
forms,

Slotted with these six main topics are
some others, basically for programming
purposes, Partitioned data sets are intro-
duced to allow the use of libraries and the
COPY verb, These libraries are created for
the students, but the JCL and control |
statements for IEBUPDTE are explained,
JCL and COBOL statements tO handle sub-
programs are also presented.

The

The programming assignments for the
course are all done in COBOIL. Students are
given all needed JCL, but all elements of
it are explained so they see the reason for
each element of each JCL statement., All
programs must be structured and completely
documented, They are evaluated on quality
and correctness, - )

Typical programming assignments ares

Prog., 1. An input edit routine that
creates a sequential file on disk of the
valid records, This file is then sorted
in g second step by calling the system
SORT/MERGE package wvia JCL,

Prog, 2, An ISAM file created from
the output of Prog, 1, Libraries and the
COPY verb are introduced.

Prog, 3. A report produced by sequen-
tially proceasing the ISAM file from Prog.
2, This assignment introduces the use of
the IEBISAM utility to allow keeping an
ISAM file as & sequential file, (Students
are not allowed to keep permanent files on
our system).

Prog, 4., A random update, including
adds, deletes. and updates, processed
against the ISAM file from Prog. 2.

Prog, 5, A three-step program that
creates, updates, and produces a report
from a relative file,

Prog, 6, A program to implement the
Quicksort algorithm discussed in class,.
This assignment requires the use of COBOL
subroutines and stacks.

Prog, 7. A program to build and
manlpulate a singly linked list,

Some of the topics, such as direct
files and trees, are not implemented in
this course, The next course, covering ad-
vanced assembler, advanced debugging,
utilities, and JCL, provides an excellent

Elace for students to write programs using
hese concepts.
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This course covers a lot of material
in a tern-wezk ierm. Care must be taken not
to get too ueep into topics that don't
mexrit the attention in relationship to
other toplcs. Creating more than one
course for the material is difficult as
there are only six basic computer sclence
courses plus a projects course in our
curriculum. This limited number of
courses results from the University's
strong belief in the total education of
the studert and concnrs with the guide-
lines set forth by +he ACM SIGCSE paper on
associate degree puograms (6).

A major problem with this course is
the lack of a sultable textbocok to cover
such a broad range of topics. Most books
only cover a subset of these topics and
even then tend to be too elementary or too
theoretical. The topic of internal data
structures has proven to be a significant
problem in :his area. Barrodale et al (7)
has a nice approach for our applications
level but is not detailed enough! most
other data structures books are too de-
taiied an® theoretical.

This course has kept many computer
science majors off-the streets a night or
two, but the material and programs have
provided a soll) background for our
graduates. They become productive almost
immediately upon employment in such arean
as application progranming and technical

support. Several hi ve been able to use
the course as & springboard inte data base
systems. This practical applications-

level study of the area of data storage and
organization has given them the =xperience
and confidence to be quality members of

the data processing field and to adiust
qgickly toc the changing demands of their
field.
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vol. 11, No. 3, Sept. 1979, pp. 1l1-13,
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? lled Computer Science/Systens
o _.amming Approach to Teaching Data
Structures," SIGCES Bulletin, Vol.
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3. Beidler, John and John Melnke, "2
Software Tool For Teaching Data
Structures.” SIGCSE Bulletin., Vvol.
19, No. 3, Aug. 1978, pp. 120-122.

4. Little, Joyce Currie, "Computer Educa-
tion and Community Colleges,"
Interface, vol. 1, Issue 1, Winter
1373, pp. li-16.

5. Overbeek. R. A, and W. E. Singletany.
Aggembler Languags with ASSIST,
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ates, 1976,

6. Little, Joyce Currie et al, "Curricu-
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Integrating Computing into K-12 Curriculum

THE SCARSDALE PROJECT

INTEGRATING COMP"TING INTQ THE K-12 CURRICULUM

Thomas Sobol, Superintendent of Schools, Scarsdale, N. Y.

Robert Taylor. Teachers College, Columbia University, N. Y., N. Y.

Introduction

Within a few years every child in
America is likely to have at least one
persenal computer., The potential impact
upcen schools staggers the imagination. At
the least, it is likely to move the focus
of education fron end product to process
and raisz visual and auditory forms of
information to a status rivalling that of
wtitten language. Because ideas can be
presented, explored, and expanded by human
inteiraction with the computer, computing
is certain te transform the schools from
kindergarten upwardss its impact will be
a8 broad and deep as any intellectual
innovation in recorded history, including
printing. In addition to traditional

communication, teachers and pupils will
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communiccte through tpe computer
immediately apnd dynamically: in word,
picturer and sound, with each other and
with others throughout the community whom
they will never meet face-to-face. Thus
the nature of the communication wil) be
trensformed and the range of participants

will be startlingly enlarged.

This stage of mags computer yse was
forseaen Years agos it arrives at last
because computers have been improved,
made smaller, and produced considerably
cheaper over the last five years. Yet
many of the guestions raised in the minds
of those who foresaw what was coming
remain unanswered. How will use of
computers affect the child's development?

What are appropriate languages for young

1&g
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children to use jip talking

to computers? yhat devices other than the
traditjonal keyboard and screen or
terminal/printer can, when attached to a
computer, maximize its educational utility
for the Youny child? w®hat should teachers
know about computers? How expert should a
teacher be jn computing to make reasonably
effective use of it jn teaching and
learning? What is the teacher'’s role in a
classroom where every student has free
accesg to seductively engrossing computer
pou;r? What is the jimpact of computer
games on the child and what ro. should
such games have in the school? When
should the computer be used as a tool.

when as a tutor, and when as a tutee?

Little signjificaat research has been
done On mogt Of these Questions. even by
plioneers in computing and education. The
research Epat has been done focuses on a
narrow subset of the issues such as the
effectiveness of computerized drill and
practice jpn arithmetic or spelling. There
are few clear answers 30 far: cften what
are advanced as answers are little more
than strongly held hypotheses. There is
no ready-made curciculum, even in outline}
there are po coherent texts: there is
little avajlable teacher training; and

there i3 ljttle public understanding of
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what changes computing might promote jn

education.

Given all these unknowns, {f a public
school system takes the transforming
impact of computing seriouslyr where does
it begin? Who does what with whonm. at
what cost and with what type of success?
Though ljttle research has been performed,
though many more questions have been
rajised than have been answered, apnd though
nothing like a comprehensive intergration
of computing into the currjculum has been
formulated, the computers are here.
exciting possiblities beckon. To do
nothing {s unthinkable. This paper

reports one school system’s response.
The Scarsdale Project

Two years ago ¢tudents and teachers
in Scarsdale:s NY, were doing little with
computers. Three or four terminals in an
old offjce in the High School offered
computer games to a handfrl of computer
freaks, the terminals were down as often
as they were up, and nobody seemed to
understand what the freaks were talking
about. Purthermore, inflation and
declining enrollment had taken thejr toll
in the school system: summer school and
driver educatjon had been abandoned, and

other programs were threatened. The time

Fo L)
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hardly seemed ripe for a brave new
curriculum venture in computing or

anything else.

fowever the community does enioy an
enlightened citizenry and teaching
faculty. Many were aware, however dimly,
that computers were transforming the
gociety and that they ought to be
transforming the schools ag well.
nccordingiy. in early 1978 the Scarsdale
Roard of Education appointed a citizen's
advisory committee to make recommendationt
concerning the use ¢f computers and
computing in the schools. The committee's
report, which Jave the Board a platform
for actioa, recommended that computing be
introduced into the curriculum throughout
the achool system and that appropriate
steps be taken to purchase necegsary
equipment and to train teachers in its
uge, The committee also recommended that
the district engage a qualified consultant
to help in the effort. work began

inmediately.

We believed the project ghould begin
with the education of teachers = -as many
of them, aystem-wide, ag possible. Too
many gchool ventures in the past had
foundered hecause ®-re money had been
spent on expensive eguipment than in

helping people prepare themselves to uge
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it. However, district history suggested
that simply requiring teachers to take 3
new in-service course would not accomplish
everything. Grass-roots support, from
both teaching staff and community, would
also be essential if the project were to

succeed,

1978/1974

In the fall the District convened a
steering committee consisting of about a
dozen teachers and principals. Committee
members were charged with keeping their
colleagues informed of developments,
reviewing;progress. drawing up statements
of assumptions and goals, and making
recommendations f£or the pur.hase of more
equipment when appropriate. wWith the
consultant, this committee reviewed the
Advisory Committee report, made plans for
the first in-gervice education efforts and

decided op immediate hardware purchase,

The committee swiftly acted to
acquire hardware, poth to have it
available for the teacher training and to
satisfy some long-standing student demands
in the high school. However, the
committee decided to limit first-year
acquisition to a minimum in the belief
that they could better make guch decisions

after they themselves had had a year of
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training ang experienc’ with computers.
Because it was not clear that any one
microcomputer would be best for
everything, a mixture was acquired: four
Apples, fise Pets, and one TRS 80. As
anticipated, the variety provided good
exper fence in making later acquisition

decisions.

As winter approached, Dr. Taylor met
with all teacherg in the school system to
‘provide an overview of contemporary
computer technology and ite implications
for teaching and learning. (The teachers
actually met in several groups rather than
in a single block: English and Foreign
Language: Social Studies, Art, and Mugic?
Math and Sciencesiand Elementary. The
purpose.of these overview meetings was to
inform teachers about the long range
prospects and to build their enthusiasm
for beginning training. All teachers were
then invited to participate in the
in-service course scheduled for 8 two-hour

sessions throughout the winter months.

There were three main objectives to
this first course: {1} to introduce the
teachers to the rudimentary concepts of
programming, (2) to get them over their
fear and accustomed to usging
nicrocomputers, and (3) to detter inform

them of some potential uses of computers
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in the classroom. Pirst: FPL, an language
developed at Teachers College to teach
programming, and BASIC were used £0 teach
the crucial elements of programming.
Second: scheduled use of the ten
microprocessors was built into the course
50 that every teacher participating had to
uge them to finish the course. Third,
selected articles by pioneers of computing
and education were read and briefly

discussed.

Formally. the course was offered
jointly by the district and by Teachers
College: Columbia University. The
participants could take the course for
‘Peachers College credit if they paid
tuition, for local school credit if they
paid the nominal teachers institute fee.
or for no credit, without charge. Of a
faculty of 330, 122 enrolled, including
several principals and the superintendent.
By the end of this course in late spring.
one third of the Scarsdale faculty had at
least some familiarity with computer
programming and some hands on experience

with a jommon microprocessor.

Maanwhile, meetinygs were held with
parent-teacher groups and with members of
the local press to explain the purposes of
the project and to develop community

support. When time came to prepare 2 new

1¢5
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school budget, the Board of Education had
no trouble in i.~reasing its appropriation
for computer equipment and additional

training.

Determining the next steps was less
easy. it is one thing to provide some
teachers with an exciting introduction to
computing, guite another to modify an h
entire curriculum by integrating computing
into it. The vision shared by the authors
and the steering committee was only
generals computing should be 1ncorPGrated
into the curriculum. The problem was to
refine this general goal into specific,
detailed sub-goals. This task was all the
more difficult because most members of the
steering committee admittedly were not
experienced in current computing
technology let zlone expert enough to
predict what computers would be like two
Or more Years into the plan when the
curriculum changes nmight be realized.

Nevertheless, planning proceeded.

To clarify what was underway, three
documents (Appendices A, B, and C) were
produced: & statement of assumptions, a
set of curriculum goals, and 2 rough plan
for managing project activity over a
four~year period. Though almost
immediately outdated by experience and

events, these documents and the thinking
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behind them were essential foundations for
further thinking and for much of the

action that made them obsolete.

137971980

During the summer of 197% a small
group of teachers was paid to develop
programming exercises for fifth and sixth
grade children. (At this writing, at
mid-year, many pupils have already raced
through this material. despite the fact
that till quite recently it might have
been considered stri;tly high-achool level
material.) Based on the experience gained
with vusing the first, mixed batch of
microcomputers: the district selected and
acquired 19 pore: 15 purchased from
gchool funds, two donated by an outside
agency, and two purchased by parent
groups. Bech schcol then had a minimum of
at least two machines. More were placed
in the junior and gsenior high school and
full-time aldes were hired there to staff

a computing center in each.

Theoughduc the school year the
Scarsdale Teachers Institute {the
in~service education teacher~run,
teacher-serving prograg which jointly
sponsored the first¢ formal introductory
computing course] has offered a series of

mini-courses in programming in BASIC)

L
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certain junior and senior high school
teachers (primarily in math and science}
have begun exploratory use of computers in
their classes: & concerted effort has
been made to introduce computing and
programming to all fifth and sixth grade
pupils in their classes; a selected group
of K~2 teachers have begun to explore
dynamic graphics applications in beginning
reading and mathematics in their classes;
and formal in-service work of several
kinds has been continuing. At the same
time, planning for subsequent years

continued on various fronts.

Reaylta

What has been accomplished thus far?
To begin with, nearly one third of a
district faculty which two years ago knew
little or nothing about computers now
knows the rudiments of programming, has
lost most of its fear, and is beginmning to
tryY nmew things. A small cadre 0f teachers
has become enthuélastic and inereasingly
knowledgeable and gives promise of
leadership in the years ahead. Many
pupils from the elementary gradea through
the high school have acquired a beginning
knowledge of the computer‘'s capabilities
and of their own capacity to get the
computer to help them think. Computer

hardware exists ipn all the distriet's
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schools, with pore to follow. &nd there
is a broadening base of understanding and
support of the project throughout the

community.
Problems encauntered

Any innovative project encounters
inertia after the first enthusiastic push.
Scarsdale now faces the problem of what to
do about the two thirdg of the faculty who
have not learned about computers -- and
what to do about the hundreds of
enthusiastic children who have learned
about them but must, perforce, be assigned
t0 the classes 0f teachers who have not.
There is the problem of providing support
to the willing teacher who is learning but-
who needs help. There is the ubiquitous
problem of moneyY and of acquiring hardware

as rapidly as it can be used.

And there is one other, more subtle
problem that must perhaps beset all such
ventures in computer education until the
shape of the future is more clearly
revealed. Computers have the power to
change the ways in which people acquire
and extend knowledge, just as writing
changed such ways millenia ago. But until
we know better how those ways will change
and how a school should be reorganized to

capitalize upon those new ways, computer




technology is in danger of simply being
harnessed foé the pursuit of present goals
within present modes of operation. To
employ computers thus i8 to miss much of
the revolutiopary potential they represent
and to heavily damp the enthusiasm and
insight they might otherwise foster in
children. To finish by using computers
for little more than enhancement within
the traditional curriculum and the
presuppositions implicit in it would be
tragic. The challenge Scarsdale and every
other school or school district faces is

to be sure this doesn't happen.

The Goal

Using computing to practice
mathematics and language skills in
traditional curricula is helpful but
primitive, almost like using televison
primarily to display pageg from textbooks.
Serious questions must be raised about
mere productivity of educational
approaches which limit vigions 6f computer
application to such narrow horizons. Some
of the gkills for which computer
assistance is so easily designed may
actually be of significantly less
importance as compfuter access continues to
increase. Hampered by ignorance, enticed
by expectation. Scarsdale seeks a grander

goals to become 80 comfortable with

“
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computing that our understanding of it

will naturally reshape the way we think

about evervything. .
Concluding advige to other school
districts

#What might others learn from this
project's successes and problems? We

suggest the following:

1) Begin with people, not equipment.
The eager person who wants the
machine and is ready to employ it is
more valuable and catalytic than the

wachine that no one understands,

2) Develop broad support throughout

your community and teaching staff.

3) EBngage in on going, system-wide
planning. Do not leave matters to
an individual school or department

or to an cutside consultant.

4) Use a consultant or consultants who
can bring not only technical
knowledge of computers, but an
understanding of schools and the way
people pyse their minds and

imaginations.

5) Concentrate resources of time,
monéy: and attention on the project.

In this way you can achieve a gense

17
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of purpose and direction despite the
shrinking you may be guffering

elsewhere in the system.

Don't wait for the perfect computer;
current machines despite their costs
and limitations are a perfectly good
introductory device for teacher
training and pupil experimentation.
3 great geal must be learned now 1f
better machines are to be well
employed when they do become

available.

Don‘t limit yourself co one type of
machine; get experlence with
several. A8 cheaper, more powerful
ones bow in, you will have a better
experiential background by whiech to

judge them.

Find out what you can do with the
hardware as 1t stands, then do it.
Don't always wait for expert
gsoftware; both teachers and
children can learn powerful things
from exploring a machine's basle
capabilities to plot, edit, speak,

delete, and so forth.

Appendix 2
Assumptions re compuyters and
computing in instruction

1) The influence of computing on human

life and on the entire planet’s
development will continue to
lncrease exponentially £or the

foreseeable future.

2} all pupils should be educafed to cope

with this growing influence; as
many pupils as possible ghould be
educated to master computing and to

use it ereatively.

3} Such educating toward computing shoulad

be general rather chan specfic
since hardware and software changes
will continue t¢ oceur at such a
rapld rate that specific training
will rapidly become obsolete.

4) AnY human being of normal intelligence

can understard the fundamental
prineciples of computers and
computing, can operate computers,
and can learn to write gimple

computer programs.

5} Pupils ghould begin learning about

computers and computing from the
time‘they first enter school and

should continue guch learning




throughout the grades.

6) Pupils should also use computers as an
2id to other studies, in the
humanitiés and social sci€nces and
the fine arts, as well as in

mathematics and natural science.

7) Pupils Jearn to use computers by using
computers. The use of computers
should be as thorougly integrated
into the gchool program as the use

of pencils or chalk.

8) Computers are both an object and an
instrument of learning.
Traditionally we study writing to
learn how to write, and we use
writing to refine thought and
express feeling. So too should we
study computers to learn how to use
them a;nd use computers to extend

and refine our thinking.

9) If pupils are to learn about computers
and computing, their teachers must
lear; about computers and
computing. If all pupils are to
learn about computers and
computing, all teachers must learn

about computers apd computing.
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10) Computer hardware will become
increasingly less expensive, and
[ ]
both hardware and software will

become increasingly available.

11} Computers can serve as tutors,
teaching us skills and information
according to programé written by
others. Computers can also serve
as tools, analyzing data,
performing calculations, and so
forth. &and they can serve as
tutuees as we teach them to solve
problems, compose musie, ete. Each
use has its place, but the most

important iz the last.

12) Programming computers requires logie
and precision. ‘pupils who learn to
program computers practice logie

and precision.

13} The study of computers and computing
does not run counter to the spirit
of humane studies and the exercise
of free, creative intelligence. On
the contrary. it extends and
deepens them by extending the power
of the human mind and may foster a
much needed dimension to our

intelligence,
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Appendix B 3.

Curriculum
N\
1. ¥Prom kin@ergarten through high school,

at increasing levels of
soPhisticstion, pupils should learn
the fundamental principles of
computers and computing. Some
pupils should learn to write simple
computer programs in elementary
school; all pupils should learn to
write simple computer programs
before the end of their junior high
school years. 1In grades 9 or 10
all pupils should complete a
one-gemester course in computing,
computer sciencer and the social
issues raised by computer
technology. Other high school 4,
computer studies should be oriented
towards computer skills which
students will need in collegers such
as computer applications in

numer fcal analysis and stavistics.

2. Prom kindergarten through high school
pupils should use increasingly
sophisticated calculating and
computing devices as an aid in
study.ng mathematics, science, and

other subjects.

Throughout the grades interested

pupils should have opportunities teo
extend and enrich their knowledge
of computer programming. In the
elementary schols these
opportunities might take the form
of after-school workshops or
special individual or group
projects: in the junior high
schools of projects, mini~courses.

or glub activities: in the high

-8chool, of specialized elective

courses, projects, or g¢lub
activities.
(How can we make this item more

specific?)

Interested high school pupils should

A
. tJ

also have the opportunity to study
computer sciencer computer

technology, and data processing.




. Appendix C
Curriculum: Pour-Year Planp
1978-79

Elementary: None.
Junior High: Computer club plus?

High School: Computer Center open.
Computers used in
science courses.

lat semester: Introductory
Computer Course.

Computers & mathematical
application course 442
- 1/2 credit, 1
semester course.

Computer used in 9th grade math

Computer Club makes much use of
center.

1979-80
Elementary:

1. “Three week mini-~course for
intermediate students
rotates among five
elementary schools.

2, Consultent and 2-4 primary
teachers work with K-3
students.

Junior High:

a. Rach 8th grader has an
equivalent of cne week
mini-course on
computers {(hands~on).

b. Bach 8th 9rader has two week
computer/literacy
course in spring as
part of social studies
curriculum.

High Schools

Introductory programming (2
semesters) .

Advanced programming courses
developed.

Integrating Computing into K-12 Curriculum

Computers used in science courses.

Computer applications in math
developed.

Independent study projects
available.

Computer Club active.‘
1980-81

Elementary:

Mini-courses for 5th/6th graders:
most have hands-on time
with desk-tops during
hoth years.
Increased/experimental
activity at primary
grades. Units for
primary grades included
in social studies,
science currciculum
guides.

Junior High:

Units on computers in social
studies technology
units.

Computer units in math courses both
years.

Active Computer Club.

High school:

All before continues.

Increased computer use in social
studies, busineas, and
science courses.

1981-82

Elementary!

Mini-courses for all 5 -6 graders,
all have oOpportunity
for hands-on computer
work.

Activities for primary grades
included in gocial
studies, acience, and
math guides.

Junior Highs

Continuation of 1980-81.

High School:

170
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Continuation of 1980-51. Expanded
use of computers in
non—-math departments.

Staff Development: Pour Year Pl
?9?3-13

First Semester.

a, Consultant meets with staff in
various formats.

b. Guest speakers meet with staff.

¢, Committee reads, discusses,
meets, and argues.
Engageg others not on
committee in similar
conversations.

Second Semester.

a. Consultant continues to meet
with gtaff.

b. Consultant teaches literacy
course in Scarsdale.

Paculty visits other schools to
examine yse of
computers.

Issues: What do we want kids to
knows

What learnings are appropriate for
each age?

How do we best teach about
computers?

How do we go about organizing
ourselves?

How do we involve the entire staff?
1979-80

a. Consultant advises computer
committee and others.

b. Advanced seminar for those who
had first course.

¢. Four gesgion course on BASIC
for novices and
literacy graduateg
{Sept./Oct.).

¢. PFollow-up mini~courses on
educational
applications &
programming led by
in-houge staff (Nov. -

Pebruary) .
Course on graphics and musie.

Guest speakers - Computer
literacy.

Visits to other schools on an
expanded basis.

Social studies, science, and

: business faculty gain
experience with

simulation materials

through BOCES ecourse.

Send one or two to computer
repair school.

Course On programming for Cal
{2nd semester).
1980-81

Consultant continues support
group on computers.

One or two faculty take
advanced college
courges.

Course in PORTRAN, ete.,
offered to all with
previoug experience.

Introductory BASIC course
repeated for thosge with
-no computer experience.

Release-time workshopg for
those with no computer
experience.

LOGO on the APPLE course for
elementary school
teachers.

CAl programming coursge.

TASKS
1978-79

Prepare statement of
agpirations.

Educate ourselves.

Design structure to involve®
entire district.

Plan and implement gystem-wide
in~gervice program.
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5. Plan 1979-80 computer budget 2, Continued expansion of
{16,000) curriculum off.rings.
6, Purchase 1979-80 computers and 3, Plan 1981-82 computer budget,
software.,
4, Make 1981-82 purchases.
7, Design courses at high school 1981-a2
level, ]
] 1. High gchool curriculum in
8, Plan 3-4 yr. purchasing place.
program for computers, 1
. 2, Junior high curricuium in
9, Design a mini-course for place.
elementary students,
1974-80" 3, Elementary curriculum in place.
1, Continue system-wide general 4, Write computer scope and
education. sequence,

2, Provide follow-through
in-gervice for
teachers.

3, Plan 1980-8i budget {21,000 for
hardware, software),

4, Make 1980-81 purchases.

5, Design courses at high school
level,

6, Pilot units at ju-ior high

level during 2nd
. semester,

7, Pilot mini-courses at
elementary gchool upper
grade level,

Experiment at primary
level; expand primary
level computer use,

teach technelogy unit.

8, Develop maintenance procedures,

9, Integrate computers into
expanded 5th grade
technolegy unit.

10. Integrate calculators, -
computers into math
curriculum.

11, Search for and write grant for
computers.

12, Examine software.
1980-81

1, Pocus in-service on advanced
courses,

‘\I
Ly
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INTEGRATING COMPUTING INTO K-12 CURRICULUM

Beverly Hunter

Human Resources Research Organization
300 North vlashington Street
Alexandria, virginia 22314

(703} 549-3611

ABSTRACT

Ristorically, schools and school dis-
tricts have employed a wide variety of
strategies to integrate computer-relazed
activities into the curriculum. Severc.l
such strategies are reviewed, based upon
a national sample. The need for a compre—-
hensive computer literac curriculum,
¥-12, is described. {an to infuse
computer literacy objhctives and activ-
ities into the traditional curriculum is
set forth. Implications of such a plan
on teacher training and curricular mate-
rials ave discussed.

Catherine E. Morgan

Dept. of Instructional Planning and
bDevelopment

Montgomery County Public Schools
850 Hungerford Drive

Rockville, Maryland 20850

(301} 279-~3321

ABSTRACT -

Computer-based instruction in the Mont-
gomery County Public Schocls, a large
public school system, includes cimputer-
assisted and computer-managed instruc-
tion, computer literacy, computer math~
ematics, and problem solving. ‘The inter-
active use of computers for children
begins as early as third grade while the
management system in mathematics monitors
individual studen: progress from kinder-
garter.

x,
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dﬁﬂNDING ACADEMIC COMPUTING PROGRAMS

Sheldon P.

Goradon

Suffolk County Community College
Selden, New York 117384

Lawrence Oliver
Naticnal Science Foundation

HWashington, D.C. 20550

ABSTRACT

At most institutions, the single most
critical problem in the development, imple-
mentation, maintenance, or expansion of any
academic computing program is lack of money.
This presentation will focus on a variety
of possible solutions to this problem. A
number of alternate sources of funding,
including grants from private foundations,
grants from government agencies, and
contributions from local business and
industry, will be discussed. Primary
attention will be devoted to the most
likely source of outside funding, namely
governmant gro.nts, especially those
availabl- through the National Science
Foundation. In patiiicular, details will

be provided about the respective objectives
and limitations on those NSF programs that
would most likely sponsor various types of

computer oriented activities. These would
include CAUSE {(Comprehensive Assistance to
Undergraduate Science Education), LOCI
{Local Course *mprovement), ISEP (Instruc-
tional Scientific Equipmert Program), and
MISIP (Minority Institution Science
Inprovement Progran .

In addition, the presentation will
include a discussion 2f some of the
important do's and don'ts connected with
proposal writing, and will relate them to
the process of grint review as conducted
by the NSF.
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TECHNIQUES FOR INSTRUCTIGNAL SOFTWARE
DEVELOPMENT USING MICROCOMUTERS

Kevin Hausmann
Minpnesota Bducational Computing Consortium
2520 Broadway brive
5t. Paul, Minnesota 55113

ABSTRACT

A3 microcomputers become more and more
available and easy to use, more and more
people will be designing and writing soft-
ware for them. Before a project is begun,
however, there are several obvious but often
gotten considerations:

1) 1Is this a reasonable application for

a microcomputer?
2) What are the limitations of my

egquipment?

3) What modes of interaction should
be used?

4) What support materials may be
required?

Once the analysis phase ls completed.
the design and layout stage may begin.
Design should center primarily on the
organizational content and division of
the material. Also at the design stage,
one should consider the mode of presentation
of the material. So far, all the time
spent on the project has not involved any
time programming the microcomputer.

After the design is planned out, one
enters the implementation stage.

Briefly, some items to consider here
include:

1) Adequate spacing of material on the
screen.

2} Efficient movement between frames.

3) Effective presentation technigues.

4) Good ways to ask questi~ns.

5) Effective feedback for answers.

6) Adeguate ar? appropriate use of
graphics and other special features
of the microcomputer.

After an application is developed and
written, it is very important to adequately
test the program. Many times this is best
done by watching someone use the program
who is totally unfamiliar with it.

More detailcd written material of this
nature is available from the Minnesota
Educational Computing Consortium, 2520
Broadway Drive, 5t. Paul, Minnesota 55113.
Ask for the AppPle Authoring Guidelines.
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A IIETHOD FOR EXPERIMENTING
. WITH CALCULUS USING
+ COMPUTER-ASSISTED INSTRUCTION

Frank D, Anger & Rita V. Rodriguez

Department of Mathematics

University of Puerto Rico
Rio Piedras, Puerto Rico 00931

(808 764-0000

INTRODUCTION Second, the project introduced or
The project which is the object of advanced sweeping changes in the curricu-
this report was carried out in the la- lum. Rather than simplv paste onh a little
culty of Kacvural Science &t the Univer- computer-assisted instruction (CAI}, we
sity of Puerto Rico, Rio Piedras campus, took into account the full importance of
during the years '976 to 197%. The Na- the compiuter to modern science and in
tional Scienc. P..: lation sponsored the particular to the working scientist. Thus,
project throwgh its Minority Institotions programming was made mandatory for all
Science Improvement Program (MISIP), majors in the faculty, CAI was Introduced
making possible a wnole new aspect of in all basic scienze courses, and inter-
instruction and learning for 1600 stu- active computer utilities were made avail-
dents. Although the piesent paper will able.for students of certain advanced
concentrate on the computer-assisted laboratories. In the calculus courses,
instruction modules developed for the greater emphasis was placed on the use of
introductory calculus course that we the calculatoer and on the numerical metiods
believe are innovative themselves, we of calculus.
must begin by descrabing briefly a few Pinally, the project created the Na-
points which make tnis project, as a tural Science Academic Computer Center
visle, unique. headed by a member of the faculty and
Firet of all, as the composition staffed exclusively by students. Rather
of the student body is that of the than implanting a ready-made system to
Spanish-speaking culture of Puerto Rico, which students have recourse, we thereby
the various materials of the project created an organic extenulon of the stu-
were produced in Spanish. In addition, dents' environment, providing ther imme-
experience has shown that although UPR *diate incentives for probing deeper into
mantains a selective admissions policy, the uses and operation of computers. This
entering students are freguently defi- last. araa has been one of the high woints
cient in analytic akills and in expe- of :he project. (4)
rience with methods of gcientific
inquiry. Inadequate or, fregquently. THE MATHEMATICS COMPONENT
incorrect preparation may lead a studen’. The project developed in an orderly
to frustration or failure when faced series of stages, beginning with the
with laboratory or problem-solving si- training of staff, the search for appropriate
tuations. hardware, and various necesgsary
Q LXA
ERIC >,
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administrative measures. Although every
part of the project seemad to be fraught
with unexpected difficulties, the faculty
as a whole responded more positively than
expected, and their cooperation along with
that of variocus student assistants kept
things moving forward at all times. 1In
the Mathematics Department, the necessary
changes and investment of time were the
greatest, since to *his department Sell
the full weight of training professcrs
and implementing the new programming course
requirement for the whole faculty. We soon
realized that the applications in the dif-
ferent discip’ines involved were better
handled by tw. new programming courses
rather than by the old course {see Pigures
l.a and l.b}. fThe pre-medical and biolog-
ical science students were better served
with a programming course that would in-
clude data gathering., statistics,  and
examples in their own discipline. There
are many packaged programs that, with some
programming knowledge, the student may
easily adapt t¢ his needs. On the other
hand, the physics, chemistry, and mathe-
matics majors were to be taught more
sophisticated programming, azlso wit' exam-
ples from these disciplines.

To train more of the faculty members
in PL/1l, programming seminars were given.
We chose the PL/1 language in particular
because we believe that it is extensive
encugh that the student who knows it may
teach himself whatever language the ma-
chine he hags at hand uses. Parallel tc
this, the calculus course was divided
into two courses: the first, as in the
programning course, designed to serve the
pre-medical and biclogical science stu-
dents and the second to serve physics,
chemistry, and mathematics majors (see
Fig. l.a and 1.b). <These divisions re-
spond to long~standing curricular tensions
in a faculty in which about two thirds of
the students will go no further in mathe=
matics than the first semester of calcu-
lus while the other third will need at
least two or three semesters of more
advanced mathematics.

THE COMPUTER-ASSISTED INSTRUCTION FOR
CALCULUS

The major reason for the implementa-
tion of CAI at the University of Puerto
Rico was to combat a lack of analytical
skills and to overcome, to whatever extent
possible in such a limited program, the
tendency toward rote learning and memori-
zation as the basis of learning. We de-
g:red, moreover, “0 avoid doing with the
computer what could be done equally wéll
or better by more traditional methods,
with the possible exception of the one~to-

one tutorial. Thus, we sought thiee hwsic
things from each modula:

l. It should perform some graphic
or numerical simulation of some funda-
mental process, concept, or technique.

2. 1t should be highly interactive
and opeén ended, allowing the student some
freedom to experiment with the concept
undexr investigation.

3. It should minimize the difficul-
ties faced by the student using the com-
puter.

These okjectives have much more ¢b-
vious implementations in the eXMperimental
sciences than they have in mathematics,
and we feel that there is still much room
for exploration and development in this
direction. Nonetheless it is herein that
we feel much of the novelty and value of
our modules lies. i

Math 211
Calculugs I P

Math 103 Math 104 3 credits
Precalculus I =% Precaleulus IX \\J —

4 credits 4 credits Math 10:;
Figure 1(a) Previous Basic Mathematics |11 oS onming

Sequence

3 credits

Yath 100 Math 217
Femedia ) Programming
Math with Satistics
3 3 credits

crechits Math 218
, at
Figure 1({b} New Programming |y...
Basic Mathematics N redite. [
Sequence

Before the actual structure and con-
tent of the individual modules are dis-
cusgsed, it will be instructive to loock at
some Of the story of their development.
At the start of the project we wrote to
numercus publishers and universities in
order to obtain information on texts and
already existing CAI for calculus couses.
Although we then found some interesting
supplementary texts, it soon became ap-
parent that very little ha? been done for
calculus like the interactive programs
that we envisioned. Algebra, statistics,
and linear algebra seemed t0 be the areas
that had attracted the most effort for a
variety of reasons running from the size
of the student populace to the appropri-
ateness of the material for programming.
We found the nearest thing to ocur aspira-
tions at Georgia Institute of Technology
where Dr. J. €. Currie and a small qroup
had developed some rather brief progqrams
for illustrating limits, derivatives, ap~
proximate areas, and other topics along
with a driver program which we totally
failed to appreciate at the time. (§) Far
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more imprzssive things had been dore for
logic at Ohlo State Universgity, for sta-
tistice at University of Akron, and for
non-mathematical subjects in many othar
places: we wanted to see something similar
done for calculus.

As we learned more apout the diffi-
culties of compatibility and transferahi-~
lity and thought more abou% the problems
of tranglating whatever we found Into
Spanish for our students, we leaned to-
wards developing our own programs out of
the many materials and ideas which we had
collected during the first year of the
project. We had finally settled on buying
a Hewlett~Packard 2000 System for its re-
putation for fast respongse with a large
number of users, to give uc independence
from the main compater center with its
many large administrative jobs, and he-
cause it supported Coursewriting Facility,
an approximate implementation of IBM's
Courgewrlter with available BASIC rumerical
functions. We had experimented with the
latter language on UPR's IBM 370/145 com-
puter and hbelieved that it was a rather
powerful tool providing the necessary
structure for developing good CAI. We
were eventually to come to grief with
the Coursewriting Facility, kut we remain
pleagsed with the rest of our system;
after many months of work in this lan-
guage we found ourselves unwillingly
forced to convert everything to BASIC,
which is now the language in which all
OQur programs are written.

We arrive, then, at the modules
themselves, It was for the calculus
course Of the hard sciences and mathema«
tics (Math. 205 iIn Fig. 1) that the CAI
modules were produced. The various pro-
grams which make up the entire CAI system
in calculus are depicted in Fig. 2.

Within the system, the student has
complete freedom to choose among the
differant modules at any time, although
he is informed in class when it would be
most appropriate to study each module.
The manager program, which interfaces
between the student and the jindividual
leggons, alsgo allows the students to
register themgelves, avoilding one of

Mathematics 173

the time consuming operations often asso-
¢ilzted with the beginniag of the semeSter
The structure of this program is shown in
Fig. 3. {Qf course the security with this
w:~tem Is minimal, but in our environment
this is not a problem J This same program
malntaina data on the total number of uses
of each module by each studant and the
total number of minutes of terminal time
of each student. Three separate report
programs have been written to produce dif-
ferent usage reports for the teachers of
each section and for global evaluation.
No data are kept on right and wrong res-
ponses: 1t will become clear further on
that such Information is either not ap-

“plicable or irrelevant for the majority

of response situations presented.

The general form which most of the
modules iollow is given iIn Fig. 4. It
must b# remarked here that these modules
are ntt In any way conceived of as rc-
placing the textbook or the lecture. “hey
are strictly supplementary and each one
presuppoges that the student has already
been introduced to the concept or tech-
nigque in his regular class work. Thus..n
the first part of the module there are
usually a few questions to find out 1f the
student Is at all familiar with the mate~-
rial, and if not, to recommend that he
learn more about it before going on. The
examples which the computer presents are
as much for the gsake of familiarizing the
student with how the computexr output looks
and how to later enter his own data asg they
are for illustrating the material being
studied. That is to say, it is expected
that the student will continue making up
his own examples and investigating the
comruter's responses and will do most of
his learning during this latter exchange.
Those students who stop after the prepared
examples are: not really likely to uave
galned much. Fig. 5 pregents the eight
modules and4 thelr content essentially as
the mapager program presents that menu to
the students, except of course, It appears
in Spanich on the screen.

Report Facilities

I Rigisterad Students by Section |

Manager Program The Eight Modules
Reglotration] [Sign-on an [1. T6TRO] {2, MnBER| 3. LIMIT|
of Stndents | | Security

Mﬁr Meny and Branchirg i

[ secant] [5. crarul [6- CURVE]

letions

o Badh Hod ﬁ Stu

| 7. wEwrTON] [8. AREA |

Total Usage Time for each Module

g e

FPigure 2. The Calculus CAI Programs

bt
Co

by Student
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corract
name u}e
? »
. Present
Tes Menu of Yes

Figurc 3.

Print e
Ha tto,/ Messagn 5
o Ny wessaen [f s ) we (4%

Sign Do

Firse Yes _ Enter
Time Name, Stud.
1 no., etc.

Hodules

Select
Module
d 1"'pdate
Recall Usage
' Daca

Usage
Data

Chain to
Module J— — — — — — ‘1 Chain back l

Manager Program Flowchart

1, INTRODUCTION
2. QUESTIONS. Does the student know enough to benefit

3. INTERACTIVE EXAMPLES. The student participates in

4. EXPERIMENTATION. The studcot is given the opportunity

from the medule? 1If not, he may be asked
to return to the text before continuing.

working through an Cxemple sclected by
the program.

to moke up ond enter his own examPles in the
sant format as in 3 ., The Computer provides
the nccessary data aod prompting. The option
to rerminace is offcred hefore cach cxample.

e

a— i

Finure &, Geneval Scheme for Modules
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1. INTRO : Introduces the terminal, the .
keyboard, and itg traits.

2, WUMBER: Presents real numbers, round-off,
and how to read mathematical cables.

3. LIMIT ¢ Studles iimits of rational functions
with values that pake the denominator
equal to zero {0) by the ugeof a table.

4. SECANT: Illustrates how the slope of thesecant
tends toward the slope of the tangent.
5. GRAF ¢ Calculates values of a glven function

and ite derivrtives inorder to help plot
the graph.

6+ CURVE : Evaluatee the functlom finds the inter~
cepts, critical points, and points of
inflection of a polinomial.

7. NEWICN: ~Finds tne roots of a given polinomial
uging Newton's Method.

8+ AREA

Calculates the approximate integral by
various wethods.

FIGURE 5. The Eight Calculue CAL Modules

Table 1. Calculus Modvie Usagz

Number of % of Modules Average
m o:' Sg;é::ét " Students Students Used per Total
on participecing fparticipating § Student Minutes
Fall
28-70 5 150 37 258 3.3 €s
Sprl
7:735 9 270 123 45 2% 5.6 84
Fall
29-8¢ 7 200 67 342 3.1 68

Table 2. Average of Responscs to Module Questionnaire, 1978-79

relevant relevant

to to high recomaend
5 long clear intcresting helpful course studies level fast it
"J’ 3.5 3.5 3.3 3,5 15
N D v IO v e BTN RETERY B2 ol
-
o
2 _
) |
siort  confueing boring not irrel- irrele- low alow don't
helpful elevant vani o level recommend
to course studies it
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The first two modules in fact have nothing
to do with calculus. They are there to
minimize the shock of dealing with the
computer for the first time and increase
the probability that the student will be
able to successfully use the modules and
interpret the results. HNext comes a mo-
dule on limits and then on the derivative,
Loth centered around investigating tables
of values of the appropriate expressions
in the neighborhood of a chosen point.
There are no epsilong or gdeltas here, and
it igsloped that the student will get more
of a feel for how varying values approach
a fixed number. The next two modules deal
with the use of the first and second de-
rivatives to describe certain properties
of the graphs of functions and to draw
those graphs. It is our continuing dis-
appointment that these modules contaln
very fey graphs. Despite the fact that
we had proposed to buy some graphics ter-
minals and even a plotter, we were never
able to do so., Several programs were
developed to produce graphs with alphabetic
characters but were never actually incox-
porated into the fiaal modules. It is
still not clear whether a graphing routine
cannot make a straight line look like a
gtra‘tght line that will be very
convincing for the students. The seventh
module {llustrates the Newton-Raphzon
Method for £inding approximate roots to
polynomials, while the last module does
approximate Integration by three of the
standard methods frequently treated in
introductory calculus courses.

To dewonstrate the implementation of
the general structure of the modules as
shown In Fig. 4, we shall discuss in more
detail the seventh module: Newton. The
introduction remindz the student of the
Objective and iterative nature of Newton's
Method an® requires him to recall the pre-
¢lise form of the iterative formula, using
one 0f the very few multiple choice formats
in these modules. ©Once he gets that
vtraight, the sample function, fix) =
x3-5, is presented. The studeat is di-
rected to choose a starting value, x , and
the computer then calculates, one © at
2 time on requewc, X., X_sr.. until the
gitudent decidaShhatl 2 he is ready to
say what 1is oot seing approximated.
Upon entering his guess, he is either told
it is not yood enough and to look at more
values, or that it is right, or that it is
cloge eénough, but that a better value
would be...0noe the .studend ynas guccess-
fully named the root, the computer offers
him the wppsrtunity to enter a polynomial
of hia cholce by entering. succesgively.
the detree and the coefficients.

The program thsn runs through the same

gsequence of steps until the student names
the root being approximated with suffi-
clent accuracy or until it becomes clear
that the process is not couverging. (As
you may expect, the only method the pro-
gram has for determining the root is the
same as Newton's Method, s0 that in some
untidy cases the coimputer gets it wrong,
leading perhaps to some confusion. This
sort of thing is, however, a constant
source of difficulty in many of the mod-
ules and in fact in all numerical methods.
Some care has been taken in the program-
ming to avold some of these pitfalls and
to give some warnings 1In the text portiom,
The student manual, which offers various
formg of encouragement and hints, also
points out seme of the difficulties,) The
student then has the option of trying for.
another root of the same polynomial, en-
tering another polyncmial, or terminating
the module.

RESULTS OF THE CAI IN CALCULUS

Throughout the duratioa of the proi-
ect, and continuing. now, certain evalu-
ative procedures were used to assure zome
kind of objective information about par-
ticipation, reaction, and effect of the
CAI. The first of thease, participation,
was constantly monitored by the computer
itself. Table 1 shows the percentage of
the enrolled students who actually used
the modules tO some degree or other, the
average number of modules run by each
student, and the average time spent by
each student at the terminal during the
semegter. The relatively low use is due
2rincipally to three factors. Foremost
ig the totally voluntary nature of the
computer laboratory. Any such voluntary
activity cannot hope to attract more than
75% of a class unless it guarantees better
grades. Our medules offer nc such guar-
antee. Secondly, there were considerable
diificulties during the first semester of
1978-79 due to the delay in completing
the final home for the computer center and the
resulting lack of terminals and comforts-
ble working conditions. At that time
there als¢ was no student manual, leaving
the students more or less on their own in
attacking the modules. Finally, the pro-
fessors teaching the various sections of
the calculus course change from semester
t0o semester, and there is a clear corre-~
lation between the enthusiasm ¢of the pro-
fegsor for the computer laboratory and the
students' participation.

Student reaction was checked each
semester by a standard guestionnaire dis-~
¢ributed in class and in the computer
center. It was originally supposed that
a student would £fill out onc of these
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questicnnalres for each module that he
used, but we soon decildel that we should
be content 1f we could elicit one overall
reaction from each participating student.
The results of these guestionnaires are
shown in Table 2. The reaction isclearly
favorable, being most favorable on the
issues of "interesting” and "would recom-
mend it." (Responses here were made on a
gscale from 1 to 5, 1 in full agreement
with the bottom description and 5 with
The form used also in-
cluded more direct questions over problems
encountered in using the modules, and some
of the students' comments led to correc=
tions and minor improvements.

The actual ef fect of the CAI on stu-
dent performance arnd general understanding
is onviously the most difficult to measure
of the three parameters, but perhaps the
most important. We have made two formal
attempts at measuring this. The first of
these was in the second semester of 1977-78,
when We set up non-participating control
sections for comparison of results. Due
to a plague of difficulties, many relating
to the problems which led to giving up the
Coursewriting Facility, it became impos-
sible to gather any reasonable data. The
second attempt was made at the end of the
first semester of 1978-79. At that tir
a study was made comparing certain in-
dices of calculus students who had actually
uged some of modules. These indices were
their SAT scores, both achievement and
aptitude, their final grade in calculus,
and the number of modules used. In this
small sample, no actual statistical cor-
relation could be established, but cer-
tain tendencies were apparent. For example
{see Table 3), all the students who used
five or more modules obtained a grade of
C or better in the course, while of tha
students who used five or more modules,
only one had obtalned better than 700 on
the SAT math achievement.

Table 3. Comparison of Module Usage
Course Grade, and Previous Aptitude
and Achievement Test Results

o
Fall Semester 1978-79 i
271 4 4 nm
(Figures in percent of ¢1-800,2
participating students.) 1|8 8 p01-700 &
11} 15] 11 0=600
3 4
o & 2% 15011 )] & v
St w
o B 8 4 8 ) 11| &4 g
gc|_u 4 u_Jllsls 4
2b] 4 8 4 [111d 4
“¢[ 4 11 Number

. = ——o - £
titude 0-600 601~700 701-A00 12 34 546 TByyyq0eg

RIC

Aruitoxt provided by Eic:

o S

Mathematics 177

(One fourth of the participating students
ran five or more modules). mme iz tempted
to draw the conclusion that the students
who used the modules most are the hard~
working students; not necessarilv highlv
intelligent, but nonetheless successful.

To conclude this discussion of the
evaluation of the project's results, we
would like again to recall that the ob-
jectives of these CAI modules and the
basic philosopliy used in constructing
them are to overcome certain experimental
and analytical deficlencies in the stu-
dents’ preparation (as well as to offer a
challenge to the more highlv motivated
students), and hence they are not directed
at the routine type of problem solving
that is prevalent on examinations. It
was, therefore, never expected that using
the modules would be directly and imme-
diately reflected in better test scores,
but rather in a deeper, long-range apbre-
ciation of fundamental concepts and a
more enguiring approach to attacking new
material. Any correlation ohtalned he-
tween exam performance in the calculus
courae and module use 13 therefore much
more likely due to pre~existing attitudes
of the student than to the contribution
the calculus CAI made to his orher knowl~
edge. The calculus iIs nelther a bag of
technical tricks, as it is frequently
taught to non-sclence majors, nor an ex-
gitclse In mathema:ical logic, as it often
appears in honors courses, It is a co-
herent system of ideas elaborated for the
modeling and analysis of certain classasef
phenomena; experilence with some of thuse
phenomena and with the way calculus pur-
ports to capture these processes 1s neceg-
sary for anyone aspiring to sclentific
investigation or teaching. We hope that
our modules make a start in the direction
of providing some of this experience.

DIFFICULTIRES AND WARNINGS

The creation and implementation of
successful computer-assisted instruction
i3 a major undertaking involving manv
factors, any one of which 1s capable of
nullifying many months of serious effort.
Our project, which we consider to have
been reasonably successful overall, did
not escape from its share of mistakes and
frustrations, and it still faces the dif-
ficulties of maintenance and imbrovement.
The initial challenge is the selection of
an adequate system of hardware and so{t-
ware, unless one is locked into a pre-
existing system. The cholices today are

far wider than they were three years ago,
and serious consideration must be given to
microcomputer systems as well as to minis
mini

and main frames. Although our
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computer, the Hewlett~Packard 2000 Sysatem,
has functioned well in our environment,
its upkeep may be too great for a smaller
institution, or capacity too limited for
a more ambitious project. The lack of
special symbols on our terminals (H-P
2640B), such as integration szigns or even
lower-case letters, puts undue strains on
programmers and users alike. The mathe~
matical symbols as they appear in texts
and are used by the teacher on the board
are important.for a quick understanding
of the material and for adequate rein-
forcement. For example, INT X2 DX meeds
mich more attention than

does the usual expression, fx?dx. Related
to this polnt is the ability of the ter-
minal to recall previous pages of material
{terminal memory), or careful programming
to imitate this ability. Although all our
terminals-now have memory, at the outset
of the project they did not, and we found
this situation much less flexible and more
demanding.

Problems with software can be more
insidious. It 1is not easy ¢ find out
from salesmen exactly what a computer or
a software package 18 capable ¢of doing,
particularly in the area ¢f educational
applications. We began, as mentioned
above, with IBM's Coursewriter which is
an especially designed system for CAI
and its management. We soon discovered,
however, that it 1is incapable ¢f doing
any kind of calculations other than in-
teger arithmetic. This can be overcome
bY begging, buying, or writing assembler-
language functions t0 increase the power
of Coursewriter, but this solution we
found t© be painxul and restrictive. H-F,
on the other hand, allows these functions
to be added to their Coursewriting Fa-
cility via simple BASIC programs. To¢ a
large extent this is what sold ug on the
system we bought. Several months later
we gave up trying with the Coursewriting
Pacility and converted to BASIC. Com-
plications in the compiling procedure,
bugs in the management facility, and
system crashes occaszioned, atbest gquess,
by the many needed disk accesseg finally
wore down the patience ¢f even the most
stalwart among us. Of course, BASIC iIs
an entirely adequate language for most
CAI ( consider its transfer~-
ability, by far the majority of the
available CAI packages are in BASIC),
but it does not encourage the same kind
of careful organization and angwer pro-
cegging as d¢ Coursewriter and other CAI
languages.

Some of the other components that
can, and hence will, go wrong are; jinade~
quate physical plant, too faw terminals

improper scheduling of student usage, poor
response time when the computer is buav,
and, inevitably, equipment €failure. While
it is idle t¢ suppose that one can avold
all of the problems and delays that typ-
ically arise, careful consideration can
avold many of the difficulties. After
all, you can not change your computer sys-
tem with the same fregquency and ease with
which vou have been changing vour calculus
text over the vears! We hope that as the
advice and experience of a large number
of genexrous and helpful people helped
quide us through the vagaries of this
project, 80 some Of our experience may
contribute to future endeavors of this
nature;-
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COMPUTER APPLICATIONS IN A FINITE MATHEMATICS COURSE
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INTRODUCTION

The course described in this paper sup-
plements a standard course in finite math-
ematics with computer applications. It
was developed with the following goals in
mind. First, since the course is offered
t0 students in engineering or mathematics
curr!~ula, it was the authors' hope that
the computer applications would increase
student interest and motivation as well as
head off the common coinplaints about the
irrelevancy of abstract mathematics
courses. Second, it was felt that the
computer assignments would lead to an in-
crease in the student's proficiency in
programming, which would prove benefi-
cial in his later mathematics apnd engi-
neerimg courses. Finally, it was hoped
that the student's grasp of certain top-
ics, in particular probability, would be
enhanced by the computer assignments.

Three sections of the course were
taught ¢ a total of 51 students in the
8pring semester of their freshman year.
Each of the students had received., in the
fall semester, at least 4 hours (contact
hours, not credit or semester hours) of
instruction in BASIC. However, most ware
far from being competent programmers, and
the authors are convinced that our course
could be made self-contained by beginning
it with 4 or 5 lectures on BASIC. We
started our course with a diagnostic test
on BASIC and followed it with a one-day
review of LASIC. We resolved to discuss
programming only as specific problems a-
rose in connection with computer assign-
wents and spent no more than an average
of 15 minutes class time per week on
programming. Eight computer assignments,
timed to correspond to the material being
covered in class, were given. Each as-
signment was to be completed by its as-
signed deadline, which was between One
and two weeks. These assignments, in to-
tal, were counted as an hour test ({15% of
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the final grade in the course)., No comput-
er work was included on hour tests or the
final examination.

The computer asslgnments were executed
on an HP2000 computer through 8 time-shar-
ing terminals in three locations on campus.
However, a group this size could easily
have been accommodated with as few as three
texminals {perhaps fewer with proper sched-
uling). To provide help on the computer
assignments, each ©of the three instructors
was avallable for a one-hour scheduled
help-session each week. Each session was
open t0 all students in the three sections
and was conducted in a computer terminal
room where five terminals were available.

One restrictlon on the course., placed
by our department, was that none of the
core mathematics content of the course be
delated or diluted in order to accommodate
the computer work. We beliave that we sat-
isfied this restriction, even though cer-
tailn introductory topics from chapters 1
and 2 of the course text (1) were omitted
from the syllabus to provide the additional
time required for the computer assignments.
The time gained proved more than adeduate,
and in addition to the computer work we
were able to give a reasonable treatment of
linear programming. which was not in the
original course syllabus. The major topics
in the course were set theory, discrete
probability (including Markov Chains and
stochastic processes), matrix algebra. sys-
tems of linear equations {(including a
Leontief madel in economics), and linear
programming. The text material was chapters
3,4,5, and 6 (1), but there are numerous
taxtbooks which offer similar coverade.

The course was evaluated in two ways.

A student evaluation form was completed by
each student at the end of the course:
which provided some insight into whether
tha goal of increagsed interest and motiva-
tion had been achieved. More formally: we
compared the performance of the students in
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the computer-supplemented course to that of
students in the standard course. A larce
part of the finmal examination which was
given in our course had been given to sev-
eral earlier sections and one concurrent
section of the unsupplemented finite math-
ematics course. To test our hops that
comprehension of some of the mathematical
topics would be enhanced by the computer
work, we compared the scores of the stu-
dents in the standard course with the
gcores Of the students in the computer-
surplemanted course for the relevant sec-
tions of the exam. Results of these evalu-
ations are discussed in section four of
this paper: £ollowing a discussion of some
of the computer assignments in sections two
and three.

COMPUTER ASSIGNMENTS IN PROBABILITY

The first five of the eight computer as-
signments were related primarily to proba-
bility theory. Four of these five were
simulations of probability experiments.
One assignment was a program to compute
combinations and permutations and use

thege results, in turn, to compute the prob-

abilities of certain events.

he first program was simulation of one
hundred tosses, one thousand tosses, and
then ten thousand tosses of a fair coin.
It was in this assignment that the stu-
dents were introduced to the random number
generator and its vital importance in sim-
ulating experiments. Also, we indicated
the need for a test condition to translate
the value of the random number generated
into an cutcome for the experiment. For
example, since the random number generated
is greater than or equal to zerc and less
than one, declaring the outcome as heads
if the number is less than 0.5 is a simple
and reascnable way to simulate the tossing
of a fair coin.

The second assignment uysed the random
number generator introduced in assignment
one for a more coMplicated simulation.

The experiment was rolling a pair of un-
biased dice. The student was reminded that
the outcome of one die is independent of
the outcome of the other, and the outcomes
2 through 12 must be generated in conformi-
ty with their natural frequencies. The use
of the integer function INT was introduced.
Tho outcome of one die can be simulated by
generating a random number, multiplying it
by six and adding one, and then taking the
greatest integer (INT} of this result.

The outcome of each die is generated inde-
pendently, and the two numbers are added
together to obtain the outcome of the ex-
periment. Assignment two consisted of
running 100, 1000, and then 10,000 trials
of the experiment and approximating the

correct probabilities of the various ouh~-
comes. Varying the number of trials was
intended to convince the student that the
larger the number of trials, the closer
the approximating probabilities reflect
the true probabilities cobtained by analyt-~
ical methods in the classroom.

The third computer program was a simu-
lation of the classical Buffon's Needle
Problem. It is both easy enough to simu-
late on the computer and difficult encugh
to defy solution by the analytical methods
studied in finite mathematics {although it
can be solved by integral calculus}, The
student is thus introduced to the main
value of simulation--solving problems that
cannot be solved by other means. In
Buffon's problem, a needle one unit in
length is dropped on an infinite grid of
vertical lines. The probability that the
needle touches a line is the desired gquan-
tity. For our experiment the lines were
two units apart. In order to accurately
simulate the experiment two independent
random numbers must be generated, one to
obtain the angle the needle makes with a
horizontal line and cone to obtain the lo-
cation of the center of the needle between
two lines. The test condition to determine
a hit or miss amounted to comparing the
projection of the needle on the horizontal
line to the distances of the center of the
needle from the adjacent vertical lines
{5)., The student was rcegquired to compute
the agproximate probability that the nee-
dle hits a line for 100, then 10,000 simu-
lations of the experiment. Incidentally.
since the exact probability is 1/v, we
asked the student to compute the recipro-
cal of his approximate probability to gsae
if he would recognize this answer as an
approximation of =x.

Asgignment four involved Programming
algorithms to compute C{n,r} (the number
of combinations of n objects taken r at a
time) and P{n,r; (the number of permuta-
tions of n objects taken r at a time) and
using these algorithms to compute proba-
bilities, for example the probability of
getting four aces in a seven—-card poker
hand. One by-product of this assignment
iz the lesson that computers have practi-
cal limitations. The largest factorial
that could be computed on our computer was
33!, Therefore, the student was forced to
develop a more sophisticated algorithm to
compute C{48,3)/C(52,7) (the probability
of four aces in a seven-card hand} than
simply computing each of the factorials
first and then performing the division,

The fifth assignment had three parts:
{1) the simulation of 3000 World Serieg
between two evenly matched baseball teams:
{2) tb> simulation of 3000 World Series
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in which one team had a .6 probability of
winning any single game; and {3} the simu-
lation of 3000 World Series if it were
changed to a best of nine game series,
rather than & best of seven. In the first
part, where the teams are evenly matched.
the length of each geries was tabulated., to
illustrate the non-intuitive fact that a
gsix-game world series is as likely as a
seven~-game gseries. Since the probabilities
of having a six-game series and a seven-
games geries are equal, about half the
class can be expected to conclude that a
sever~game series is most probable and half
that a gix-game series is most prot “wle.

It should be noted that a slight deviation
away from exactly evenly matched teams
makes a six-game series the most likely.
The second part of the fifth assignment was
intended to illustrate the fact that if one
of the teams has an advantage over t..- other
team in each of the games, then its advan-
tage ir magnified when the trials are
grouped into a conteat. The probability
that a team with a .& probability of win-
ning each game wins the series is ahout .7.
The third part of the assignment illustrat-
ed that as the number of trials grouped in
a contest are increased, the initial advan~
tage is further maugnified, in this cane
from about .7 to ab ut .73, Although each
of these parts can be solved analytically,
the solutions are complicated and usvally
beyond the objectives of a finite mathe-
matics course: so. the student is again
impressed with the primary value of simu-
lation., (Similar problems are ..iscussed in
Kemeny (2}, pages 143-144 and section 1.5
and Kemeny (3}, pages l61-167.)

COMPUTER ASSIGNMENTS USING MATRICES
Assignmenta six through elght ware de-
signed to introduce the students to the ma-
trix (MAT) commands in BASIC and to the sys-

tem library. Assignment six was a set of
routing exercises that required the use of
the commands for the matrix operations of
addi tion, multiplication, scalar multiplica-
tion, multiplicative inversion. and trans-
position. Additionally, the students were
given a 2x2 matrix B and asked to use a loop
to determine B4,

Assignment seven paralleled our class

discussion of Markov Chains, and its purpose

wag to introduce the students to subroutines,

round-off exror, and a double loop. For the
Project, the students were given two 3x3

transition matrices and asked to write a pro-

gram to test each matrix for regularity. A
transition matrix A is regular if AR has all

positive entries for some nonnegative integer
n., The students were asked to recall that in

performing calculations with a computer,
round-off error is almost always present.
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Hence a guantity, which may actually be
equal to zero, may be calculated by the
computer t¢ be, for example 0.0000021.
Thus, in the subroutine to test for zero
entries in B=AN, the students were forced
to structure their conditional statements
in such a way as to ignore any difference
in comparkd guantities which are less than
the suspected round-off error introduced

by the computer. In addition to a loop to
calculate AM, assignment seven also re-
guired a double loop {one for the row in-
dex and cne for the column index) to deter-
mine if A" had any zero entries. The tran-
sition matrices in che assignment were 3x3
matrices., Thus the students kqew that
their program need only test Al,...3” for
zeroes because in clags we gave the theorem
stating that if an nxn transition matrix

is regular. then at least one of the first
(-1} <+1 powers of A containg no zero
entries.

For the first part of the final computer
assignment the students were required to
write a program to solve two problems bhased
on sur classroow dlscussion of Leontief
models. This program involved solving a
gystem of linear 2quations using the INV
function to find the inverse of the coef-
ficient matrix.

It has heen noted that one of our ob-
jectives was to increase the student’'s
proficiency in programming. Toward this
end, each of the abcve computer assignments
required the students to actnally write a
program~-not merely supply data to a pro-
graix called from the system likrary. How-
ever, the authors felt that students should
be given an opportunity to realize the im-
portance of the system library:; hence, they
introduczd the system library in the second
natt of assignment eight. The problem
suppleménted our class work on linear
programming and the simplex method. In the
agsignment the students were asked to max-
imize an objective function subject to five
constraints using a program (LINPRCY from
our system library. The instructors felt
that the introduction to this power ful fac-
et of computer use was an appropriate end
to ihe computer segment of the course,

EVALUATION OF THE COURSE

The results of the student evaluation
given at the end of the course were general-
ly quite positive. Most students seered not
only to enjoy the course, but to feel that
it was useful. For example, a question on
the overall rating of the course had an
average of 8.3 on a 0-to-10 scale. The
average response to the Juestion: “Would
you recommend this course to others?"
fagain on a 0-to-10 s7ale , where 0 = not
recommend at all, and 10 = highly recommend}
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was 8.1. In addition, many responses in
the comment Section of the evaluvation form
indicated that the course was well-received.
A statistical evaluation of the course
was done by comparing scores of students in
the regular course (group R) on 21 problems
common to both final exams. We proposed
average scores on the mathematics portion
of the SAT as a possible measure of how
groups C and R compared in ability. Imme-
diately a problem arose because the two
groups were significantly different when
this variable was measured. Two comparable
groups were acquired by deleting all stu-
dents with Math SAT scores over 600 in each
group of students. We were left with 24
students {n grovp C with an average Math
SAT score of 531, and 29 students in group
R with an average Math SAT sccre of 533,
Students in both groups C and R were engi-~
neering and mathematics majors.
. The results of the 21 examination gues-
tions are given below.

Group C Group R
Number of students 24 29
Average Math 5AT 531 533
Total number ¢f 504 609
guestions
Numbar of correct 330 365
responses
Sample success Pc = 655 PR = ,599
probability

From the table above we get the difference
of the sample proportions to be Pc-ﬁn=.056.

Let P, be the success probability for the
grov,. C population and PR the success prob-

ability for the group R population. Test~-
ing the null hypothesis Pc 5 PR against the

alternate hypothesis Pc > PR, we found that
the probability that ﬁc - ﬁa > 056 is less

than .028 {c.f. chap. 8,(4)). Therefore,

at the 5% level of significante, we rejected
the rnJdll hypothesis and accepted the alter-
nate hypothesis that the performance of stu-
dents in the computer-supplemented course
would exceed that of students in the regular
course on the 21 axam guestions. We point
out that the one-gzided test was suggested by
the restriction that the coverage of the
central mathematics topics in the new course
be at least egual to the coverage given in
the regular course. Conseguently, it was
expectad that the value of Pc would be at
leant that of PR.

There may be other faotors which con-
tributéd to the superior performance of
group C. For example, those in group C

* nificant.

were exposed to each of the three instruc~
tors, while those in group R were taught
by only one of these instructors. In ad~
dition, the class size for group C averaged
17 students, while the average class size
of group R was 24 students. However, the
authors believe that the introduction of
the computer into the course was an impor-
tant positive factor contributing to the
significant difference in performance noted
ahove.

Finally, we remark that when the Stu-
dents with Math SAT scores of over 600
were compared, the students from group C
again performed better on the 21 exam
guestions than the students from group R.
However, the difference was not as sig-
This result is consistent with
the authors' feeling in the beginning of
the project that the better students were
likely to perform well no matter how the "
course was designed and that the greatest
effect of the computer supplements would
be on the average students.

SUMMARY AND RECOMMEMDATIONS

It was our intention to add a computer
supplement t0 a course in finite mathe-
matics without compromising the traditional
approach to the mathematical content in the
course. In short, we did not want our stu—
dents 0 become computer experts while
sacrificing their ability to solve problems
with paper and pencil. It is obvious, how-
ever, that one cannot introduce a computer
supplement into a finite mathematics course
without making some adjustments. Since we
were restricted to the same 45 contact hours
as .n the standard course, we had to elim-
inate certain introductory topics mentioned
at the beginning of this paper; however, we
did not reduce the amount of time devoted
to probability and matrices. We eliminatad
enough material to give us an additional
eight contact hours, and we found this ad-
ditional time sufficient for the discussion
of computing in general and the computer
assignments in particular. If, on the
other hand, one wished to add a computer
supplemant without sacrificing any of the
standard course material, the best approach
would probably be t0 increase the contact
hours per week from 3 0 4. The extra hour
per week would be more than adegquate to
accommodate the computer supplement.

We also believe it iz important for the
students and the teacher to maintain a
sense of perspective about the goals of
this kind of course. It is to0 easy to
drift unintentionally into a computer pro-
gramming seminar to the detriment of the
traditional theoretical and problem-solving
aspects of a finite mathematics course.

The student must be kept mindful of the
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main thrust of the course., even if, as is
often the case, he is more interested in
computers than in mathematica. Keeping the
course properly balanced becomes a question
of the inatructor’s resolve, but he can
help himself {(as we did) by keeping the
computer part of the course cut of the hour
tests and final examination.

Finally, we believe that whan computer
assignments are returned to the student,
the gtudent’s program should be accompanied
by the instructor's solution. The solution
can he typed in capitals to resemble the
actual print-out ohtained at a teletype-
writer terminal. Pesides showing the stu-
dent the correct answer, an instructor's
solution provides the student with a valu-
able refevence if he pursues computer pro-
gramming after completion of the present
course. Such a policy., of course, requires
new or altered computer assignments for
subsequent courses, but we consider the
price small in relation to the benefits.

We must admit, in sumpary, our satis-
faction with the resuits of this course.

It will likely ke a permanent part of our
curriculum, and we anticipate further re-~
finements and additions to the computer
assignments in future offerings of the
course, To this end, we invite others who
have had similar eXperiences with a com-
puter-eupplemented finite mathematics
course t0 share their views with us.
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A COMPUTER-ASSISTED COURSE
IN BIOMATHEMATICS

Pui-Kei Wong
Mathematics Department
Michigan State University
East Lansings, Michigan 40024
517-353-6880

Applications of mathematics tO prob-
lsms in the physical sclences and engin-
sering are well known and have long been
an integral part of the undergraduate cur-
riculum of mathematics departments. During
the past two decades courses in numerical
methods and elementary finite mathematics
have also been added by many colleges and
universities, reflecting the growing im-
portance of mathematics in economics,
management, and soclal sclences as well
as in modern technology. We need only
cite the contributions of such indivigduals
as Kenneth Arrow,” George Dantzig, Wassily
Leontiff, Paul Samuelson, and John
von Neumann in this connection.

On the other hand, applications of
mathematica to the blological and life
sclences, though no lesas important, have
not found thelr proper place in the wnder~
graduate curriculum. It was J.B.S. Haldane
who observed in 1928 that: “The permea-
tion of blolegy by mathematics 1a on
beginmning, it will continue and (grow,
into a new branch of applied mathematices."
In the decades since, we have witnessed a
phenomenal growth in the applications of
mathematics to the agricultural, biolo-
gical, and life sclences, beginning with
the work of Haldane, Llotka, Volterra,
and wright and onto that of Hodgkin and
Huxley, who shared the Nobel prize in
physiclogy or medicine in 1963. And most
racently, Allan Cormack and Godfrey
Hounsfield were awarded the 1979 Nobel
prize in physiclogy or medicine for their
plonsering work in applying mathematics
and computer technology in the x-ray image
reconstruction technigue called Cofputer-
ized Axial Tomography (1}.

Recognizing the growing impact of
mathematics in the life sclences, the
Mathesmatice Department at Michigan State
University introduced five Years ago a
new course MrH-48) titled "Selected
Mathematical Ideas in Biology." This is

four-credit course with
calculus as Preregquisite. At Michigan
State we have a two-term, ten guarter-
credit sequence in calculus for the blo-
logical and soclal sclences. A student
having completed this abbreviated calculua
sequence 1s usually adeguately prepared
to enter MTH-481l. No prior Kknowledge of
computer programming is assumed.

The major objective of this course is
to provide the student with a sound intro-
duction to mathematical methcds and ceter=-
minlstic models in biology, especially in
the use of comnputer simulationa to analyze
mode), behavior. To this end a number of
problems from blology are introduced and
studied in some depth. We start with the
underlying biclogical description, hypo-~
thesize, and then derive a working mathe~
matical model. Once constructed, the modsl
can ba manipulated and analyzed to reveal
its possible behavior. Modifications on
the basic model are made, and the system
is then studied again under various initial
conditions, external inputs, and pertur~
bationa. All this can be done guickly and
economically by computer simulations.
Instead of numerical solutions, 1t is often
mors desirable that the long-term trend or
qualitative behavior and stability proper~
ties of the model be known. In this case
computer graphics provide a particularly
effective tool 1n the analysis of model
dynamics.

In ad4ition to conventional class-
room lectures and homework, students are
required to spend time each week in the
computer laboratory doing modeling and
simulation exercises. Thema exerclees use
instructional modules written epecifically
for the course, and they run on Tektronix
4051 graphice computing systems. These
stand-alone microcomputers are capable of
high resolution graphics (780 lines by
1024 pixels per line} and are especially
well sulted to our needs, A Tektronix

a one-quarter,
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* ‘8631 hardcory unit provides a record of the

graphic output of any desired simulation
run.

We also use computer graphics in the
classroom. DPemonstrations are done using
a Tektronix 4025 graphics terminal and an
Advent 1000A television projection system,
The 4025 ig a raster scan device with 480
X 640 resolution and provides a composite
video cutput to the Advent. It ig driven
by a Tektronix 40351 computer. The Advent
has a geven-foot diagonal acreen and is
suitable for viewing by a class of up to
forty students. Dynamics of a model can
be displayed on the screen before a class
and discussed very effectively this way.
A Tektronix 4662 digital plotter is also
used to make high guality multicolored
transparencies for use on ordinary over-
head projectors.

The mathematics treated in MTH-481
include matxix algebra, difference, and
di £ferential egquations., and applications
are drawn from various areas of biclogy.
Special emphasis is given to the qualita-~
tive behavior and stability of nonlinear
egquations. The course will typically cover
the firgt twenty-two items of the outline
below plus occasional substitution from
the remaining ones.

MTH 481 Svllabus

l. Algebra of vectors and matrices.

2. Linear equations and determinants.

3. Eigenvectors and eigenvalues.

4. Methods of least squares.

5. Discrete time single species population
models.

6. Linear difference equations.

7. Depletion of nonrenewable resources.

8. Discrete time predator-prey models.

9. Populations with age structure {(Leslie
model) .

10. Harveating and exploitation of renew-
able yesources.

11. pPopulation genetics and difference
aquations.

12. Asymptotic behavior and stability
{pericd three implies chaos),

13. Analysis of growth data.

14, Logistic, Gompertz, and other continu~
ous time vopulation modele.

15. Geometricyl analysis of differential
equations.

16. Models of photosynthesia.

17. Linear differential equaticns and
systems.

18. Compartmental analysis.

19. Lotka-~Volterra and other models of
competition and interaction.

20. Volterra-Gause principle.

21. Theory of chemostat.

22. Stability and limit cycles.

23. Enzyme kinetics.
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24, Simple epidemic models.

25, Cell cycle analysis.

26. Models in neurophysiology.

27. Pishery dynamics and marine food chains.
The interactive computer-~assisted

instructional modules used in the course

are designed for the student with no

prior programming experience, and they are

stored on data tapes. An orientation

- lecture on the use of the Tektronix graph~

ics computing system is given at the start
of each term, explaining how the student
can access the system and use these .
instructional tapes. Thece modules range
from tutorials on vectors and matrices
through population growth, fitting data to
logistic growth curve, differential egua-
tions, and modeling using compartmental
analysis and the method ¢f peeling.
Students have found using interactive com-
puter graphics particulr ‘ly helpful and
have later adapted and modified some oOf
the programg written for this course for
their own research use.

To iilustrate the use of compuiter sim~ -

ylation in teaching mathematic:i modeling,
let us consider the problem of growth of
human populations. First the problem is
analyzed by the very simple difference
equation

(1) 31“_1=A)!k. k‘o.l.z.ooo

Here *. is the population size or density

at the kth census and A is the intrinsic
growth rate, which is defined as the @dif-
ference between the crude birth rate B
and crude death rate D. In this case the
population is treated as a homogenecus
collection of individuals =0 age structure
and sexual differences are ignored. Equa-
tion 1 admits the closed form solution

(2’ xk=nkx°. k=0.1.2;ooo [}

where X, is the initial population if A

is constant. The future behavior of the
population is therefore completely deter-
mined by the magnitude of A. Huwever
real Populations can rarely be described
realistically by such a simple model in
which the growth rate is constant over
long periods of time.

The first modification we make then
is to allow the intrinsic growth rate A
to be time- cr population-~dependent.
Closed form solutions to BEguation 1 zre in
general no longer possible, but the prob-
lem is easily handled by the computer. In
the CAZ module for this course, actual
cansus data is vsed to construct population
projectionsa. Figure 1 shows several dif-
ferent functions used to f£it the crude
birth rate data for Costa Rica. The

Loy




e

Q

ERIC

Aruitoxt provided by Eic:

186  NECG 1980

student is asked to select one of these,
and the computer will then calculate and
display the corresponding population trend
for a specified number of years into thc
future (see Figure 2). At the end of each
simulation run the student has the choice
of changing the parameters or entering an
entirely different birth rate function and
running the problem again. 1In this case
the same death rate function is uzed for
all the simulation runs.

At the next level of complexity, a
population is studied by separating it in-
to sex and age classes using the basic
model of Leslie {2). For human populations
where the ratio of males to females is
essentially constant over long time periods,
it is customary to consider only the fe-
males and divide them into five-year age
classes and take census every five years.
The basic equation ig gtill Egquation 1,
but Xy is now a population vector with

n components, and A is the projection
matrix.

1 fn
51 0 0 . . . 0
0 82 0 . . . 0
A= . . . . .

0 0 0 . . . 8,

Here fj is the average number of female

offspring born to a member of the jth class
every five years, and Bj is the prob~-

ability that'a member of the jth class
will survive and advance the {j+1}st
clags at the end of five vears. If we
restrict our attention to females of ages
O - 59, there will be twalve age classes
and A will be a 12 X 12 matrix. If wa
assume constant fecundities and survival
probabilities, the population for subse-
guent years can be calculated using
Bquation 2 as in the eimple scalar case.
Figures 3 - 6 are thc computer-generated
population profilea for American females
based on the 1964 data for fecundities
fl""'flz znd survival probabilities

81' 00008120

In the final stage the effacts of
population-dependent A as well as har~-
vesting 2re added to the Leslie model and
studied, FPigure 7 shows the menu selec-
tion for this model, and Figures 8 and 9
are the output of two different simulation
runs for a hypothetical population having
three age clagses. Extensions of the model

to include insects, trees, and other popu~-
lations that are more naturally grouped
into developmental stages or size classes
are also included at this stage.

All the CAI material was written in
TEK-BASIC specifically for interactive
use and has been revised and tested over
the past five years. Although much of it
was designed with teaching mathematical
modeling to biologists in mind, some of
it can be and has been adapted and modi-
fied for use in other courses as well.
The equipment was acquired in part with
funds from the National Science Poundation
under an Instructional Scientific Equip-
mant Grant.

REFER
1 L. . Shepp and Je B Krl.‘lﬂkal, “com"‘
pruterized Tomography: The New
Medical X-ray Technology," Amerjcan
%gthemgtiggl onthly, 85 (1978), 420~
9.
P.H. Leslie, “On the Uge of Matrices
in Certain Population Mathematics,"
Biometrika, 33 (1945), 183-212,
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Fig, 1
BIRTH RATE FOR COSTA RICA, 1938-2088

VERTICAL SCALE = NO, OF BIRTHS PER 1030 POPULATION
DIAMONDS REPRESENT CENSUS DATA

Pl, P2 & P3 ARE THREE MODIFXED EXPONENTIAL FITS

WHICH

PROJECTION CURVE DC YOU WANT TO USE? (L., P§, P2 OR P32

. 40
o “
- “

L] Ll f ¥ Ll L ¥ L L] L}

ll-aa-a.-..

. Mo S P
\ ..-..h“:..-..-..-..-..-..-..-..-..-..-..-..-..‘-..
- -
. ---“--“-ﬁ------ﬂ--mﬂ--ﬂﬂ:
1
\
. -

\
" : P2

.
.y y -
R 0 0 O 6 B P B O R S S S G S

16609 1879 1900 2018 2039

Il L Il I F 3 » - '] L] AL




188  NECC 1980

Pig. 2
PCPULATION OF COSTA RICA, 1938-2060, BASED ON P1 PROJECTION
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nut MENU wnn
{. CONSTANT FECUNDITY AND SURVIVAL PROBABILITY

2. POPULATION DEPENDENT FECUNDITY, CONSTANT
SURVIVAL PROBABILITY

3. .CONSTANT FECUNDITY, POPULATION DEPENDENT
SURVIVAL PROBABILITY

4. POPULATION DEPENDENT FECUNDITY AND SURVIVAL
PROBABILITY

A}

S. HARVESTING
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+@ MODEL: CONST. FEC

SURV. PROB,

LEBLIE . .. POP, DEPENDENT .
FNDCH) = l/(l*mc%m-l‘)g». Dl = 233 p2 = 2.5
-

-l =9

ACH) = & YRy = 4 .
H.O% OF TOTAL POPULATION WCKD

']

<+

{ = 9,998339933 $S2 = 8.5
2€e) = | WCB) = |

215




Mathematics 193
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COMPUTER SYMBOLIC MATH

David R. Stoutemyer
Electrical Engineering Department
tniversity of Hawaii at Manca
Henolulu, Hawail 96822
(808) 948-8196

Most current calculators and mathemat-
ical computer programs are oriented toward
approximate numerical computations using
an occult arithmetic called chopped non~
decimal fixed-precision floating-point,

If this revelation cavses discomfort, con-
sider what Anston Householder, dean of
numerical analysts, said: "I don't like
te £1y in airplanes, knowing they are de~
signed with floating~point arithmetic,®

This arithmetic has undeniable advan~
tages, but it algo has decidedly bizarre
implications which are difficult te
coliveY even tO graduate numerical analysis
atudents, More important, it is not the
arithmetic that any of us uses for manuval
computation,

THE RATURE OF COMPUTER SYMBOLIC MATH

The good news is that computers also
can do exact rational arithmetic, More-
over, even sma)l personal microcomputers
can do the nonnumeric symbolic operations
of algebra, trigonometry, analytic geo-
metry, and calcolus. In fact, use of such
computers for these purposes does not even
require a knowledge of computer program~
ming, other than the widespread custom of
using "s" to denote multiplication and
"4+% to dencte raising to a power, in order
to unambiguously specify expressions using
a one~dimensional format compatible with
the limitations of standard keyboards and
displays., PFor example, here is a sampletm
interactive dialogue using the muMATH~79
symbolic math program on an inexpensive
Radic Shack TRS~-80tR computer, which is
increasingly popular in schools:

In order to expand the expression
(52~71 (2y+3)4 the user types the line

(5%%-T7)% (2%¥+3) +4;

and a few seconds later the interactive
reasponse is

BO*AYYt4 - L12%Y¥14 + 480%R*Y43
~672%¢43 + L0B0*X*Y42 - 1512%¥+2
+1080*%"Y = 1512*Y + 405*X - 567

Next, to solve the equation

zlza-azz) =x3 - azx for x, theuser types
SOLVE (2% (X13~A42%X) = X43-At2%%, X);

and the interactive response is the
solution set

{X'Ov
X=A,
X=ep),

Next, to invert the matrix
1 p
0 g4,

the_user types

{11,r}
{0,Q1} + ~1;

* and the response is

{f1, p/0]
fo, 1701},

Then, to simplify the trigonometric-
logarithmic expression (tan alcos a)+
1/esca)+1nlx2y) ~ 2 1n 2, the user
types

TAN(A)*COS(A) + 1/CSC(A) + LN(X+2%¥)
=2%LN (X)) ;

vielding the response
2*SIN(A) + IN{Y),

To sum the series

E {a jz + %)

=1
the user types

SUM{A*J+24B4tJ, J, 1, N}
to get the response
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(2*AMN 3+ IMAMN124+A%N) /6
+ (B%(N+1}-B)/(B-1}.

{The arguments of the sum function are
respectively the summand, gsummation index,
lower limit, and upper limit.} ®inally, to
evaluate the integqral

jiax2 + z sin z%lde ’
the uger types

INT{A*X12 + X*C05(X+2}, X)
yvielding

A%X43/3 + SIN(X12) /2.

In contrast, traditional programming
languagea such as APL, BASIC, FORTRAN or
PASCAL provide built-in math facilities
egsgentially only for limited-precision
aritimetic.

The above examples have illustrated
symbolic math capabilities relevant to
grades § through 14, However, computer
symbolic math also features exact rational
arithmetic, which is more suitable then
floating-point for supporting wmath educa-
tion at the kinderqarten through sixth
grades. For example, continuing the above
dialogue, to simplify the expression
3030/13/401 the user types

30430 & 124 (1/2) 7401 ;
and the reaponse a few seconds later is

{253410016192626953125/
502114286731006316278912)*{3)+{1/2}

There are none of the roundoff, underficw,
or cverflow problems that beset traditional
mathematical programming languages.
Although none of the above examples
reguires a knowledge of computer program-
ming other than the convention of using
&% for multiplication and "+" for
raiging to a power, curioeity of needs
not met by the built-in facilities causes
some -ugers to geek deeper involvement
with the mathematical and programming
techniques used to implement these sym-
bolic math systems, Accordingly, sym-
bolic math systems generally provide a
programming lanquage for writing exten-
sionas. Examples of sich extensionsg are:

1. introducing new functions (such as
hyperbolic functiong} and their
simplification properties;

2. extending the class of expressions
which can pe factored, differen-
tiated, or otherwise operated upon;

3. extending the class of equations
which can be solved;

4. automating the sequence of steps
necessary to do an inductive proof,
determine a limit, test a series
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for convergence, or determine
the first few terms of a Taylor
series.

EDUCATIONAL USES

Computer symbolic math has long been
available to applied mathematiciana who
have generous computing allowances on the
largest computers, but this tool has only
recently hecome available on the inexpen-
sive small computers most often available
to kindergarten through gsophomore cal-
culus clagges. How can this increasingly
availahle tool support math education?

1. A symbolic math system can be used
a computer—aided instruction
program to provide far more flex-
ible, intelligent, and responsive

avtomatic drill or examination
than is otherwise possible. For
example, symbolic math systems are
able to recognize the eguivalence
of a wide variety of mathemat-
ically equivalent expressions, and
a computer-aided math instruction
program can adaptively take alter-
nate courges of action depending
upon the users' performance. Such
programs free teachers to do what
they do begt--provide warmth,
understanding, individuval high-
level guidance, and assistance for
unanticipated difficulties.

2. The ability to do numerous large
examples encourages creative ex-
plorations which can reveal pat-
terns and thus suggest general
theoremg. Students' inductive
generalization powers can be exer-
ciged and developed to a far
greater degree than is otherwise
possible.

3. Built=in trace facilities can allow
students to see each gtep of a
computation, rather than merely
the final result.

4, A demonstration that an operation
can be done avtomatically by com-
puter can encourage average and
poor students that the flashes of
inspiration given only to brilliant
gtudents are unnecessary for that
operation. Hope for plodders is
revealed.

5, Students who are more enthusiastic
about computers than about math
are provided with a new avenue for
appreciation of math. Computer
symbolic math vastly enhances
the ogportunity for baneficial
mutval reinforcement and cross-
motivation between math and
computers.
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6. Inspection of the underlying com-
puter symbolic math implementation
programs can help students learn
the methods for accomplishing the
operations manually.

7. Programming extensions to the
built-in operations can reinforce
understandfng of both the built-in
and new operations. In fact, an
instructor can withhold portions
of the algebra system implementa-
tion and challenge the students
to implement them.

AVAILABILITY

For educational use, a symbolic math
system should be interactive, general pur~-
pose, and available for a modest fee on
computers typically available to students.
In order of increasing computer memory
requirements, here are four symbolic
math packages which meet these
requirementss

PICOMATH-80Y™ i a set of three small
gymbolic math demonstration programs
written in BASIC that should run on vir-
tually any computer. For information,
write The Soft Warehouse at Box 11174,
Honolulu, Hawaii 96828.

muMATH-79 i currently available for
man¥ of the various brands of personal
microcomputers based on the Intel 8080,
Intel 8085, and Zilog 280 microprocessor
chips. Computer memory can be measured
in units called bytes, and muMATH requires

from 32,000 to 64,000 bytes of memory,
depending on how many of the varlous math-
eratical facilities are loaded simulta-

r osusly. Por information, write Micro-

=~ £t, at 10800 N.E, B8th, Suite 8i9%,
Bellvue, Washington 98004,

FORMAC is available for medium to
large IBM 360 and 370 computers which have
at least 140,000 bytes of memory. For
information, write Knut Bahr at GMD/IFV,
p~6100, Darmstadt, Germany.

REDUCE is currently available for IBM
360 and 370, DEC PpP 10 and 20, Univac
1100 series, CDC Cyber series, and
Burroughs 6700 computers. REDUCE requires
a minimom of from 300,000 to 400,000 hytes
depending on how many of the varicus math~
ematical facilities are loaded simulta=-
neously. For information, write Professor
Anthony C. Hearn at the Computer Scilence
Department, University of Utah, Salt Lake *
city, Utah 84112,

LITERATURE

Most of the relevant literature is
oriented toward research rather than edu-
cation, but a good way to get started in
this area is to join the Association for
Computing Machinery Special Interest Group
on Symbolic and Algebraic Manipulation.
Thelr ACM SIGSAM Bulletin is a timely source
of information on such topice as
meetings, abstracts, and new systems.
For information about joining, write
the ACM at 1133 Avenue of the Americas,
New York, NY 10036.
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COMPUTER-BASED RESQURCE SHARING:
DIVERSITY AND OPPORTUNITY

Chaired by Donna Davis Mebane and Rodney Mebane

EDUCOM

P.0. Box 364
Princeton, NJ 08540
(609) 921-757%

ABSTRACT

Computer-based resource sharing occurs
in many places, by many people, in many
forms, for many reasons. A professor who
asks a colleague tO evaluate the pedagogic
quality of a CAI tutorial, a student user
of SPSS, a demographer working with census
tapes, a librarian with access to OCIC -~
all ©of these people are engaged in some
form of computer-based resgource sharing,
This special gzession will report on a
major EDUCOM research project, funded by
N3P, tO examine the diversity ©f sharing
activity that takes place within the
higher education and research community
and the opportunity that exists for
increased cooperation.

In desgcribing, eXxplaining, and evaluat-
ing the sharing phenomenon, two scenarios
arae apparent. One is of relatively small-
scala activity, very informal and with
information exchanged primarily by word of
mouth. Many are neither aware of what
others are doing with computers nor of the
possibilities for ahared use. The other
scenario ig of an active attempt by
various resource-sharing organizations
{R808) to promote the orderly exchange of
computing materials and experiences.

Focuging on the latter scenario, this
session will begin with the benefits of
sharing and the various pathways to
sharing. It will then specifically
address interinstitutional resource
exchange and nine repregentative organ-
izationg that provide a link between
regource developers and a resource users
and affect the shared use ¢f hardware,
software, machine-readable data bases,
and other computing systems. The RSOs
participating in the EDUCOM study include
the following nonprofit organizations:

CONDUIT

EDUNET

Georgia Information Dissemination

Center (GIDC)

Health Information Network (HEN)
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Inter-university Congortium for
Political and Social Research (ICPSR)

Merit

New England Regional Computing Program
{NERComP}

North Carolina Educational Computing
Service (NCECS)

Research Libraries Information Network
(RLTN)

Profiles of these organizations will be
presented, and the nature of services
offered wiil be explored in depth.
Specific RSO activities will be cited to
illustrate the diversity of organiza-
tional response to such questions as
these:

What kinds of resources are available
and where do they originate?

What options do devalopers have?

How are resources packaged and
distributed?

Who are the current ugers ©of thesge
organizations and what gervices do
they find most valuable?

What are the technical, economic, and
organizational conditions of using
shared resources?

How do the sharing organizations them-
selves adapt to a rapidly changing
environment?

The primary objactive is to make praoti-
tioners and leaders in the field more
aware of organizational options available
to meet their vwn diverse computing needs.

Materials will be distributed describ-

ing the study and the participating
organizations, and representatives of tha
nine organizations have been invited to
apply for space in the axhibit area.

_U8




Q

ERIC

Aruitoxt provided by Eic:

198  NECC 1980

COMPUTERS AND INSTRUCTION:
DEVELOPMENT, DIRECTIONS, AND ALTERNWATIVES

Chaired by William Gruener
Addison-Wesley Publishing Co., Inc.
Reading, MA 01867 '
{617} 944-3700

ABSTRACT
s segsion will examine the world of

computers in the instructional environment.
our three panelists have used micros, minis,
and mainframes in various educational
situations and will present papers as a
basis for discussion and examinatiocn of
computers and instruction.

buring the session directions and alter-
natives for new uses of computers will be
explored and the existing systems examined.
Participants and attendees are encouraged
to exchange information and ideas. It is
hoped everyone involved will leave with
f+esh insight into the creative use c®
~omputers for educational purposes.

CREATIVE LEARNING WITH COMPUTERS--THEQORIZE
OR _PERISH

Margot Critchfield
pittsburgh, PA

ABSTRACT

The experience of the dyed-in~the-wool
computer hobbyist provides educators one
point of reference for our warm enthusiasm
for the computer. Our observation of
students who learn to program or who play
complex gam2s on interactive microcomputers
provides another point of reference. What
do these vastly different kinds of learners
have in common? A theory of learning is
needed to tie these disparate computer
users together. Such a theory nmust be
applied to the design of educational
experiences that include computers in order
to ensure computers' .success and continued
growth.

This paper will attempt to clarify the
definition of creative learning and to
state sohe of the explicit values of formal
educaticn as they relate to computer use,
The possible contribution of some current
learning theories to a set of principles
for creative learning with computers will be
discussed.

PLATO: COMPUTERS AND INSTRUCTION, A
LARGE-SCALE SYSTEM

Robert Hart
University of Illinois

ABSTRACT

The Language Learning Laboratory at the
University of Illinois makes available an
80 terminal PLATO site for humanities usage.
During the past seven yeara, the Language
Learning Laboratory has supported PLATO
materials development for French, German,
Spanish, Russian, Swedish, Swahili, Hindi,
Hebrew, Chinese, Japanese, Latin, Classical
Civilizations, and £.5.L. The relative
independence of development projects has
led to a number of models for incorporating
PLATO in classroom activity, ranging from
totally PLATO-centered to voluntary and
supplementary usage. Resgearch now in
progress seems to reveal a relatively
stable pattern across a wide variety of
situations:

{1} There are two overlapping but distinct
populations of users, one PLATO-receptive,
the other non-receptive.

{2) Both instructor and student dissatis-
faction with current materials centers on
response analysis and feedback charactoer-
istics, which are perceiyed to be relatively
inaccurate, inflexible, and unable to deal
with meaning as opposed to form.

MICROCOMPUTERS IN ELEMENTARY AND SECONDARY
EDUCATION: WHERE WE'VE BEEN, WHERE WE'RE
GOING -

Dan Isaacson
University of Oregon

ABSTRACT

~wWhat educational research says about the
use of computers in teaching, what's
happening now, what the future holds, and
whatts holding us back will be diascussed.

2Ly
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Tutorial

VIDEQDISC TUTORIAL

Bobby R. Brown and Joan Sustik
Weeg Computing Center
University of Iowa
Iowa City, Iowa 52242
(319) 353-317¢

ABSTRACT .

This tutorial is for individuals who have
little or no experience using a videodisc
in instruction. The tutorial will consist
of a presentation of the performance char~
acteristics of videodisc as they reiate to
.instruction. A variety of applications
c.. Jent and potential will be discussed.
Various approaches to the development of
materials and mastering of discs for
videodisc applications will be presented.
The tutorial will also include a demon-
scration of an operational intelligent
videodisc system. Handouts will be pro-
vided to the participants,




Testing/Placement

MICROCOMPUTER-ASSISTED STUDY AND TESTING SYSTEM

(MASTS)

Hugh Garraway
The University of Texas at Austin
EDB 43&6B
Avtin, Texas 78712
(512) 471-4014

INTRODUCTION

Computer-managed instruction (CMI) has
proven t0 be an effective teaching/learn~
ing strategy. studies using large com-
puter-based instruction (CBI) systems such
as PLATO (nievergelt, Jurg and others,
1978) and TICCIT (Reigeluth, 1978) have
shown that in addition to facilitating
learning, students enjoy CMI. The mlli-
tary is one of the largest implementers
of CMI. The Navy is using saveral TICCIT
eystens in a4 CMY application that iz ef-
fective in terms of both cost and in-
struction. The Air Porce is using a de-
dicated cMI system, the Advanced In-
structional sSystem (AIs), developed with
the McDonnell Douglas Corporation.

The Teaching Information Processing
System (TIPS) and the Program for Learn-
ing in Accordance with Needs (PLAN) are
two CMI gyetams available for use in
all levals of education. Both of thesa
systems are batch-oriented apd are in-
tanded to be used on mainfrane compu-
ters, TIPS and PLAN are designed to be
used mainly with large numbers of stu~
dents.

Successful pedium= and small=-scale
applications of CMI (Bork, 19%77; Brock~-
maier, 1977) have helped dafine some .
common problems in uveing CMI including:

1) Time and expense involved in custom
designing CMI aystems8 for individual ap=-
plications.

2) Difficulty with adapting existing
CMI programs to run on computer systems
other than those for which they were de-~
velopad.

3) FKnowledge of programming necessary
for an instructor to create or mogify a
program.

4} High initial cost for setting up
hardware or adding to axisting systems.

5} Communication expenses and problems,
and down time associated with time-sharing
systems;

Recommendations for improving the cost
affactiveneas and efficiency of future
CMI systems have included the use of
stand-alone microcomputer systems and ad-
vanced authoring languages that allow an
ingtructor to specify or choose instruct-
ional and testing strategies and enter
related content without having to learn
a complicated programming language.

PROJECT OBJECTIVE

The objective of this project was to de-
sign, produce, implement, and evaluate a
CMI aystem with the following specifi-
cations:

1) The system will be based on inex-
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pensive microcomputers with disk storage
ability.

2) The system will be intaractive,

3) fThe CMI program{s) will be con-
tained on individual student disks s¢ that
they may be used on any compatible micro-
computer.

4) An interactive, intelligent auth-
oring program will allow an author to
create CMI modules without having to
master a programming language.

5) The system will allow an author
to gather student data from individual
digks for storage on a single data
disk.

6] The system will perform simple
statistical computations and display
group and individual results as raw
score, mean, standard deviation, and
Z=gcure.

7} The collected data will be
stored in a format that can be easily
transferred to other gtatistical anal-
yais packages.

MASTS

The regult of thig project is the Micro-
computer-Agsigted Study and Testing System
(MASTS). MASTS is contained on two disks
{Figure 1}. The author disk contains the
authoring program which creates the data
and index files to he stored on the stu-
dent disk. The student dlsk contains
the gtudent program which executes ac-
cording to the data stored by the author-
ing program. Copies of the student disk
are digtributed to each student in a CMI
course. The programeg for collecting and
manipulating student data from the indi-
vidual student disks are included on the
author disk. The heart of MASTS is a
two-~dimensional variable instructional
algorithm (Figure 2} with parameters and
branching or looping conditions set by
the authoring program. Thig algorithm
is agsembled by the author program through
interactions with the author. To assem-
ble an algorithm. the author need only
be familiar with the optionsg available
in the algorithm model (Figure 2), as the
authoring program is menu-driven and all
options at any point in an authoring
session are displayed on the monitor.

AUTHORING. SYSTEM
An instructor wishing to use MASTS

receives an author disk, a student disk,
and a short booklet cutlining the coptions
available in the instructional algorithm
for creating a CMI module. After read-
ing the booklet, the instructor plans the
assignments and tests and determines the
criterion lavels to allow the student to
progress or receive remedial assignments.
The instructor or clerical assistant may

now interact with the authoring program
to create the CMI unit. A complete CMI
unit may consist of numerous assignments
and tests, but MASTS does not regquire
that the complete unit be entered in a
gingle authoring session. The smallest
amount of information that may be enter-
ed during a session is one module con-
taining an assignment, the test hased on
the ascignment, and the data such as com-
petency level for advancing, number of
test gquestions to give, whether questions
are t0 be given in random or fixed order,
and what remedial strategy is to be taken
upon the student's fallure to reach the
egtablished competency level.

Bach aggignment/test module is given a
two-number label X, ¥, which determines
its pogition within the inatructional al-
gorithm. X represents the main assign-
ment/test. Y represents a remedial as-
signment/test for the main assignment-
test X, FPor example, the first assign-
ment in a MASTS upit would have the labal
1,0. IE the author-gpecified competency
level were met for test 1,0, then assign-
ment 2,0 would be made. If the compe-
tency level were not met, the MASTS would
execute the author-specified remedial
strategy. The student could then repeat
assignment 1,0, be given a remedial as-
signment Test 1,1, or be blocked from fur-
ther assignments pending a visit to the
instructor, at which time the block can
be removed from the student's disk. When
& remedial test is passed. the student i=
advanced to the next main assignment.
When a remedial test is failed, the op-
tions are the same as ocutlined for 1,0.
Thus, a remedial assignment/test pre-
gcribed for failing 1.}, would he 1,2.
Passing 1,2 would advance the student to
2,0, If the last remedial test f£or a main
asgignment is failed {X,N), the atudent
is autoinatically blocked and told to see
the instructor. When a student has guc-
cegsfully completed all of the main as-
signments on a digk, he is ingtructed to
turn in the disk to the insgtructor. Any
number of main assignments (X} and any
number of remedial assignments (Y of X)
may be created within the file boundaries
of the microcomputer disk-operating sys-
tem.

To begin a MASTS authoring session, the
author places the author disk in the
microcomputer and turns on the power. The
author program automatically lcoads, rune,
and presents the author with a master
menu. The author may selsct one of zev-
aral options. If he gelects to create
nev agsignment/test modules, he must put
a gtudent disk into a second disk drive,
and ig so informed by the author Pprogram.
The author will then be agked to enter




the X,¥Y number of the new module. After
this information is entered, the program
will prompt the author to enter the assign-
ment, the text of which can be any length.
At the end of the assignment, the author
enters the letter "S" on a new line to sig-
nal the end of the assignment. At this
point, the author may instruct the pro-
gram to execute the tegt immediately af-
ter the assignment or allow the student to
leave the computer to complete the assign-
ment. It is also possible to run a pro-
gram specified by the author at this

point, which allows the integration of
other CBI programs with MASTS.

The program will now prompt the author
to enter the test. The test is construct-
ed through interaction with a menu-drive
subroutine which allows any number of
{mixed} multiple choice, true-false; or
key word guestions to be entered. The
menu allows the author to select a dues-
tion type or end the test. The process
for entering the text for all types of
gquestions is similar to that for enter-
ing the assignments. A multiple choice
question may have any number of choices
since they wil’ be presented one at a
time to the student. f{After all choices
have been shown, they will be repeated
uptil the student picks one.} The key
word question allows the author to speci-
fy a number of key words or character
strings to be considered a correct answer
t6 the dquestion. In the student program,
a key word question asks the student to
type in a response. This response will
be gearched by the program to determine
if it contains any of the key words, If
it does, it will be counted a8 correct.
After entering a test question, the pro-
gram returns to the menu which allows
other dquestions or the end of the test to
be specified. At the end of the test, the
author is prompted to enter the competency
level in percent for passing to the next
main assignment. He is then prompted to
enter his choice for a remedial strategy
for students whe do not pass. When this
information has been entered, the program
will return to the master menu. From. the
master menu, the author may add other mod-
ules as cutlined above or print a master
student disk when all modules for the
MASTS unit have been entered. When the
latter option is selected from the master
menu, the program will prompt the aunthor
to enter the information fields he wishes
to gather on each student's disk. The
author simply types a one-line instruction,
such as "Please enter your last name," for
each information field he wants, Any num-
ber of fields may be entered, and they will
be presented before the student's first
assignment. The responses will be stored
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on each student's disk.

When the author finishes entering in-
formacion fields, the author program will
place this information on the student
disk, along with other index information
making the gtudent disk complete, In-
structions are then given to make copies
of the master student disk for distribu-
tion, which necessitates the program re«
turning to the microcomputer's disk-oper-
ating system.

STUDENT DISKS B

Each student is given a copy of the
master student disk. To use his disk, a
student places it in any compatible mi-
crocomputer and turns the microcomputer
on, The program automatically loads and
starts at the proper point in the instruc-
tional algorithm. On the first session,
the program gathers the information
fields entered by the author and the first
assignment is given. Then according to
the instructions entered by the author:
1) the progrum stops and will not contine-
ue until the computer is turned on again,
thus allowing the student to remove his
disk and carry out the assignment before
returning for a test; 2) the program pro-
ceeds directly to the test on the assign-
ment, in which case, the assignment text
could be used as an instructional frame
rather than as an assignment as such; or
3} the proiram chains directly to another
program which could be placed on the stu-
dent disk by the author.

When a student finishes a test, he is
given instructions which may be the next
main assignment, a remedial assignment,
the same assignment again, directions to
see the instructor {a block is placed on
re-entry until the instructor unlocks the
disk}, or instructions to turn the disk
in, if the student has finished the last
assignment. All scores for each test are
stored in the studex file which also holds
the information on a student's location
in the algorithm and his re-entry status.

MASTS DATA COLLECTION AND DISPLAY

When students have completed their
MASTS disks, the disks are turned in to
the instructor for data retrieval. One
of the options on the authoring program
master menu is collecting data from disks.
Each student disk is placed in the second
disk drive and ig read by the author pro-
gram vollect subroutine. The information
fields and scores for each test are stored
with those for all other students. when
all student disks have been read, the in-
structor way use the result display option
from the master menu. This option causes
the computer to chain to a data display
program that computes and displays
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statistical information for each test apd
each gtudent. If s particular test has
been repeatad. the statistics are computed
for each attempt, “This information may ba
displayed on the monitor, printed on a
line printer, or both. The student data
is stored in gtandard ASCII text files so
that simple programs may be written *0
transfer student data to other data base
formats used by more sophisticated statis-
tical analysis packages.

APPLICATION AND EVALUATION

MASTS has been used for two semesters
in an upper-level media course for educa-
tion majocs at the University of Taxas at
Austin. Most of the class time for this
course 1is spent teaching production pro-
cesges while MASTS is used to assign out~-
g2ide readings describing media applica-
tions. 1In the past, assignments wWere made
with 2 reading list, but many students did
not finish the readings. Another approach
uged was to require students toO write re-
action papers or short reports based on
the reading assignments. but this approach
reduced the number of readings that could
be assigned during a course. Using MASTS
for these assignments allows the instruc-
tor to set due dates for completion that
coincide with related in-class activities.

These first applications of MASTS have
served as formative field evaluations help-
ing to define needed changes and to catch
bugs as only trial by fire can do.
added benefit from using MASTS has been
that the computer anxXieties of students,
most of whom have never worked with a com~
puter, have been lowered {according to pre-
and post-MASTS questionnaires}.

MASTS HARDWARE

A Radlo Shack TRS=-80 with 48K memory
and two disk drive upits is used for auth-
oring and data collection from student
disks. The student programs reguire only
one disk drive and 32K memory.

CONCLUSIONS

The definite student enthusiasm and
lack of major problems encountered in im-
plementing MASTS indicate an open door for
exploring the use of small scale CMI.
MASTS or a similar system could form the
heart of a programmed text or workbook.
Another application might be in individual
learning centers, using all forms of in-
structional materials as possible assign~
ment media.
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ABSTRACT
This paper describee the function and

structure of a data base system called
RIBYT, which simultanecusly controls and
associates questions in question pools for
many courseg of instruction. The data
base stores guestions created by both fac-
ulty and students and ie used for formal
testing and student eelf-assesasment. The
structure of the data base allows rapid
retrieval of multiple types of gets based
on predetermined logical associations.
The data baee also provides for the col-
lection and association of feedback
information not only on student perform-
ance, but also on the guality of the gques-
tions in the data blase. This quality is
assesped through students' subjective com-
ments about the guestions they receive and
through statietical item analysis. Feed~
back 1z also provided to students on how
they are able to improve the quality of
their question input. The gtructure of
the data base ia easzily transferable to
many data base systems which currently
exist.

IRNTRODUCTION
Many educators administer One Or morae

pools of objective test questions as the
basie for examinations. These pools usu=
ally are in the form of multiple-choice.,
fill-in-the~blank, or colump-matching
guestions. Educators have a nead t¢ gen-
erate, organize, stora, _modify, and
ratriave guch test questione-.

lpyblishing companies like Harcourt,
Brace, Jovanovich (7) and SRA (10} have
recognized this need and are willing to
supply such pools in certain courses to
faculty who adopt their texts. Their
pools, however, lack associational etruc-
ture and ars merely segquential files
organized by text page number.

Va, 23284
571=1737

.

The logical associations among the
queations within a pool present a Jiffi-~
cult adminigtrative problem. Questions
must simultaneously be ordersd in a number
of ways: they may be grouped intc sets by
course topics, by textbooks, by page num-
bers within textbooks, by teats in which
the guestione were usad, and by many other
categories. Question pools are alsc dif-
ficult to manage bacause theay are dynamic:

veations have different life epans, sub-

ect to such factors as over-exposure in
usage. changes in texthooks, and obsoles-
cencea due to tachnoelogical changes. Naw
questione must continually be added to
thege pools and sach new question forms
multiple associations with previously
existing questions. 1In addition., periodic
rewording and pruning of existing ques-
tions are reguired and, unless the ques-
tions in a pool are already wall organ-
ized, it is difficult to detect synonymous
questiona, .

Many traditional file systems have
attampted ¢ solve these associational
problems. Yet, frequently these syetems
are expengive, overlyY complicatad, and
difficult to use. They lack the capabil-
ity to make multiple associations among
the data items.

DATA BASE TECHNOLOGY

Data base technology over the past tan
yeara has bheen successfully applied to
many storage and retrieval problems espe-
cially where multiple associations exist
among data elemants. Such associations
are logically represented as relatione
{2}, hierarchical etructures {8}, and sim-
ple or complex networks (%)}, They are
physically implemented through  such
mothods as  hashing, tablea, and lists,
The data base approach has penetratad
business and government and is in the
process of replacing many traditional file
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gystems. DBMS are currently available
even on mwminicomputers 1like 1IDM's Sys-
tem/38, Hewlett Packard and DEC machines.
However, educs:ional institutions have
been slow to ugse data base systems except
for gome purely administrative functions.

FUNCTIONS OF RIBYT
In this paper, we describe the func-

tions and structure of the data base sys-
tem called RIBYT at Virginia Commonwealth
University. This system applies data base
technology t¢ the associational problems
of using apd maintaining pools of Gues-
tions for formal testing and student
self-assassment<. The single data base
contains multiple pools of questions: one
pocl for each course using RIBYT. The
guestiong are of various types, including
multiple-choice questions with single or
multiple correct answers; fill-in-the-
blank questions with multiple and alterna-
tive correct answers:; and column-matching
quegtions, Each pool is upder the direct
control of the faculty members responsible
for the course. In addition to faculty,
students in some courses are allowed to
create and add «questions into the data
hase. Student questions, however, are con-
sidered unedited until reviewed by a fac-
ulty member. Such questions., while physi-
cally intermingled with edited guestions,
are logically distinct. During the review
process, student guestions are accepted.
modified, or deleted3. pThe guestion pools
grow at a wmuch more rapid rate when stu-
dents are allowed o enter guestions.
With a large pool of dquestions and the
security provided by 2 data base system.
facelty allow student self-testing in a
nonthreatening spirit similar to the
self-agsessment procedures afforded mem-
bers of ACM (11}). Students view either
faculty selected questions or random sets
of questions, and receive feedback on
their performance. The faculty control
which questions the students are allowed
to view, but students control (within lim-
itg) the number of questions, the course
question topics, and text page ranges over
which questions may be selected for self-
agsesgment., Students are generally enthu-
siastic about participating in question

2The self-assessment agpect of RIBYT is
one of the data bage's unique character-
istice, from which it derives its name
BtRaview It Before You Test).
The review process is also used to modify
or delete qguestions which have failed
statistical item analysis.

generation because they understand the
merits of the gself-testing.

To improve the quality of student
questions, faculty, while reviewing the
questions, optionally enter into the data
base comments directed to the student
authors of the questionas. This feedback
is a learning experience in test construc-
tion, but even more s8¢ in course content.
There are two other feedback mechanisms to
improve the dguality of the questions in
the data base. First, from an inspection
of patterns of student responses faculty
may detect acceptable alternative respon-
ges that were not previously considered.
Secondly. students can enter into the data

base complaints concerning any of ‘the
self-aggessment questions they have
received, As a result faculty and gtu-
dents critique the self-assessment gues-
tions. Questions for formal examinations
are selected from questions which have
alrendy passed through these filters.

Student regponses to test guestions
are used not only for student performance
evaluation., but also for statistical item
analysis. Each response entered into the
data base is associated with a unigue
question number within the data base, a
course test number, the question number
within the test, the student making the
response, and the student's gcore for the
response.

The RIBYT data base system associates
two course topics with each question in
the data base. Topics assigned to ques-
tions by students are congsidered tempo-
rary, wuptil reviewed for editing by fac-
ulty. Each course can organize itg
permanent  topics  hierarchically and
independently of any other course. There
ig no 1limit to the depth of any of the
hierarchies. The topics for all courses
are physically in the same data sets of
the data bage, but logically kept dis-
tinct. The hierarchical organization of
topicg provides flexible retrieval possi-
bilities. Quegtions may be retrieved based
on specified topics. Alternatively. they
may algc be retrieved by topics that exist
ag children nodes in ¢he hierarchical
topic structure. Retrieval, thereforr., is
made ag generic or specific as desired.
Faculty and student users can view at any
time the hierarchical structure of the
topics which, similar to the questions
:i:hin any question poel, changes over

e.

IMPLEMENTATION OF RIBYT

RIBYT wag designed under the assump-
tion that faculty and students using the
system would know little or nothing about
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data basa processing. Application pro-
grams written in COBOL and BASIC act as
the communication between the DEMS and the
users, who accaess tha system through batch
and on-line davices. RIBYT is implemented
on a Hewlett packard 3000 Series II com-
puter using the DEMS package. IMAGE, which
has bean widely acclaimed {5}. The design
of RIBYT is not reatricted to IMAGE, how-
evaer. With minor modifications RIBYT can
be implemented on many network-oriented
DBMS. CINCOM's TOTAL DBMS is but one
example (3).

ASSOCIATIONAL STRUCTURE OF RIBYT

Figuras 1 and 2 illustrate the 22 data
sets (files) of RIBYT. Thare are eight
masterd and 14 detail data sats. Mastar
dsta gets contain records s%ored by hash-
ing. Each master record, composed of ona
or mora data items, can be linked to one
or mora detail data sets. Master data
sats can ba viewed as either independant
files or as sets of records whare aach
record acts as a chain head to one or mora
records in a detail data sat. Within a
detail data set records are linked by for-
ward and backward pointers to form sats. A
detail reccrd may belong to one or more
master data sets. Master data seks arae of
two types, manual and automatic. Unlike
racords in manual data sats, automatic
data set records ara stored or deleted by
tha DBMS itself. Thesa records act as
chain heads for records in detail data
sets. With this data base architacturs,
networks of associations among records and
data sets can ba created and then manipu-
lated by the DBMS. Figures 1 and 2 show
for each data set its name, its type5, and
i&; associations with other data sats.
Within a detail data set a chain of
racords can be further logically ordered
by specifying one of tha gata items within
the racord as & sort item®.

dAside from the terms "master" :.and
"detail®” which ara peculiar to Hewlaett
Packard, we will adhere to CODASYL(l)

tarminology as closely as possible.

5In figuras 1 and 2, B=Binary and
X=aAlphanumeric. Tha numeric wvalua fol-
lowing the alphanumeric specification "X
represents the number of bytas assigned
to that data item.

6In figures 1 and 2 theoe sort items are
designatad as "S" under the appropriate
dsta items.
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Before faculty or students stora oOr
retrieve gquestions, information concerning
the users is stored in the data set called
ROSTER?, course information in the data
sat TEXTBOOK-MASTER, and system initiali-
zation information in the data set LAST-

MASTER. Each racord in ROSTER contains a
user's ., coursa and saction nuwber, a
status (faculty or student), and a unique

user identification number. TEXTBOORK=-MAS-
TER contains 'ona racord for each block of
twenty pagas of sach textbook. Each record
contains the taxtbook title, and a data
item POOK-BLOCK composed of coursae and an
associated textbook number and the page
block. Such structuring gives mora rapid
ratrieval for those guastions based on
taxtbook page -.umbers. The data set
LAST~MASTER contains one racord. Stored
here are the sequence numbers of Lhe last
uestion entered into the data bara
LAST-QUES)}, the last temporary topic
{LAST~TEMP-TOPIC) , the last permanent
topic (LAST-PERM-TOPIC), and a faculty
password {FAC-CODE}. The lattar allows
faculty to perform such special functions

- as dumping an entire guestion pool for a

course. In additiob to the security pro-
vided by the operating system and the
DBMS, FAC-CODE and ROSTER are used to con~
trol access to the data basa. SYSTEM-
STACK is the other system data sat., imple-
mentad as a stack that contains
information on the last 50 interactive or
batch jobs run. Each record contains a
time stamp, plus a user and program iden-
tification numbar. This information aids
in backing out of system malfunctions and
detecting upauthorized access.

A usar, wishing to enter questicns
into the data base, begins a sassion at a
CRT by choosing from a menu of  textbooks

associated with the user’s courses. This
menu uses information from the data setas
ROSTER, ALTERWNATIVE-COURSE, and TEXTROOK-

MASTER. Than. for each question, users
are promptad for background information on
tha guestion baefore entering the  text of
tha duestion. This information will ba
enterad into the data set QUESTION-INDEX.
The usar enters two course topic numbers,
a textbook page nuwbar, and tha type of
guastion. The application program assigns
a permanant or a temporary number to each
new topic. The names and numbers of naw
topics are entered intc tha data set TOP-~
IC-MASTER. If the user wishas to index a

7For readability the data.base. data satse.
and data items are shown in capital let-
tars.
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guestion on only a single topic, the sec-
ond topic becomes a dummy. The proygram
then adds to the racord in QUESTION-INDEX
the DATE, the BOOK-BLOCK. a unigue gues-
tion number (QUES-NUM), the version number
of tha quastion (QUES-VERS), and the
user's identification numher. The atatus
of tha guestion (QUES-STATUS) is set to
*edited" if the user is a faculty member,

‘otherwvise: it is -set- to "unedited.” The

other data items in QUESTION-INDEX are
initialized to zero.

After all data item values have Dbeen
coastructed for a record in QUESTION-IN-
DEX: as the record is physically stored,
the pEMS crsates multiple assoclations
using hashing and linked lists. The ques-
tion's background information in QUESTION-
INDEX is linked to its author in ROSTER,
the textbook referenced in TEXTBOOK-MAS-
TER, the question's topics in TOPIC-HEAD,
and itz unique question number in QUES-
TION-=-HEAD.

The text for a gquestion and ite
answers are next entered into the data
setse QUESTIONS and ANSWER-CHOICES. For
fill~in-the-blank questions the text is
stored in QUESTIONS and the answers are
storad in ANSWER-CHOICES. Alternatively
acceptable answers for each blank are
storad in ANSWER-CHOICES. For multiple-
choice questions, the stem of the guestion
is gtored in QUESYION and the choices in
ANSWER-CHOICES. PEach cholice is designated
as correct or wrong (CORRECT-WRONG). One
can not afford to assign to each quesgtion,
choice, and answer a fixed length aqual to
the largest possible pumber of bytes the
text might need, rather, data base tach-
nology is used to solve this problem.
Text is considered as 40 or 72 character
blocks linked together. Records in QuESs-
VERS-HEAD are chain heads for seis of
character blocks in the data sets QUES-
TIONS and ANSWER-CHOICES. Within the data
set QUESTIONS each textual block of char-
acters ig assigned a sequential line num-
ber {LINE-NUM), which is used as a gort
item to keap the text in correct logicai
order on a chainB. Since any choice of a
miltiple-choicea quastion may alsc have
mora than one line of text, the sort itam
called SEQUENCE is composed of the alpha-
betic choice designator (A.B.C.Dior E)
concatenated to a text line number within
tha cloice. 'This asystem automatically

. B R R I

BRecords in any of the data sete are not
necessarily stored in the same order in

. Which they were input.

koaps the choices and the lines of text
within each choice in logical order. The
total number of times each choice is
salacted as an answer in either formal
testing or self-testing is later stored in
the data item RESP-TOTAL.

QUESTION RETRIEVAL

There are many selection options for
guestion retrieval from RIBYT, aside from
retrieval for aediting purposes. Question
retrieval is first divided into formal
testing and self-testing. Faculty can
restrict questions so that these are used
only in formal tasting. Each type of
testing is further divided intc three
options. Under the first option faculty
specify by question number the actual
guestions to be included in a test. Under
the second option faculty specify that a
single set of gquestions are to be randomly
selected for an entire class. Under the
third option faculty indicate that a dif-
ferent sat of guestions are to be randomly
selected for each student. Faculty may
specify that questions are to© be salacted
based on one or more topics, page ranges.
or any combination of topics and page
ranges. In salf-testing: faculty may
leave topic and page celection to each
student's choice.

DATA SETS USED IN QUESTION RETRIEVAL
Three data seta are used to control
question retrieval. ‘Thesa data sets con-
tain specifications that ara used by a
retrieval program to gelect questions from
the data base for formal testing and
self-tasting. 'The first data set, TESTS,
has a primary key COURSE-TEST-NUM, which
is a combination of the course designation
and a test number within the course. Each
racord in TESTS representa & single test.
Each record has a SECURITY-CODE to control
access to the test. The percentage that
each test representa towards the total
course grade is stored in TEST-WEIGHT.
the pumber of questions per test, the num~
ber of times a test may be taken, the
average difficulty factor per test ques-
tion, the types of guestions, the s=elec-
tion options, and the mix between vali-
dated and unvalidated guestions are atorad
in the data set TESTS. %hen faculty wish
to designate the actual test Guestions,
the gat of guestion numbers is atored in
the data set SPECIFIED-QUES by gquestion
number (VERS-NUM). Each number acts as a
search, ar t to retrieve the taxt of
ona questi n, 'This retrieval is parformed
as follows. First the systam uses the
valve VERS-NUM in SPECIFIED~QUES to hash
into the data set QUES-VERS-MEAD. The
reirieved record then points to-sets of
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sextual blocks, representing a question,
its choices, and answers in the data sets
QUESTIONS and ANSWER~CHOICES.

The data set PAGES-TOPICS is a multi-
purpose data set. Each record in PAGES-
TOPICS stores either a textbook page range
or one or two course topic identification
numbers. Each record is linked €0 an
individual test in the data set TESTS.
The value of the data item PAGE-TOPIC-
SWITCH indicates whether a record contains
Page or topic information. For pages, the
data items START and END store page ranges
and the data item BOOK-HIER stores a
course textbook identification number.
For topics, two topic identification num-
bers can be stored per record; one in
START and one in END. BOOK-HIER is then
used as a binary switch to indicate
whether only designated topics or their
hierarchical children are to be included
in guestion retrieval. Question rétrieval
baged on texthook pages is accomplished by
hashing into TEXTPOOK-MASTER and followirg
appropriate chains into the dsata set QUES-
TION-INDEX and f£from there using the com~
bined data items, QUES-NUM and QUES-VERS,
as a key to hash into QUES-VERS-HEAD.
Then the program follows chains into QUES-
TIONS and ANSWER~CHOICES as described
above. Question retrieval by topics is
similar after entry into QUESTION-INDEX
from TOPIC-HEAD. Since all hierarchical
twins of a given parent topic are organ-
ized as a get in the data set TOPIC-INDEX.
whose members are linked to a topic in
TOPIC~HEAD, sub~topics are found by first
hashin? into TOPIC~HEAD and following a
chain into TOPIC-INDEX.

STORING AND RETRIEVING TEST RESPONSES AND
TEST SCORES

Information concerning student respon-
ses ig stored in six data sets; TEST-
SCORES, TESTS, RESPONSES, STUDENT-GRIPES,
ANSWER-CHOICES, and RESP-FEEDBACK. The
sat of all test scores for a given test is
linked together within the data get TEST-
SCORES, and thig set is itself linked to
the data set TESTS. Within the data set
TEST-SCORES 1is a chain associating all
tests for sach stadent. since RIBYT han-
dles the possibility that the same student
takes the same test more than once, each
test score is made unigue by being associ-
ated with a time stamp pDAYE-TIME in TEST-
SCORES.

The student responses to each test
question are stored in the data set
RESPONSES. Each record is csomposed of a
guestion identification number (VERS-NUM),
the gu2stion number within the test, the
text “ine number within the response. a
code indicating whether the response was

<20
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corract or incorrect, the student's
regsponse, and a comhined data item {USER-
DATE~TIME) formed from the student identi-
fication number and the time stamp. Each
regponse in the data set RESPONSES is on
two link paths, one originating from the
data sat QUES-VERS-HEAD, the othsr from
the data set TEST-HEAD. In addition,
gince it ig desirable to have the respon-
ses continually sorted by test guestion
number within a test and since there may
be more than one text block Per student
ragponse, the two sort items, TEST-QUES-
NUM and LINE-NUM, are used ag major and
minor sort fislds for the records on a
USER-DATE-TIME chain.

Begides receiving the traditional per-
formance feedback to their responses ({a
list of correct answers, dquestions, and
test scores), students may receive textual
comments concerning particular responses.
Faculty store these in the data set RESP-
FEEDRACK, After students raceive feedback
on their tests, they may enter into the
data set STUDENT-GRIPES their reactions to
any individual test uestions, anony-
mously, or by student identification num-
ber. Course grades can easily be deter-~
mined based on the data sets TESTS and
TEST~SCORES.

STATISTICAL ITEM ANALYSIS

Two measures of a question's quality
under statistical item analysis are item
difficulty and item discrimination {4). A
difficulty index is calculated concur-
rently for every gquestion in a test. The
get of sgtudent responses is retrieved by
hashing into the data gat TESTS with the
keay COURSE~TEST-NUM and obtaining all
chained records in the data set TEST-
SCORES. For each record retrieved the
data item values of USER-NUM and DATE-TIME
are used as a copcatenated Kkey to hash
into the data get TEST-HEAD. All test
responses for a single student are
retrieved from the data item CORRECT-WRONG
of the data get RESPONSES through a chain
originating in the retrieved TEST-HEAD
record, and this procedure is then
repeated for each student. The retrieval
iz rapid and passes over all other tests
in the data base. The calculated Adiffi-
culty indices are then storcd in the data
sat QUESTION-INDEX. The calculations for
statistical item discrimination reguire
the same data sets as item difficulty
determination.

CONCLUSION

The associational power inherent in
the data base sgystem RIBYT allows many
relationships ¢o be made and maintained
among courses, textbooks, cours2 topies,
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students, faculty, tests, test guestions,
test construction options. and student
responses to queations. RIBYT stores sub~
Jective and statistical feedback on the
guality of the guestions in the data base
and aseociates this feedback with the test
guestiona. This system supports formal
testing and self-assessment procedures apd
allows the storage of many types of ques-
tions, while imposing no limit on the size
of any question or answer. - The centrali-
zation of the logical associations into
one data base provides hetter security and
easier maintenance than traditional ~ f£1i)

systems. A
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COMPUTER MANAGED PLACEMENT

MATHEMATICS INSTRUCTION

HEALTH OCCUPATIONS STUDENTS

Thomas A. Boyle

Purdue University

West Lafayette, Indiana 47307
{317) 749-225¢6

- INTRODUCTION

The Indiana Vocational Technical
College at Indianapolis {IVICIN) main~
tains an instructional program to serve
the mathematics needs of students be~
ginning study in health occupations
technologieg. The program ie based oOn
Streeter and Alexander's Fundamentale
of Arithmetic {1), beginning w%tﬁ
whole number operations, continuing
with fractions, decimals, and percents,
and extending to ratios and signed
numpers. The materials are organized
in 15 modules, each with a pre~test,

& practice test, and a mastery test
used to guide individuval students to
the study materials appropriate to
their evident needs.

Although the instructional
materials in the program proved
appropriate and were reAsonably well
received by students using them,
certain procblems soon developed in'
guiding students to the modules speci-
fic to their needs., In particular, the
following were noted:

1. The handling of pre~tests on
an individual basis was time consuming
and otherwise a burden on testing
pearsonnel,

2. Because of the limited number
of pre-test formg and the level of
supervision for actual testing, it was
possible for atudents to use the pre-
test materials in ways which would fool
themselves regarding their mathematics
skills.

3. Capable students were bothered
by the need for uorkinicfhxough several
tests in order either find a suitable
starting module or to demonstrate
competency-and by-pass the program
entirely.

Peter T. Magnant

Indiana Vocational Technical College
1315 East Washington Street
Indianapolis, Indiana 46202

4, Neither the gtudent nor the
staff could readily get an impression of
how the student stood with respect to
the whole program.

COMPUTER APPLICATION

In an effort to mitigate these
problems, work was begun early in 1978
to adapt test materials and procedures
which had been in use at another IVIC
institution {2). These materials con-
sist of a programmed test format, which
require . students to attempt equal num-
bers of test items in each of several
cateqories, togeother with computer
scoring and data processing. This use
of & combuter enables first the scoring
of each student in each item category,
with subsequent determination of score
statistics for each student group. As
will be shown in subeequent examples,
this use of a computer yields informa-~
tion in detail which would be practi-
cally impossible to get from hand scor-
ing. Previous work with the combina~
tion of test format and computer data
processing had demonstrated efficiency
in the use of test administration time
and the possibilityof rendering in-
formation from each of several relative~
ly independent item categories (3).

Figure 1 shows the computer scor-
ing ocutput for a select group of
students. The category of subtest
scores abpear in six columns following
the student names. A Key at the bottom
gerves to identify six subtests. For
this teet scme grouping of modules was
necessary, e.g., instructional modules
1-3 dealing with whole numbers are all
represented in subtest one. The key
further identifies the SCR column as

4+
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SUBTEST SCORES
NaME 1 2 3 4 5 6 1-6
Pob W, 3 -4 2 1 =4 1 -1
.43 =57 «33 .17 =.80 .17 -.03
BevH. 5 =2 =2 =5 1 =4 =7
T eB3 =22 =.29 -.63 .14 =-.57 =-.16
gue Do 7 -4 =2 0 =1 =2 2
1.00 -.40 =-.29 0 =-.13 =-,22 ~. 04
Jon., 7 -2 1 -4 0 =2 0
1.00 -, 20 -,13 =-,57 0 - 25 0
Pat W. 7 5 3 5 4. =1 23
-, 1.00 .5 .43 .83 .67 -.14 .55
Pam W. 7 8 2 0 =2 0 15
1.00 .89 .22 0 =,25 @ .31
Joy D. & 7 6 =1 2 2 24
1.00 .78 1.00 -.13 .29 .20 .50
DeeR. 8 8 5 -1 5 0 25
1.00 089 071 "01‘ .71 0 05‘
Liz X. 7 9 6 =2 7 g 35
1.00 1.00 .86 =.25 1.00 1.00 .76
Xay n. 7 10 7 =7 8 g8 33.
1.00 1.00 1.00 -.88 1.00 1.00 .69
SUBRT

-
" 6 = SIGNED NUMBERS #»»

DIVIDED BY RELATED NF »*

holding the sum of eix subtest and the NF
column as showing the total number of
items attempted by each student. HRumbears
at the far right identify the first 15
mistekes made by each astudent.
TEST SCORING

Subteat scores for each student are
presented in two numbers. The firet, the
raw score for each subtest, is based on
one point for each correct rasponse.
penalty is applied for making errors in
sequenca; this scoring yields an expected
score of zarc for a student strateqy of
pure guesging. If performance is worse
than that from pure guessing, f.e., if @
student consistently makeg errora in e
subtest, then thet subtest scores hacomes
negative. The second number, the retio
score appearing helow each raw scora, is

37
44
48 7
48 31
42 18
48 31
48 7
46 53
46 13
48 13

EST

1l = WHOLE NUMBERS ** 2 = PRACTIONS ** 3 sDECIMALS
** SCR = SUM OP SUBTEST SCORES ** NF = NUMBER OF ITEMS ATTEMPTED ** RATIO SCORE = SCORE

Figure 1. Pacsimile M-31 Mathematics Scoring Program Output

“beginning of the instructional program.
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30

30
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45

28

45

59

26
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30

ERROR

5

52

18
23
19
83
67
76
66

79
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50
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66
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77
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ITEMS *

26

58

57

59

76

77

85

85

65

61 72 76 82 71 79 8§

14 66 76 82 71 85 7

40 14 66 76 82 71 6

44 66 76 71 79 62 6

81 74 62 83 80 78

85 81 74 66 76 65 7

T5%77 79%73 65*79 6

8l 70 65 66 76 65 6

KRY
#* 4 = PERCENT ** 5 = RATIO **

tae result obtained from dividing the raw
score by the number of related items at-
tempted. Aé should be evident, the com-
putation of seven raw scores and seven
ratio scoree would present & formidable
task for angone attempting hand scoring of
this type of teat.
APPROPRIATE PLACEMENT

The students represented in Figure 1
were selected to present a range of atuy-
dent performance. Bob, the first student.
obteined a row of scores which could well
reault from guessing. It appears likely
that he mede consistent errors in itens
desling with frections and ratios, but he
earned only three points in seven sttempts
with whole-numbers, o we may be reason-
ably confident Bob should start at the

20
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INDIANA VOCATIONAL TECHNICAL COLLEGE

INDIANAPOLIS
M ~ 31 MATHEMATICS SKILLS ASSESSMENT PROGRAM
FOR
Pat W. 4 679 80981 44

THIS PROGRAM I5 AIMED AT HELPING YOU DEVELOP THE BASIC MATHEMATICAL SKILLS NEEDED
T0 DO AN EFFECTIVE JOB IN THE IVIC SPECIALTY YOU INTEND TO ENTER. THE PROGRAM HELPS YOU
AND YOUR INSTRUCTOR FIRST BY NOTING THE PARTS COF THE IVTC MATHEMATICS SEQUENCE IN WHICH
YOU MAY ALREADY HAVE ADEQUATE SKILL. MNOTE IS ALSO MADE OF THE SECTIONS, OR MODULES IN
WHICH YOU APPEAR TO NEED ADDITIONAL HELP AND PRACTICE. AS YOU XNOW, MOST PERSONS EN-
TERING TECHNICAL EDUCATION NEED TO IMPROVE THEIR SKILLS IN SOME PARTS OF MATHEMATICS.

THE PRIMARY PURPOSE OF THIS ASSESSMENT PROGRAM IS TO HELP YOU GET STARTED AT THE
POINT WHERE YOU CAN DO YOURSELF THE MOST GOOD., ONCE YOU RHOW THE MATHEMATICAL MODULES
YOU MEED TO WORK ON. YOU WILL PIND YOUR INSTRUCTOR AND THE LEARNING LABORATORY STAFF
READY TO HELP. . AND AFTER A PERIOD OF INSTRUCTION AND PRACTIUCE, YOU CAN CALL ON THE
SKILLS ASSESSMENT PROGRAM TO CONFIRM THE PROGRESS YOU HAVE MADE.

THE POLLOWING MESSAGES SHOULD HELP -

pat W.
YOU WORK SOMEWEAT FASTER THAN THE AVERAGE WHEN TAKING THE TEST. THIS IS A REASON-
ABLE STRATEGY. DUT YOU MAY BE GUESSING ANSWERS TO ITEMS WHICH YOU COULD soLve IF YOU
SPENT A LITTLE MORE TIME ON THEM.

IT APPEARS YOU DO YOUR BEST WORK WITH THE MATHEMATICS IN MODULES 1 - 3. YOUR SCORE
OF l00 INDICATES ADEQUATE SKILL WITH WHOLE NUMBERS.

JUDGING FROM YOUR RESPONSES, IT APPEARS LIKELY THAT YOU HAVE ADEQJATE SKILLS IN THE
FOLLOWING TOPICS.

TOPIC SCORE IVTC MATH MODULES

PERCENTS 83 TEN

ALTHOUGH YOUR SCORES DO INDICATE SUFFICIENT SKILL, THERE MAY BE SOME ROOM POR IM-
PROVEMENT, AND YOU MAY BENEFIT FROM A QUICK REVIEW OF ONE OR MORE OF THE MODULES LISTED.

EVIDENTLY YOU HAVE MADE SOME PROGRESS IN LEARNING ABOUT FRACTIONS, HOWEVER YOU DO
APPEAR TO NEED MORE PRACTICE WiITH THE MATERIALS IN MODULES 4 - 7.

PROBABLY YOU CAN DO YOURSELF A LOT OF GOOD -BY GETTING TO WORK ON THE MATERIALS IN
MODULES 8 -~ 9, EVIDENTLY YOU DO NOT HANDLE DECIMALS VERY WELL.

NO DOUBT, YOU REALIZE THAT YOU XNOW SOMETHINGS ABOUT RATIOS, ByT YOU DO MISS SOME POINTS
HERE AND PROBABLY WILL BENEFIT FROM ATTENTION TO IVTC MATH MODULE ELEVEN.

EVIDENTLY YOU MADE MISTAKES ON THE FOLLOWING TEST ITEMS
) 18 56 52 5 59 19 66 76 91 74 62 83 80 78

Figure 2. Pacisimile M-31 Mathematics Soaring Program Output

The next three students received in other subtests.

very low scores in most subtests, vet pam, Dea, .and Joy, the next students
scores which are eavidently adequate in listed, had scoraes characteristic of ade-
the whole number subtest. Bav had the quate performance in two or thres sub~
lowest total score (=7) observed to date, tests. Recommandations for these students
but did five out of six whole~number would lead to intermediate modules in the
itemg correctly. Evidently these students inutructional program. The scores for
will benefit from starting with the in- Pam and Des jindicate gsome study is needed
structional materials on fractions. Pat baginning with module eight. Joy may
will also benefit from starting with the wall be advised to begin with module ten.
instructional materials on fractions: The two students remaining, Liz and

however, she ohtained acceptable scores Kay, received pcactically perfect gcores




in all but one subtest, Evidently these
girls made all but one of their mistakes
on items in the percent subtest. Xay‘s
scores are especially noteworthy. She
worked rapidly on the test, attempting 48
itens in the 30 minutes allowed. She
got all jtems correct in five subtests
yet nade errors in all eight of the per-
cent items she tried: the negative seven
score results because the first error is
..not penalized. —
INDIVIDUAL OUTPUT

The computer program which produces
the test scores has been extended to
vYield a one-page message for each student
on which the student's ratio scores are
ranked, and the subtests on which he did
bagt are identified. Appropriate mes-
sages are Selected, including recommenda-
tions for aotion. Duplicate copies are
prodvced for the student’s file and for
instructional supervisors. A facsimile
of this output is presented as Figure 2.
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SCORE STATISTICS

During the period to July 1979, the
M=31 test was administered to approxi-
mately 1000 IVTCIN students. From the
total group, some 763 were identified by
instructional program. The response data
from these students were grouped and test
score statistics obtained for students
entering each of seven health occupations
programs at IVPCIN. The numbers of stu-
dents identified by instructional program
ranged from 31 for health career prepa-
ration to 455 entering the practical
nursing program. Numbers of students in
groupe may appsar to change and the sums
of groups may be different from the total
tabulated in Figure 3. This 12 because
additional data were received and pro-
cessed during the time the report was in
preparation.

The acore statistics were arranged
by ranking the mean total ratio scores
for the ingtructional groups. This

THOIAR VOCATTONAL TECHNICAL COLLEGE

DDIAAPOLIS
M=31 MATHEMATICS TEST SCORE SMMARY
AGUST, 1979
IRSTRUCTIONRY, WUEE O DECTMALS PERCENT RATIOS SIGED TOTAL ITEMS
FROGRMM NOS.  FRACTIONS WO5. SOURE MITEMPTED

1 48 HESPIR THERAPY MEAN .93 75 74 .49 +76 .11 .73 20.56
N= 71 T S1D eV .09 35 .33 A4 .39 4 .22 8.62

2 28 MED LAB TECH MEAN .93 72 75 +45 .72 .70 T 40.07
N= 61 STD DV .15 Al +29 .52 .37 «37 .25 9.06

3 46 RADIOLOGIC TECH ~ MEAN .92 66 .69 .47 « 74 .66 69 39%.31
W= 57 STD DEV .13 «36 «34 «44 39 .33 .21 7.84

4 42 SURGICAL TPCH MEAN 95 57 .68 .39 .67 .69 .68  39.25
K= 57 STD LEV 09 .48 «34 +46 .51 .39 +25 8.27

5 44 ILIC PRACT MURSE  MEAN 92 .62 +66 .27 »59 «49 .60 38.65
M- 455 STD D&V 15 4l .30 .48 A7 44 .25 8.42

6 37 MEDICAL AsST MEXN .93 .62 +66 .22 +45 .46 .56 35.64
N= 39 STD LEV .12 42 .32 .50 .53 .52 26 8.27

7 93 HLUMH CAREER PRFP MEAN .78 .33 .33 =.06 «22 «30 i | 37.45
N= 3} ao eV .27 54 .40 .60 .53 .50 .38  10.87

8 ALL GRUkL MEAN 92 .62 .66 .32 +61 .55 «61 38,52
K= 810 91D LEV .15 A2 «32 .50 47 «44 +26 8.6

FIGURE 3. M-31 SCORE STATISTICS DISTTIBUTED BY INSTRUCTIONAL GROUP
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rmmmmmmﬂ%m

nanber of items attempted. With the exception
of the itemg-attempted mean, the scores repwe-
sented are ratio scores (i.e., the raw soore
divided by the mmber of related items attempted)
for sach student. As can be seen the subtest
means range from 0.95, oorresponding to a mean of
ninety-five percent, down to a negative 0.06.

ine modules. The break in the se-
quence of scores, at the
may el need for special effort if

quent modules.
SIGIIFICANCE

Two statistical tests have been perfommed
on ¥-31 data cbtained to date. Cne-vay
analyses of varimnce have been done on each
column {Figure 3} of group subbest sccres to
chack for sigmificant differences batween

groups,; for exaPble to See whether the respiratory
therapy students and the LPN's could be regarded
as oming from the same population. The analyses

vwere nin {wice, once with and onpce without the
health career preparation group. The results are
presented in Table I L terms of F. values.
WITRO? WITH

SUBEEST hEcP e

1 ¥hole Murbers 0.545 5.271%

2 Fractions 2.099 4.473%

3 Decimals 1.581 T.425%

4 pPercents 5.246* 7.455*

5 Ratio 4.172* 7.483%

6 Sigmed Manbers 7.4 B.135%

*significant at 0.0l or less

Table I. F-values for analysis of
variance in subtest scores,
with and without health
care preparation students.

These\;aluesslu.rﬂut. excluding the HCP
students, only marginal differences appear
Batyeen, gnoups with regud t6 whole number,
m; ﬂﬂm‘mm. sm‘"
cant differuneaappearintheoﬁmsubtat

HCP students included,
sigé icant. differences appear gem subtest

APPIICATION OF RESUTINS

‘Using the orocedures discussed, studonts are
able to review their own strengths and weaknassos
related to mathematics, both as individual
applicanteand in relation to the other
seeking admission into a ‘AN Area.
Indiana Vocational Technical College £t Indianap—

olis helps students in their areas of deficiency

go they can develcP the mathematical skills
nocessary for admission and eventual euccess. If
scores are acoeptable for program admission, the
Hehted%utimbeparﬂmtmmﬂndaﬁnu
a basle to increase mathematic skills in light of

specialities also within the student's present or
future range of mathematical develepment. For
example, scme students seeking to entar the
practical nursing program may beneficially
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in, o by-pass O£, A sequence of mathematice
instruction modules., Some nommative data have
been obtained and same significant differences
seam to edist between acores of students

instruction in health occupa- seeking instruction in’different health
tims., The application enables more efficient specialities.
use of school personmel and sxpadites placement
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Invited Sessions

IMPROVING UTILIZATION OF TWO-YEAR
COLLEGE COMPUTER CEWTERS

Robert L. Burrows
Triton College
2000 Fifth Avenue
River Grove, Illirvois 60171
(322) 456-0300

ABSTRACT
This discussion will begin with an over-
view of the areas of responsibility of a
computer-assisted learning agency and then
elaborate on what can be done in these
areas once one actually becomes an agency.
Specific topic areas include the following:
~--Marketing approaches to attract teachers
+0 the computer via such means as
seminars, newsletters, and commlttees.
~-~Training instructors in computers,
using as specific examples the three
courses now being offered :to Triton
faculty each semester: Introduction
to Computers and Programming, Intro-
duction to Statistical Analysis Using
SPSS, and Introduction to Computer
Graphica.

--Working with faculty to cbtain
educational goftware including
catalogs, magazines, educational
suppliers, and user groups.

~~Supporting software written or planned
for academic users, including changes
to system software, program filters
written to convert forelgn software,
an electronic mailing gystem, a
progzam directory system, and a CMI
system.

~=Working with faculty in obtaining
hardwars, using as example the
terminals and microcomputers purchased
at Triton and its plan for a computer
lab.

~~broblems with computer education
specific to a community college.
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TEACRING COMPUTER ETHICS

Walter Maner
Philosophy and Computer Science
0ld bominion University
Norfolk, VA 23508

ABSTRACT

The management, staff, and users of
information systems of all kinds will
benefit greatly from training in applied
profeszional ethics. These professionals
work in an environment where they must
deal responsibly and knowledgesbly with
critical moral problems (such as breau
of privacy, computer crime, and dehuman-
tzation} which are aggraveted, trans-
formed, or created by the advance of
computer technology.

A general rational for a ccurse in
computer ethics will, therefore, be
developed along with course design
criteria, a full course description, a
set of proposed course objectives,
associated bibliographies, and a taxonomy
of subject matter areas within the field
of information ethics.

Attendees will break intc small discus-
ston groups to stud; cagses illustrating
moral dilemmas posed by the use of
computers in education.

N
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Tutorial

PASCAL TUTORIAL

Harry P, Haiduk
Amarille College
P.0. Box 447
Amarillo, Texas 79178

APSTRACT

This tutorial is corcerned with

(1) 2 brief historical view of PASCAL in
terms of its philosphy and stated design
goals

(2) a brief review of itz current rele-
vance in a diverse set of applications,
particularly as it may relate to the new
Department of Defense Common High Order
Language, ADA

{3) a comparison of PASCAL's logic and
data structures with those of BASIC, COBOL,
FORTRAN, and PL/I

(4) actual running program examples con-
trasting PASCAL with BASIC and FORTRAN.
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COMPUTER-BASED INSTRUCTION FOR THE PUBLIC SCHOOLS:
A SUITABLE TASK FOR MICROPROCESSORS?
Dr. Timothy P. Taylor
Computer Based Education Center
308 Carroll Hall
The University of Akron
Ohio 44325
375 7848

Akron
(2163

OVERVIEW

The mieroprocessor is proving itself
ag an attractive, low-cost device which
has the capability to serve its owner as a
record-keeper, accountant, entertainer,
and tutor. The attractiveness of the de-
vice has led teachers and other educators
te explore its potential for providing
computer~based instructicon. While no de-
vice, whether it be a microprocessor, a
large computer, or something in detween,
should be viewed as simply good or bad
for education, all devices have charac~
teristics which must be considered before
an investment is made. Ome might expect
that a computer terminal connected to a
large computer (resident or non-resident)
might have capabilities that mierocompu-
ters lack, and this 1is certainly the case.
Whether or not a school shoyld purchase a
micro, however, depends entirely upon the
function which the machine will have.
Following 1is a discuscion of the educa-
tional services that can and cannot be
provided by off-the-shelf, low-cust,
microprocessors such as the Apple 1X or
Radio Shack's TRS-80 (Model 15.

DISPLAY CHARACTERISTICS

The variety of characters, graphies,
and colors that microprocessors are ca-
pable of displaying haa been a majer fac-
tor in the success of its sales during
recent years. The Apple 11 and Ohio
Scientific miecros, for sxamyle, can pro-
duce graphiecs, colors, and sounda, in
addition to displaying standard kevboard
characters. Graphics are often helpful,
particularly for the t2aching of such aub-
Jects as physies and higher ievel mathema-
tics, but thé most fmportant characteristic

required for muech of the current instruc-
tion in the public schools is the display
of upper- and lower-case alphabetic char-
acters, None of the low-cost micropro-
cessors 1s sold with upper- and lower-case
displays, although most of them can be
modified, at extra cost, to add this capa-
city. The use of color and sound can add
significantly to the appeal of micropro-
cessor-based courseware, but the lack of
dual-case alphabetic characters has to be
considered a serious limitation for the
teaching of such subjects as Euglish and
reading.

SIMPLICITY OF OPERATION

A public school student usinE & termi-
nel tied to a large computer typically be-
gins his session by being seated and typ~
ing one short message. At that point.: he
has entered the computer-based eduecation
course and is working where he left off
during his last session or where his pre-
vious performance records indicate that he
should be. One CBE course may contain
enough material to teack the student and
track his progress for a year or more. A
student using a microﬁrocessor {presumably
with at least one disk drive) typically
has a more complicated procedure for begin-
ning his session. He will obtain hig disk
be seated, insert his disk into che disk
drive, power-on the machine so that the
initial program will be losded intc memory,
and ther he is ready to begin. He may or
may not have to type & message telling the
computer to start the lesson. He probably
cannot start where he left off last time;
however, a carefully programmed lesson may
enable him to choose his own starting
point. Oue disk may contain euncugh materi-
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gl to tutor the student for a number of
ours.

In the public schools, students using
terminals connected to a large host compu-
ter can be given the freedom to use the
terminals without teacher supervision be-
cause the sign-on procedure is simple and
because no peripheral materials, such as
floppy disks, are required. Use of a
microgrocsssor may require ghe monitoring
of a disk storage area and a check-out,
check-in systen for students to borrow
disks. Since a standard S-inch floppy
disk contsins only a limited amount of ma-
terial, the student will frequently need
to exchange his disk in crder to switch to
another topiec. .

In terms of simplicity of ogsration,
the advantage appears to rest with the
terminal connected to a large host compu=
ter.

ADDRESSING A VARIETY OF LEARNING NEEDS

A typical, well-planned CBE course con-
tains a sufficient 2uantity of instruction
to meet the needs of a variety of differ-
ent students: the slew learner, the rapid
learner, the student who knows nothing
about the topic being presented, the stu-
dent who already has familiarity with the
subject matter. As the student works
through the instruction, his performance
will cause him to be branched forward for
advanced material, backward for additional
practice, or laterally for s discussion of
topics tangentially related to the primary
topic being presented. The number of
paths that a student could take through
the material is infinite because the
structure provides almost limitless bran-
ching opportunities. Since no two stu-
dents possess identical needs, it is pro-
bable that no two students will progress
along the same path of instruction.
computer~based course should be extremely
flexible, broad in scope, and capable of
han¢ling students' individual performance
styles., Failure to attain these charac~
teristics constitutes a failure to place
CRE into a category eeparate from other
media such as lectures, textbooks, and
audio-visual tapes, all of which possess
a predominantly linear flow. ~ L ..

The above characteristics make present
computer-based instruction impractical, if
not impossible, on today's most popular
microprocessors. Microprocessor tapes,
disks, and memory have a size limitation
which prohibits them from delivering a CRE
course with the breadth of scope described
above., At best, a student using a wmicro
for this type of instruction would find
himself sw:Rpins disks constantly in order
to branch ahesd, backward, and laterally.
But micrnprocessor courseware with this

degree of individualization is not avail-
able today. The educational software cur-
rently available for microprocessors con-
sists of short lessone, each addressing a
gspecific topic. Seldom does any continu-
ity exist among these short lessons. To
employ these microprocessor lessons for
genuine computer-based education would
mean that decisions as to which students
need which lessons at what time would be
made by teachers, aides, or by the stu-
dents themselves. Whether these persons
would make the correct decisions, and
whether continuity could be provided among
the lesscns collected, is questionable.
Assuming that continuitg could be achieved
students would have to be given paper-and-
pencil tests constantly in order to deter-
mine which lessons were needed by each
student and in what sequence. Such tests
are unnecessary on & large computer sys-
tem since branching occurs automatically
as a result of present and past student
performance. In a well-designed CRE les-
son, students are generally unaware that
such intricate branching is taking place.
They know ouly that the computer is moving
in g logical direction from the beginning
Eo the end of topics that they need to
earn.

TRACKING STUDENT PROGRESS
Microprocessors and large CRE systems

both have the capacity to provide on-line
agssessments, to Eivn the student some in-
formation about his progrese, and to
branch him to various locations based on
his performance. (As mentioned before,
the physicsl size limitations of the
microprocessor’s disk would frequently
neceasitate disk-swapping in orger to
switch topics.) But in order to build a

enuine performance history on ezch stu-

ent, a large system is required. Large-
system CBE can relieve the teacher of the
burden of administering periodic tests and
plotting each student's growth., By typing
appropriate keywords at the computer ter~
winal, the instructor can view immediately
any student's current and past performance
records. Typical information includes the

following:
1} the student’s first and last date
on-line.

2} the total number of hours and
minutes spent.

3) topics where mastery has or has
not been demonstrated.

4} areas of particular difficult{.

S} areas not tutored due to excellent
pretest performance.

6) average response time on drill-and
ractice items,

7) Onﬁth of individual sessions.
students’ comments on parts or all

23y




of the instruction.

This information can be displayed for one
student, a group of atudents, or all stu-
dents in a teacher's class. Hardcopy ter-
minals are often used s¢ that the report
wmay be keft for future reference. Teachers
can quickly identify any students having
difficulty, and students can become very
highly motivated when they see that they
have achieved progress from one week (or
month, or year) to the next.

The quantity of student performance
data afforded by the microprocessor is
trivial when compared to the data routinely
kept on the large system., Many (perhaps
most) of today's tutorial microprocessor
lesacns give no performance statistics
whatscever, Those lesscons that do give
performance information do not store it
permanently for the teacher's later inspec-
tion. Performsnce data are collected and
reported to the student as he is working,
but when his session is over and he re-
moves the disk from the disk drive, all
collected information is instantaneously
lost. Although virtually no microprocea-
sor courseware exiasts that builds a his-
tory of student performance, it is possi-
ble to do so. The most practical way to
accomplish such a task 18 to uae & multi-
ple-diak system. In a two-disk system,
for example, ote disk can be devoted to
collection snd storage of performance
data while the other contains lessons be-
ing presented. 1In a public school, each
student would be assigned one or more
disk for storage of his own performance
data, and these disks would be checked in
and out along with the disks containing
the instruction. Instruction would have
to be programmed carefully so that esch
lesson would store performance data on a
different part of the data-collecting
disks. An instructor wishing to view the
performance histories of his 30 students
would sit at the microprocessor with his
collestion of 20 or more disks and slip
them in, one at a time. As each student's
progreas is displayed, the information
could be duplicated in hardcopy form if
a printer is attached to the micropro-
cessor. Obvioualy, this inrpection of
student progress would be a time-consum=
ing task, and the performance data pro-
‘bably would not be as complete aa the
data collected on a large system.

It was mentioned above that typical
performance data provided on large CEBE
systems includes the student’s first and
last datcs on-line, total time spent on
inatruction, and average responee time
on drill-and-practice exercises. Unfor=-
tunately, many of today's popular micro-
processors cannot record any of this infor-
mation. It is poesible to ask the student
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what the date is or how lo:ﬁ it took him
to answer a question, snd then the stu-
dent’s responee csn be recorded, but the
reliability of such data would have to be
questicned. The absence of an internal
clock precludee the recording of dates or
elapsed time by the microprocessor. Other
types of data, such as topics mastered and
scores earned during on-line assessment,
can be recorded by the microproceesor if
the lessons are pro%rammed to do so and if
a system of data-collecting disks, like
the one described above, is established.

In short, the zollection and reporting
of student performance data are essential
in order to track progress, provide studeit
motivation, sand isolate learning problems.
Large CBE .systems address this need very
well. Microprocessors could provide some
(but not all) of the same student perfor-
mance records only after a fairly complica
ted system of specially written {essons,
student data disks, and multiple disk-drive
hardware is created. Retrieval of informa-
tion from this system would be significant-
ly more cumbersome than it is presently on
larger CBE systems.

INSTRUCTIONAL LANGUAGES

Like spoken languages, computer
languages are numerous and varied. Many
computer langusges perform similar tasks
equélli well, but some languages are
specialized to perform certain tasks better
than the -others.

Computer languagee that have been de-
aigned to provide instruction are sometimes
referred to as instructicnal languages.
Such lanfuages typically record some basic
information automaticallz for every student
on every CBE course, such as his first and
last usage dates, his total time on each
lesson, snd hia current location within
each leason. In addition, storage .facili-
ties are provided to enable the course
suthor (programmer) to store an infinite
variety of performance data permanently or
temporarily. A student progress report is
merely a systematic display of these stor-
sge facilities. An instructional language
8igo permits the course author to accept a
wide range of respnnses from the student.
For example, if the author expects ''false"
as the answer to a question but realizes
that students may misspell the word, he can
use a atat ment which essentially saye, "If
the student types a five-letter word begin-
ning with 'f’ and ending with 'e', I recog-
nize this as the correct answer."” Another
characteristic some instructional languages
have is the automatic re-atartin% of the
student at the point whera he left off dur~
ing his lsst session. Characteristice such
a8 these are not found in computer lan-
guages thst have been designed for purposes
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other than instruction.

* BASIC is an example of a non-instruc-
tional language, not because it is defi-
client in scme way, but because instruction
is not the purpose for which it was crea-
ted, 1t ias a general-purpose computing
language which is standard on virtually
all microprocessors, The language has no
pre-defined storage area for recording
student performance data, no provisions
for accepting a wide range of responses,
and nc automatic restarting of the student
where he left off last time. Naturally,
the BASIC language has capabilities that
some instructional lenguages lack, notably
in the area of mathematical computation.
Bat if BASIC is to be yaed on microproces-
sors for CBE, numerous sophisticated sub-
routines mugt be created in order to give
BASIC the characteristics of an instruc-
tional language. These subroutines will
occupy space on the disk and {ermit less
space for instruction and collection of
performance data. The subroutines must be
duplicated and stored on every disk used
for instruction. And, in spite of their
sophistication, the svbroutines will not
peroit the recording of certain types of
data such as dates and student response
time unless the microprocessor choasen con-
tains an internal clock.

As mentioned above, most languages can
accomplish most tasks. But if a choice is
made available, it is only logical to pick
the ianguage which is least cumbersome,

On large systems, the choices are numerous
and include many instructional languages.
With microprocessors, the choices are few
or nonexistent and do not include instrue-
tional languages. - On the basis of lan-
guages, it appears that preseunt-day micro-
processors are not yet prepared to handle
the level of aophistication found in large-
system CBE courseware.

LARGE-SYSTEM AND SMALY-~SYSTEM
CHARACTERISTICS

Regardlesa of the language loyed or
the performance data collected, thare are
certain. inherent characteristics of large
systems which must be evaluated prior to
making a decision to employ or abandon such
a system. On the unegative side, when the
large computer malfunctions, all terminala
connected to it become yseless. But that
&#11 terminals are using one computer also
has advantages. A major advantage is the
ability to avoid duplication of effort,
For example, when & courseware revision
becomes necessary on a large system, one
correction constitutes & system-wide
change. But if 50 microprocessors were
used in plsce of a 5)-terminal network,
then 50 individual corrections would need
to be made--one for each copy of the defec-

tive course, Such duplication of effort
is a general characteristic of micropro-
cessors, Each user has his own computer
and his own copz of each program he uses,
Fifty ugers wishing to use & mathematics
lessou would need to purchase 50 copies of
that lesson. On a large system, only one
copy of the lesson is needed, and it can
be used on any number of terminals simul-
taneously.

Another important feature of large
sﬁstems is that all uysers are acceasing
the same diask storage area. 1t is this
characteristic which permits teachers to
obtain ¢class reports oun groups of studenta
Such reports often point out the best,
worst, and average verformance record of
the group (sometimes including statistics
such as mean, range, and standard devia-
tion), thus giving the teacher an immedi-
ate picture of the group's homo or hetero-
geneity. With micro~based CBE, perfor-
mance data are likely to be scattered
across many disks, thus making such group
reports impossible or impractical.

liarge systems often possess a message-
handling capacity which is not possible on
microprocessors. Messages can be sent
between course authors and students, for
example. A student who is puzzled or who
wishes to communicate with the author of
his lesson for any reason can usaally log
a conment which the author will later read
and answer. Such communization assists
the author in locating any areas of .his
lesson which may cause confusion among
students and enables teachers or other
supervising persons to post administrative
announcements to users of the system,

Some large systems also peramit om-line di-
rect communication between terminals.

Hicrogrocessors necessitate a duplica-
tion of effort and lack message capabili-
ties, but they do provide a greater degree
of independence and self-sufgiciency. As
mentioned above, a computer malfunction on
a large system renders all terminals use-
less simultaneoualy, but oue microproces-
sor's failure has no influence on other
microprocessors. A micro is also more

ortable than a terminal connected to a
arﬁe computer since the latter requires
either a hardwired communications line or
a telephone line. And, of courae, there

are no monthly rental charges after a
microprocessor and peripheral equipment
are purchased,

WHY BUY A MICRO?

A microprocessor can serve as a valu-
able educational tool, particularly in
teaching students about computer hardware,
and can help them develop an understanding
of what happens when a program is written
and executed. Mathematics students can

Lo




also profit from a study of the BASIC lan-
guage, which can be used effectively to
solve math problems using algorithms.
Limited amounts of instruction, of course,
can be provided in tutorial or drill-and-
practice form as well. But nothing with
the scope, complexity, and record-keeping
abilities of large-system computer-baced
education can be accomplished ih a reason-
able way on today's microprocessors,

LAUNCHING A CBE PROJECT WITH
MICROPROCESSORS

Assuming that a publie school has con-
sidered the pros and cons of the low-cost
microprocessor as well as those of the CBE
terminal conmnected to a large system, and
assuming that the micro was chosen, these
are some of the steps that would probably
have to be taken:

1} purchase a microprocessor,

2) Eurchase at least two disk-drives

n order to provide the capability
for storing and retrieving student
performance data.

3} purchase flogpy disks for data
storage and for storage of the
instruction itself.

4} purchase a printer in order to
provide student progress reports
in hardeopy form.

5} modify the microprocessor so that
it will display uﬂper— and lower-
case alphabetic characters needed
for the teaching of spelling,
English, reading, and related
subjeects.

6} design machine-language or BASIC
subroutines to handle tasks al-
ready designed in instructional
languages .

7} copy these subroutines onto all
disks to be used for lesson con-
tent and/or all disks to be used
for data collection.

8} 1initialize each disk to be used for
lesson content or data collection.

9) build courseware which branches

forward, backward, and laterally
to accommodate individual learning
styles and which keeps detailed
student gerformance records on the
data=-collecting disks.

establish and supervise a system
for storing lesson and data-
collecting disks, keeping track of
which disks are borrowed {(and re-
turned) by whom, and assuring that
each student has access only to his
owvn data disk,

make copies of lesson disks if the
project involves more than one
mieroprocessor.

when errors are detected, make the
corrections on all disks containing

10}

11)

12}
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t?e defective lesson or data-recording rou-
tine.

The above steps vary in complexity
and wonld probably require years to accom-
plish. The characteristies of such a sys-
tem are contrasted with the characteristics
of present day large systems in the Summary
Chart which appears at the end of this
article.

NOTHING IS IMPOSSIBLE

It is not the author's intention to
state that microprocessors are useless for
computer-based education. In fact, most of
the undesirable characteristics mentioned
can be rectified through hardware modifica-
tion, addition of peripheral devices, or by
8imply purchasing a larger microprocessor.
But it 1s the small, comparatively unsophis-
ticated mieroprocessor that has been at-
tracting the most attention in the market-
place, This author becomes concerned when
teachers and other consumers become en-
tranced by those very attractive devices
and when salesmen with little or no experi-
ence in computer-based education make exag-
gerated claims. Quality microprocessor
courseware which has been tested objective-
ly and shown to be of educational value is
NOT widely available. Microprocessor
courseware which provides the individuali-
zation and record-keeping of large systems
is not available at all. Although it IS
possible to buy a mieroprocessor with upper-
and lower-case &lphabetic characters, and
although larger disk drives CAN be used so
as to reduce the amount of digk-swa 1:|i.n§c,l
and although an internal clock CAN be added,
such modifications result in a home brew
system which is costly and which makes the
in-house development of courseware manda-
tory. 1t is this message that the sales-
men are failing to convey.

THE FUTURE

Microprocessors will probably play an
important role in future CBE systems for at
least two reasons:

1} Their capabilities will increase.
1t is hoped that a greater choice of compu-
ting languages will be available along with
greater storage capabilities and, conse-
quently, less required disk-swapping. An
internal clock will enable the micro to
record dates and keep track of elapsed time.
Upper- and lower-case characters will be
commonplace.

2 Downloading will become more
practical. Downlocading essentially means
that the micro can commmicate with a lar-
ger machine for the purpese of copying a
program into its own memory or onto its own
disk. Then the program can be used locally,
independent of tge %arge machine. After
the session is completed, the updated
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records can be transmitted back to the
larger computer.

It is rather impractical to attempt to
emulate large-system CBE with today's smal-
ler microprocessors. A tremendous amount
of time and effort would be required, and
the final product would contain built-in
digsadvantages. By the time such a system
is built, better micro-based systems will
probably be available, At that time a re-
evaluation of the enhancements made on
microprocessors as well as on large sys-
tems Wwill be necessary.

DESIRABLE CHARACTERISTICS
Typlcal Low-Cost

Large Popular
System Micro
X Involves a one-time cost wi:thout monthly rental charges.
X Displays graphics and colors, produces sounds.
X Displays both upper- and lower-case alphabetic characters.
X Has complete portability, not dependent on a telephone line.
X Requires one step (one short message} to start instruction.
Affects only one user when the computer malfunctions.
X X Provides performance feedback while the student is on-line.
x Provides detailed performance history for teacher's later
inspection.
X El;gl;te:eggt;g:t'lts to continue where they left off during their
X Records dates and students' response times.
X oo fon"1nd1viduals o For ali studance, rined session
X Generates class reports showing histories of groups or students.
X Has well-constructed courseware immedlately available,
B X Is a system well-adapted for extensive branching to accommodate
individual learning styles,
- X Supports instructional computer languages.
B Permits messages among students, authors, teachers, and others.
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UNDESIRABLE CHARACTERISTICS
Typical Low-Cost

Large Popular
System Micro
Involves a monthly rental charge.
Lacks graphica, colors, and sound.
—-Requires a dedicated line or telephone line.
X Has upper-case display only, unlesa modified.
X Requires executing several tasks in order to start instruction.
X Requires constant disk-swapping if individual learaing styles
are to be accommodated.
X Requires a disk storage and check-in facility which must be
supervised.
X Necessitates adding more disks proportional to the quantity of
performance data desired.
X Requires creating new courseware since virtually none exists
presently.
X Mecesaitatea considerable duplication of effort.

Ll
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MICROCOMPUTER/VIDEQDISC CAX
DEVELOPMENT CONSIDERATIONS
Ron Thorkildsen
Kim Allatd
Bxceptional Child Center

UMC 68

Utah State University
Logan, Utah
{BO1) 750=3534

Providing an appropriate education for all
children in the least possible restrictive envi~
ronment will require drastic changes in our educa-
tionsl proceeses, ftom assesement and prescription
through inetruction and monitoring. Recently
Benjawin Bloom has staced, "If we are convinced
that 8 good education is necessary fot all who
live in wodern scciety, then we must search fot
the altersble variables that can make a difference
in the lesrning of children and adults in or ouc
of school” (Bloom, 1980). The alterable variables
Bloowm emphasizes are time-on~task, cognitive
entry, and formative testing. These variables
help explain the learning interactions between
teacher and student. Using these variables implies
individualizing the entire educational process,
ftom asseesment to the monitoring of learning.

Mainstreaming le currently viewed as a
necesaity in providing the least restrictive
eavironment., Mainstreeming handicapped students
creates a epecial burden for the classroom teacher,
however , introducing handicapped studeata into
the regulat classroom greatly inctaases the range
of intellectual capacity and experience of tbe
students. This broadened range wakes tbe individ-
uvalization of instruction a necessity, although
individualization will be extramely difficult
considering tbe limited resources available to tbe
regular classroom teacher.

Educators have long felt that the computer
holds a speciql promise in providing individusl-
ized Instruction, but this promise hus not been
fulfilled becavse of the limitations of audio~
viocal hardware :nd the high cost of computars.
Recent changes in hirdware should alleviate many
of these limitations, The microcomputer has
greatly reduced the cost of computing and the
videodisc has the capacity to provide tbe audio
and vieusl components necessary for effective
individealized instruction via computer-assieted
instruction (CAL).

A CAT system utilizing a wicrocomputer end
videodiasc is currently being developed as part
of a research project conducted by Utah Stace
Univeruity's Exceptional Child Center, The
eystem 18 designed to be used by nonrssders and

specifically by mentally retarded children and
adults. Even though the system is designed to be
ugsed by ¢ handicapped, it will have all the
componente necesssry for a general purpose CAT
system. With the appropriate courseware the
systea would be relevant to lesrners at any level
of intellectusl ability and expetience.

The system, teferred to as the MCVD (Micro-
Computet /VidecDisc) System, was otiginally devel-
oped ftom funds of a small grant received from the
Univetsity Resesrch Office. Subsequently 8 gtant
ftom the Media and Captioned Films Division of
the Buresu of Bducation for the Handicapped of
DHEW was awarded, The grant is for two Yeara and
began October 1, 1979.

The major goal of the project is to develop,
evaluate, and demonstrate & CAL system for usze
with mentally handicapped learnets. The system is
unique since it can communicate with nonreaders,

4 capability nonexistent or very limited in past
CAI applications. Computer-assisted instruction
systems have been devised and developed to commun=~
icate with nonreaders, but in most cases they have
used aerial devices such as audio tepe recorders
and alida projectors. The difficulty with these
syatems 1s a relatively long access time when
branching to different segments of an instruction-~
al program. A phort access time (lese than 3
seconda) 1a ctitical in moet CAY applications,

but especially critical vhen wotking witb mentally
handicapped learners since, at best, their atten-
tion le difficult to maintain.

The hardwars for the MCVD system consista of
the MCA videodisc playar, an APPLE Il aicrocom-
puter with a digital disk, a Sony l2~inch tele-
vision monitor, and a Carroll Manufacturing light-
intatrupt touch panel. The HCA 7802 videodisc
player was salected becauae of its random access
capabilities, and the APPLE XX microcomputer
syatem wae aelected because of its pottability,
reliability, and color graphics cepabilities.

A color monitor was chosen because of the addi-
tional flexibility provided by color. The touca
screen ia a light-intetrupt aystem which allows
the learner to interact with the system by touch-
ing the acreen, The hardware components are
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encloged in a cabinet that disassembles for trana~
pnrtation purpoges. The monitor will be mounted
on an rdjustable pedestal that swivels, tilte,

and cen be adjuated for elevation. This flexi-
bility and adjuatment ie necessary to accommodate
the wide range of ages and varying degrees of
motor ability. The cabinet is mowmted on retract-
able wheels to facilitate mobility.

The computer program® that control the video-
diec and receive input from the touch panel are
written in Applesoft BASIC. These programs
were originally written in PILOT, which we sban-
doned because of problems with the PILOT trans-—
lator, PILOT was originally selected becsuse of
it ease of use., We are currently exploring
various PILOT translators and compilers. We have
determined that a PILOT interpreter does not pro-
vide for sufficient execution speed to interact
with the three devices. We are also currently
investigating the potential of PASCAL ae a lang-
uage for the system.

Commumication between the three hardware
devices is accomplished through an interface bosrd
that was designed and built by USU’s microcomputer
leb. The interface board also can programmatic-
ally switch the video source to the monitor from
either the APPLE II or the videodisc. This capa-
bility allows us to transmit APPLE II graphics and
audio to the menitor while the videodisc ie search-
ing. It also allows us to prasent video informa-
tion from the APPLE II and audic from the video-
disc simultaneoualy, which provides for s great
deal of flexibility In altering the videoc images
from the videodisc.

At present the syetem interacts with the
learner by presenting an audic instruction and
the sssociated vieyal image on the monitor via
the videodisc. The learner responds by polnt-
ing to an object on the wonitor screen. When
the lesrner touches the screen, two light beoms
transmitted from each axis of the touch panel
are intertupted, and the point of interruption
is detected by the touch pavel. The X and Y
coordinates from the poiut of interrupt are
transmitted to the microcomputer. The computer
program In the microcomputer contains the correct
coordinates for each segment of instvuction, and
the coordinates transmitted by the touch psnel
are compared to these correct coordinates. If
the respomse is correct, the microcomputer
responds by referencing the segment on the video-
disc which conteine audio and visual positive
feedback. Other posasible responmse conditions
are a wrong response; a cloge responde, and a
non-reaponse. (A non-responee is detected when
the lesrner does not respond in a epecified
period of time. Recorded segments are contained
on the videodisc for these résponse conditions as
well as a variery of feedbatk, including animation
and motion picture sequences. Eachgegment of
instruction has associated parameters that specify
the number of times a lesrner must respond cor~
rectly to advance to the next segment and the
number of trials allowed before the teacher is
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signaled for help. While the learner interects
with the system, data are collected by the micro-
computer apd stored on the APPLE II magnetic disk.

Various data are maintsined which track s
learner's progress through a program of insttruc~
tion. The data are then available for analytic
purpotes and are also used by the system 0 sllow
the learper to start at a point where the previous
session was terminated. Thie automatic restart
option can be overridden by the teacher, who can
specify the point at which the learper ie to
continue. The data ie readily svailable in haxzd-
copy form via @ Centronics Printer.

Four instructional programs are currently in
various stages of development. These instruction-
al programs are developed by the Qutreach and
Development Division of the Exceptional Child
Center and have been field tested and validated.
They were chosen primarily because the instruc-
tional sequences had been validated and because
they are adaptable to the MCVD format. The
following is a brief description of the programs:
1. Matthing Progrem (Hofmeister, 77) - This
prograg teaches the child to watch objects
that are.alike in.eize, color, or shape auch
pe idencifying squares with other gquares.
This skill is necessary before the child cau
learn the more advanced skills such as names
of colors and shapes and reading. This
program was not designed to teach a child teo
to name colors, sizes, or shapes.

2. Timetelling Program (Hofmeister, 75} -
This program is to be used with any child

or adult who cannot look at a clock and
recognize what time it is to the minute. It
has been especially useful in tutoring
progrsms for the slow learner, although it is
not restricted to such use. Upon completion
of this program, the learner should be able
to look at any clock, sbowing any time, and
recognize the correct time fo the minute.

3. Recognition of Punctional Words
(Hofmeiater, 76) - This program provides
ingtructione for teaching the lesrper to
recognize functional words. This program
teaches the recognition of twenty different
words important to everyday living (e.g. stop,
go, pull, push, etc.).

4. Identification of Coins (Hofmeister, 77)
This program teaches the learpmer to recognize
coins upon sight.

Preliminary development of the Matching
Progran was completed in May 1979. A preliminary
field test was conducted and changes were made to
the system ag a result of this field test. A
second preliminary field test was conducted and
changes were made to the system as @ result of
this field test. A gecond preliminary field test
of the Matching Program is currently being con-
ducted. It was anticipated thart this field test
would be tompleted by the submission time of this
peper, however, the field test will be continued
through February 8, 1980, in order to collect
additional data. This second field test was
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neceasary to: {1) evaluate the changes in the
syster that were precipitated by the firat field
test; and (2} further define the population.

The following problem areas were determined
a8 a result of the first field teat:

1. Even though the search times ware rala-

tively short {less than 2.5 seconds), the

attention eof the child was loat when the
monitor went blank during a search time.

2. The aystem was giving negative feedback

to a correct response vwhen the child was

required to touch multiple objects on the
scraen,

3. The child seemed to lose interest im

specific positive feedback segments 1f they

were repeatad several times.

1n an attempt to rectify these problems a
nusber of changes were made to the system:

i+ A programesble switch was added to the '

interface board that allowed the co®puter

program to switch the source of video from
either the mictocomputer or the videodisc.

This switch enabled the system to presaent a

computer-generated graphic while the video-

disc was searching.

2. The algorithm in the computer program

ugad to daetect multiple responses on the

screen was changad. We determined that the
computar Program was not responding rapidly
enough to detect rapld responses from the

learner. The algorithm was changed, and a

rapid increase in respomse time was realized.

3. The algorithm used to select positive

feedback segments wae changed so that the

segmenta could be presented randomly.

The aix children inveolved in the second
field test are from the spacial education class~-
roome st the Exceptional Child Center. These
children are functioning at a lower mental deval-
opment level than those involved in the first
field teat. The purpose of this change was to
determine if children at the lower level of
development could effectively interact with the
system. The only criteria eatablished for
salection wes that the children have sufficient
motor skille to hold and point . ith a owall
pointer and aufficient receptive language to
understand simple commanda such 8s "touch the
one like this," “"that was good," "that was not
correct," and “try aguin."

The field test has been in operation for
three weeks at the time of writing. During
thie time numerous problems in working with the
test population have been identified. Since
the field test is continuing, the dsta c.auvot
at this point be analyzed and specific con~
clusions cannot be made.

The first half of the Timetelling Program
is planned for production in March 1980, The
following entry-~level akills have been estab~
lished for lesrners using timetelling courseware
(thea)le entry level akills will define the popula~
tion):

1. Learners must be able to count to sixty

and recognize numbers 1-12.

2. Learners must be able to identify basic

geowetric shapes (e.g. circles, squares,

ate.).

3. Learners must have sufficient motor

sktlls to hold and use tha pointer.

At the completion of the first half of the
program, learners will be able to:

1. Sequentislly count and place the numbers

1-12 around the clockface.

2. Recognize the digital formst {e.g. 2: )

for tha little hand.

3. Determine tha value of tha little hand

with digital cues on the clock faca and the

big hand as a distractor.

Az a result of information gained during the
second field test of the Matching Program, it was
deternined that physical prompting and practice
in_using the pointer are required before inter-
acting with the abstract oblects on the tele~
vision screen. The Timetelling Program is being
developed to involve the teacher {or another
student) in the beginning phase of the program.
When appropriate interaction with the CAY system
ia achieved, the system takea over, allowing the
learner to work independently with the CAl
system.

Based on the unique capabilities of the
MicroComputer/VideoDisc System, the following
courseware design considerations were formulated
apd incorporated into the development of the
Timetelling Program:

1. Although the availability of a second

audio track affords many inetructional

optione, such 88 instruction with different
volces or in a second language, as courae~
ware development proceeded both positive

and negative, it was determined the second

audio track ahould be usad to atore specific

feedback, to the lesrner on his performance

{aee Pigure 1). Thie feedback is apacific

to & particular segment of instruction as

opposed to the standard feedback blocks
which are used by numeroua instructional
asgments. Generally, it is the imstructional
sequences at the beginning of the program
that require specific feedback. An exseple
would be "good touching the one."

2. Strategic placement of the standard

feedback blocks can substantially raduce

the sccess time reguired by the videodisc
player to search for 8 feedback segment.

Becsuse of the nonlinear nature of the MCVD

system, standard feecdback is vaed often

throughout the program. A regreseion
equstion developed by Woolley and DeBloois
allows the prediction of access time based
on the nurber of frames (Woolley, 1980)., &
criterion of 2.5 seconds was established for
the mavimum gearch time for providing cither
positive or negativa feedback. Based on the
regression equation, the feedback segments
would have to be located within 6900 frames.
of any instructional ssgments that access it.




Meeting our 2.5 second search criteris re-
quired multiple placement of the standard
feedback blocks.

3. Periocdic testing 1s facilitated by the

nonlinear capabilities of the MCVD system.

The timetelling coursewasre and microcomputer

software are designed to branch to appro-

priate practice frames for criterion test-
ing. This branching insures that the learner
will be tested only on the material the learner
has already covered, Criteria have been
egtablished at 80% sccuracy. Teoting,
conagisting of B frames, begins and continues

only as long as the learner meets the 80%

criterion. In other words, as goon as two

frames have inaccurate responses, the softuare
branches the leamer back to the initial
lesson for continued practice. Conversely,
should the learuer meet the 80% eriterion on
his or her seventh frame, the last test frame
will be omitted.

4, The amount of repetition can be varied for

individual learners based upon their previous

performance. The learner who schieves a

predetermined level of accuracy (determined

during field testing)} may be branched ahead
to the eriterion test and given the opportun=
ity to demcnstrate mastery of that particular
concept, Learners having difficulty with the
pame concepts can be given additional repeti-
tion and subsequent practicev--.--

The two preliminary field tests and produc-
tion experience hive yielded valuable information
on the development of videodisc-based CAL. Pre-
sently one of the moot limiting disadvantages of

freasing. This presents inetructional couraevare
developers with an entirely different set of
inatructional development problems. After a disc
i8 pressed, you have to live with it. Therefore,
any experience gained from this project or other
projects should provide valuable information in
developing videodisc programs. Essentially,

a developer needs all of the up-frout knowladge
avallable before a disc is prezeed.
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THE NON-TECHNICAL FACTORS IN THEF DEVELOPMENT COF CAI

’ Michael Mocciola
Computing Center/Academic Computing
Pace University
New York, New York 10038

ABSTRACT

The most challenging opportunities and
the most serious problems that inhibit the
development of computer-aided learning in
education are non-technical. In most
educational institutions decision making,
communications, and bargaining about the
funding of computing, the purchase of
computer equipment, or the application of
computer methods is divided among the
major populations of the schools: school
board members, administrators, teachers.
department heads, and students. To
understand the socio-political factors
relatad to computer-aided learning. the
joberelated responsibilities of each of
these populations mugt be carefully
axamined., Computer educators then need
tc use the socio-political forces to the
best advantage of students and teachers
to provide enhanced classroom instruction.
Educators must recognize and foregee the
needs of the schu.l community, have early
access to pertinent information, and
communicate effectively.
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Invited Sessions

DATA SETS AVAILABLE FROM THE FEDERAL GOVERNMENT

Chaired by Thomas E. Brown
Gene~al Services Administration
National Archives and Records Service
Washington, DC 20408
{202) 724-10.0

ABSTRACT

Many agencies of the U. S. Government
routinely make computerized data available
to educators and researchers. To do this,
sore agencies provide reference service for
the data which the agency created, other
agencies distribute data originally created
by other agencies, and still cther agencies
serve as a clearinghouse for a given sub-
ject and refer researchers to agencies
having information on that subject. This

“session will have representatives from

three agencies performing these three
functions. At the end of the sessiol, one
should have a clear indication of the pro-
cedures involved in locating and obtaining
data sets from the Federzl government.

SPEAKERS:
~Les Solompn, Coordinator. College Cur-
riculum Support Project, Bureau of the
Census: a discussion of the services
which the Bureau of the Census provides
to enabie researchers to gain access to
data collected by the Census Bureaa.

Rogs 7. Cameron, Archivist, National
Archives and Recordsc Service: an outline
of the functions of the Machine-Readable

Archives Division in its mission to inven- __

tory, obtain, and provide reference ser-
vice Jor data created by other Federal
agencies.

Edward D. Mooney, Program Specialisi,
Hational Center for Educationzl Statistics:
a presentation on the Pederal Interagency
Consortium of Users of Educational
Statistics whose purpose is to facilitate
access to education data in the Federa?
government.
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ACADEMIC COMPUTING:
A SAMPLER OF APPROACHES
I MINORITY INSTITUTIONS

Sister Patricia Marshall
Xavier University of Loulsiana
7325 Palmetto Street
New Orleans, LA 70125

504/486-7411

A varlety of post-secondary minority
institutions using a varlety of approaches
to academic computing were interviewed
campus-wide and in-depth late in Fall 1979.
These interviews were gart of a larger as-
sessment of needs in educational computing
at 239 minority institutions. (1)

Faculty, students, and administrators
. were_interyviewed on computing development,
usage, problems, and successes., Diverse
approanhes were discovered, corresponding
to philosophic, demographie, geographie,
filstorical, politica?, and eultural fac-
tors.

The inscitutions were selected in order
to obtain as broad a cross section as pos-
sible within time and finaneial limits and
parameters such as ethniec compusition, type
of control, date of establishment, highest
level of offering, academle orientation,
enrollment, :%ge of access to hardware, and
experience. ile not all of the most suc-
cessful institutione were chosen, we did
try to include schools which would not feel
threatened by the interviews and which had
had enough experience to ldentify factors
inhibiting and pretioting progress. Con~
sciously excluded were such institutions
a8 the Universities of Hawall and Puerto
Rico, partly for financial reasons and
par:lg because they are g0 much larger than
minority institutions in general. The
table on the next page lists the institu-
tions interviewed a2nd soms key parameters
used in their selection. For confidential-
ity we identified them only b{ number. We
will report here on four of them; these are
named below with permission.

Institution #)

The Community College of Baltimore 1s
an Eagtern seaboard, publiec, urban, twoe

year, three-fourths black institution es~
tablished after World War II. It enrolls
over 9,000 students in day and evening
divieior ;. Twe campuses, one emphasizin
technical gtudies and one evolving towar
a focus on business studies, are united
under one administrative structure. Large
numbers of minority students began to at-
tend this school early in the '70s as a
result of outreach by the institution. .
The stable faculty consiste of only 28
percent minorities., Although this lnsti
tution may appear small by national stan-
dards, it 1¢ one of the largest of the
minority schools and one of the few twon-
year colleges with any large degree of
experience and planning in academic com-
puting.

Unancumbered by the weight of tradi-
tion and spurred gy local employment
needs, the Community College of Baltimore
had established a separate academic de-
gartmEnt for data processing by the early
ate of 1965, Thia department, now called
Computer and Information Systems (CIS),
attracts 300 majors and graduates about 25
each year with an associate degree in com-
puter studies. Four full-time and numer-
cug part-time faculty staff the department,

The schocl has weat“ered tnree hardware
phases and ls entering its fourth. Ini-
tially an IBM 1620, acquired for the data
processing department in 1965, was the
only computer. A committee from electron-
ice, data processing, and administration
hired a manager of computer services and
developed gpecifications for a UNIVAC 9300,
which arrived in 1968, The college allo-
cated its funds to lease it and pay support
staff for administrative services. Depart-
mente and individual users, however, have
never heen charged.

1972 brought a UNIVAC 9480 (131K) with

25y
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TABLE 1

MINORITY POST-SECONDARY INSTITUTIONS
INTERVIEWED ON ACADEMIC COMPUTING, FALL 1979

% 1978 TYPE OF HARDWARE
ACCESSIBLE BY STUD-
NEER| EER | MENT ENTS AND FACULTY

INSTI- [| DATE 1
TUTION || ESTAB.

1 1947 | x x UNIVAC 9480
7 IBM 1620

APPLE 11 (5, used

as terminals and

stand-alones)

DEC 10 (remote)

600 HP 2000
IBM 1130

876 DEC 10 {remote)

] PDP 11/70 {(remote)
PDP 11/34

IBM 360 (remote)
IMSAI 8080

TRS-30

x| x X 5,395 DEC 10
HP 1000
li Micros

X x |} 1,013 DEC 11/34
IBM 1401

x " x 1,526 | pEc PDP 11/34

IBM 1130
x x 839 DEC PDPP 11/45

N -
“ 1
Lo
o
= |&nss
| 9gsF

x| = x ! 3,296 HP 2000

IBM 370/158 (remote
SOL (3, micros)
SWTP (micro)

x 4,315 IBM 3031 (remote)
IBM 3033 (remote)
i LAMDAHI. 470 (remote)

— . m—— e — ———— . - F#
NOTE: Campus-wide interviews were conducted at the
institutions listed above as part of a needs
assessment of educational computing In minor-
ity post-secondary institutions.

b

-

ETHNIC TYPES: B - Black
8 - Spanish speaking
I - American Ind{ian

HIGHEST LEVEL OF OFFERING: 2 - Two yearsg
4 = Four years
4M - Master degree
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four terminals for administrative data en-
try and inquiry. COBOL, RPG, =nd FORTRAN
were supported for students, as well as
ASSEMBLER (on the 9480 and the 1620).

This UNIVAC is still used for student
batch runs. In addition, ten ports were
rented in 1975 on a companion community
college's HP 2000, an arrangement that was
terminated in 1979 in favor of access to &
DEC 10 at a nearby private university.
Students use ten DecWriter terminalas which
are dedicated during laba for a2 course in
BASIC and used for other courses during
open times.

The CIS faculty gurchased five micro-
computers in Fall 1979 through a Title VI
grant. These have replaced the 1620 in
teaching assembler languages and computing
principles. A fourth system i3 under con-
slderation now because of the two campuses,
growth of institutional and faculty re-
search, and growing concern for academic
computing. The institution had done its
own local needs assessment before consid-
ering auch a step.

Thus, the Community College of Balti-~
more has steadily bull:s its computing cap-
abilities, if at a slower pace than some
majority inetitutiona certainly also at a
faster pace than most minority and/or two-
vear institutions. This atable growth has
resulted from support by the college of
increases in computing capabilities through
its own funds, supplemented by aggreseively
aought federal grants. Because of its
careful planning and budgetary practices,
the gchool will be able to assume ancillary
costs when grants expire.

Factors influencing the expansion of
computing capabilities at this institution
have been the local employment market, size
nf the student body (neceassitating automa~
tion in record handling and giving early
exposure to administrators and faculty),
support by administration, key faculty mem-
bera with intereat and dedication to sup-
plement the budget for computing resourcea,
and explicit planning mechanisms within the
col&:ge charged with studying computing
needa.

Administrative sugpor: 1a evidenced by
hiring practices, release-time practices
{for propoaal wri:ing and planning), and
activities involved in acquiring cdmputing
:guipmen:. A few key faculty members have

sited other successful sites, attended
conferences (ECMI(2) and others) and con~
ventions, aerved on committees in profes-
sional aasoclationa, sought external funda,
and lent one another intellectual and

moral support. The evaluator who conducted
the interviews at this comrunity college
commented:

Thease individuala represent a

scarce reasource at any institution
and seem to represent a neceésary
1f not eufficient condition for
progress in academic computing.
(A broad base of faculty awareness
igs probably not a necessary condi-
tion for growth in an inetitution's
computing capabilities.)

Periodic ad hoc comsittees on computer
utilization Turther exemplify the planni
mechanisus for computing established witﬂ%n
the college. Plana also exist to establish
a line poeition for a director of informa-
tion systems reporting to the president
through a dean of planning, development,
and communications. This new position
would assume responsibility for academie,
as well as adminESCra:ive computis.z.

Tenaione have existed between adminis-
trative and academic computing, as at many
other institutions. The manager of comput-
er services reports to the vice~president
for adminiatrative services. The CIS De-

artment, on the other hand, is within the

vision of Businesa, Secretarial, and Com~
puter Sclencea under the vice-preaident for
academic and atudent affaire. Support
staff have growm through several stages to
the current manager of computer eervices,
three programmere, two keypunchers, and two
computer operators. No students are em-
plo{eg eince the manager claims "it doesn't
work. .

Students submit batch jobe through a
slot in a.door. Output pickups are sche-
duled twice daily for fifreen minutes each.
However, during the two 1ab hours assigned
each course in a batch-mode language,
turnarcund time 1& closer to immediate.
Students, who probably know of no other
alternatives, accept the pickup arrange-
ment, complaining only about the number of
keypunches, Tenrtinals are available for
learning BASIC, and the APPLE microcomput~
ers were made available in Sprin% 1980 for
learning ASSEMBLER. The coumercial option
in CIS will be offered at the campus near-
est the business community and the scien~
tific option at the other campua. Academ~
ic applications exist algo in the business
department (managing data on patient care
and student performance). (MI(3) is ex-
pected to be developed In remedial reading
and CAI(4) in science courses after the new
configuration ia installed. Faculty with a
good track record in attracting federal




giants will be responsible for developing
I at the sclence learning center. The
project director for the sclence learning
center had attended an ECMI conference and
attributes his current grant, in part, to
that experience.

Institution #2

Bennett College 15 a grivate, women's
four-year, historically black, liberal

arts college with a **ny, though stable,
enrollment of about 6y0. Located in
Greensboro, a mid-Atlantiec city, the in-
atitution houses ite computing hardware in
one attractive location on campus. This
hardware includes an 8K IBM 1130 batch sys-
ten used for adwinistrative purposes and
student programmin courses and an inter-
active HP 2000 with fifteen terminals used
extensively for CAI tutorial and drill and
practice in mathematice, English, and biol-
ogy. Two of four keypunches are available
to students.

Computer center hours &re 8 a.m. to 10
p.m. (Saturdays on request), and consulta-
tion is available durir:z these times.
Freshmen recelve computer ID numbers at the
beginning of the school year, but upper-
class students have open«shop, direct ac~
cess to both computers. They run their own
decks and retrieve their own output immedi-
ately; however, lines do develop when the
business office 1s runaing at the same time
on the 1130, Tables are provided students
in the computer center for such use as
examining output and correcting programs.

Reports on the success of the CAI pro-
ject, in which faculty prepare courseware
{or modify existing courseware) using IDF,
have been given at CCUC(5) and ECMI(4)
conferences; a great deal of consulting and
sharing with other colleges has also taken
place. In addition, this college has been
cited as an academic computing exemplar by
HumRRO(6) .

Computing began at Bemnett College ele-
ven years ago. A rented teletype connected
the college to TUCC(?) and provided for
some instructional work, as well as for im-
proving computer literacy of the faculty.
Influential in establishing the initial
capability were the president of the col-
lege (who later attended an ECMI confer-
ence) and the mathematics department chair-
person (who later became the computer cen-
ter director). A year later, the college
purchased the 1130 through a federal grant
in connection with another umiversity.

This computer was used, from the beginning,
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for both administrative and academic pur-
it was also used cooperatively by
two other small, church-related, primarily
white institutions in the same city. 4ll
three schools used it for registration

processing. Five years ago a Title Il
grant made possible the purchase of the
HP 2000 with fifteen terminale for CAI de-
velopment. Basic skills disciplines ac-

counted for early CAI use; CAI is built
into course requirements in these disci-
plines.

The success here with CAI has given
rise to new problems. Students need twice
as many terminale, and the 1130 is too
small and is no longer supported by IBM.
Additional personne% trained in computing
are needed. Release time for faculty is
needed to develop additional CAI course-
ware. Despite the success, the supgort of
the gresident, and the small size of the
institution, some faculty are still una-
ware of the potential in their disciplines.
In such a small school, this is seen as a
problem by faculty who do use the computer,

Attendance at ECMI conferences helped
to develop a strong tean of faculty, how-
ever, who have used instructional computing
heavily. Tkrougn g federal grant the in-
stitution beEan to share its expertise in
Spring 1880 by conducting a reglonal con-
ference similar to the E conferences.
Bemett collaborated with North Carolina
A & T Universicy (Institution #4) in con~
ducting that conference. Thirty small
collegas participated.

One faculty member cited CAI as ex-
tremely helpful to entering freshmen, so
rany of whom are in need of remedial work
due to inadequate preparation in secondary
achools. Students sald they appreclated
the CAI but not the downtime. ghe presi-
dent of the institution would like to see
separation of administrative and academic
computing. Plans for upgrading the exis-
ting hardware are on the drawing board.

Deapite ite small size and its depen-
dence on hardware and software that are
less than state~of-the-art by today's
rapidly changing standards, Bemmett Col-~
lege has taken a position of leadership
in the development of transportable course-
ware for use in basiec skills courses. Sue-
cess has brought with it new problems, but
it has also nurtured confidence, plans, and
determination to solve the problems,
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Institution #3

The Rio Grande Campus of Texss State
Technical Institute is a technical-voca-
tional, two-year, Hispaniec institution lo-
cated in Harlingen, ¢lose to the Mexican
border in the southernmost tip of the
state. One of four such instituticns com-
prising a system in Texas, this school was
established on a World War II air force
base in 1967. Its fast-growlng student
body numbered well over 1,100 at the time
of the Interviews, and some of the growth
is in the data processing program.

Curriculum design is a high-priority
and on-going activity at thr school, as
evidenced by its s{ecial stuffing ans the
existence of school-industry cooperative
comnittees and advisory committees. An-
nual evaluation ensures that curricula are
up to date and graduates are well prepared
for employment., (Some students command
entry-level salaries as high as $18,500
without graduating.) Just minutes away
from this institution are vast farmlands
on which thousandg of Mexican Americans
barely survive. Thus the existence of an
industrial corridor and this institution
to serve it 1s pivotal to economic change
in the area. {(On the first day of the
interviewa here the Wall Street Journal
stated that this region was one of the
four fastest-~rowing industrial areas in
the country.)

A new building houses the computing
and electronics programs and computin,
facilities, as well as some other mathe-
maticse and sclence or technical programs.
Nearly one=-third of its 17,000 squsre
feet 1s occupled by computing facilities
and classrooms used in the induatrial
data processing program (IDP). Prior to
the interviewa (just two weeks after the
move to the new bullding) less than a
fourth as much apace had been available.

IDP students dominate the facility,
which, like the entire campus, ls out-
atandingly clean and well organized.
Terminals are dedicated to students, or
to entire classes, from 8 a.m. to 5 p.m.
Yften the facility is open till & be-

use the IDP chairman stays late. Since
« t students are Mexican-Ameérican under-
gr. Juates who live with their families in
the area and are not accustomed to belng
away in the evenlngs, the facility is not
kept . on at night. A demand does exist,
however, from working adults in the area
for an evening program. Finances and

staffing are the obstaclea to be over-
come .

Two instructors are employed in the IDP
program, one the chalrman. An additional
slot 1s open but not filled. The two in-
structors bear heavy teaching and lab
loads, with most ewmphasis on Tab work.

They share the burden of supervising the
facility. Second-year students are trained
not only tgmgrogram {and maintain programs)
for gsome administrative and academic appli-
cations, but also to assist as consultants
to first-year students when instructors are
unavailable.

The IDP chairman has spent much of his
own time on outreach to other departments,
providing demonstration projects, seminars,
and classes. The degree of interest from
other departments liﬁely to use the comput-
er for instructional purposes ranges al
the way from "take It away"” to "you can't
begin to meet MY needs.” Those least in-
terested are traditional inatructors. In
PTOgIRDmS »g individualized instruction
{or in v instructors have had previous
experlen.e), faculty are eager to attempt
computer-maraged instruction or computer-
aaaisted test generation. Attitudes appear
to stem from educational philosophies
rather than from familiarity with areas of
expertise, such as nuclear technology or
mathematics.

Two weeks after the move to the new
building, when the interviews were conduc-
ted, a terminal room contained ten CRI's,
two teletypes, and A line printer in fairly
constant use. A Radio Shack TRS-80 and an
TMSAT 8080 microcomputer were also avail-
able. Six additional CRT's, a printing
terminal, a digital plotter, and a tape
drive were also belng readied for use.
Three keypunches with acoustical shells
were available. Bulletin board displaya
included charts, lists, schedules, comput-
er-generated Mona Lisaa, and a sign pro-
claining "The Dirty Dozen." ("The Dirty
Dozen," it turned out, were the second-
yvear students who had gurvived out of a
much larger original field of beginners
in the IDP program.)

‘The terminals were on-line to a DEC
EDP 1}1/70 located in a department store
45 miles away. COBOL gs not the latest
(1969), and RPG card ks are sent to a
DEG 10 at a univeraity 50 miles away, with
a turnaround time of weeks. But students
are obviously learning and being hired.
The IDP department, having grown from four
studenta in 1974 to more than seventy at
various levels of advancement at the time
of the interview, has gone through several
u{grades of remote connections. Current
plana call for an on-aite computer with 32




ports for student use. However, instruyec-
tors who want teo support individuslized in-
struction, record keeping, and test genera-
tion in open-entry/cpen-exit courses feel
they may still not have sufficient capacity
since they would ba in contention with IDP
for use of the resources. Meanwhile, ad-
ministrators are working on additional ca-
pacity for administrative work (remote ac-

cess to a large state institution’s network).

Ome instructor has done some work of hie
own, some of which was destroyed in one of
the upgradea, Most recently he has been
using a TRS-80 microcomputer on his own
time. He envisicne a cluster of micreos in
a clagsroom, which he sees as a cost-effec-
tive solution t¢ his problems in a tradi-
tion-oriented department, The electronics
program, which trains almost a hundred
students for customer engineering on DEC
equipment dedicated to t prgﬁram, can
ugse twice as much hardwere. € chairman
of this Erogram, a former ECMI(2) parti-
cipant, keeps up with hardware period-
icale and literature but is far too busy
to move into academic cotputing generally.

Students who are beginners tend to see
no problems with existing hardware and
software, but the advanced "Dirty Dozen"
talk like data processing managers. Com-
gletely at ease in the jargon and what's

ehind it, they speak knowledgeably about
the shortcomings of the available soft-
ware, the need for this version of a lan-
guage and that many porte, and even the
additional justification needed in the
current proposal for new equipment.

Administrators give moral support, but
their budget requests have to move through
several layers of state bureaucracy and
compete with other technical institutions.
Even when funds exist, it is difficult to
find qualified staff in the area who ere
not already working for burgeoning indus-
tries at high salaries. HNevertheless, the
industrial data preocessing program grows,
and other departments are beginning to
wolce their needs. Among two-year tech-
nical institutions, TSTI-Ric Grande may be
on its way to becoming an academic comput-
ing exemplar.

Institution i&

North Carolina & & T University is a
state-contrclled, four-year, master degree-
granting, black institution, with liberal
arts and some engineering emphasis. The
enrcllment 18 5,400 students, Locatea ac-
ross town from Bemnett Ceollege (Institu~-
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tion #2), this school was the last (and
only minority) institution teo procure a
mainframe computer through the Nsticonal
Science Foundation's original Office of
Computing Activities. That computer was

a CDC 3300, and it followed the first com-
puter acquired in 1964, an IBM 1620. It
wag replaced by a DEC 10 in 1977. Federal
and stste funding was combined in each of
the latter two cases, with the CDC being
eold to add to the funding for the DEC.

Altheough some impetus came from the
computer center (especlally recently), a
key role was xla ed by former dean of arts
and sclences Arthur Jackson, after whom
the computer center Is now named. More
than 80 terminals are on~-line to the DEC
10, 26 of them in the computer center. A
veriety of languages are avdilable: BASIC,
PASCAL, APL, COBOL, ALGOL, LISP, and oth~-
ers. The computer is available around the
clock all week. The staff includes nine
programmer fanalyste, and experts are
avallable to faculty and students as
needed. Students access the computer in-
teractively through class accounts or in-
dividually (both authorized by departwents)
as well as by batch jobs., A mon:gly report
provides usage information but is not cur-
rently used for charging. Most use ig by
students In coursework, but fsculty do re-
search, and administrative applications
abound. Turnaround time is Eood axcept at
pesk times. Jobs are limited to fifty at
a time, which can cause a connection delay
of ten-to-fifteen minutes. Work space in
the computer center for students is also
limited.

During the past two years North Caro-
lina A & T University has experienced what
the computer center director refers to as
"a quiet revolution” in computing. From a
single-jcb, batch-mode machine with 49K
main memory and 25 megabytea of disk, the
university took a qusntum leap to 256K,
600 megabytes of high-speed disk and the
ability to process up to fifty jobs at a
time in many langusges interactively, in
batch mode, or in combination.

However, increased demand for computer
time has lowered response from excellent
to poor. Englneering, which six months
before the interviews could run circuit
analysis, finite element, operations re-
sedarch, and other sophisticated jpbs at
any time, ‘must now normelly execute many
of these betwees 5 p.m. and midnight, and
several between midni§h: and 8 a,m., Engi-
neering school jobe alsc include CAI pac-
kages needed for educationally disadvan-
taged students, and it is difficult to
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find time during the day to run them.
Plans are afoot for a memory upgrade at
$100,000, half of which must be raised
from outside the universitv budget. Fur-
ther upgrades will probably include a re-
mote-site laboratory and a processor up-
i:ade. Staff and space needs were cited

addition to hardware and stations for
remote access.

An active computing advisory committee,
chaired by a chemlstry professor, func-
tione ag an agent of chan%e and supple~-
ments positive pressurf: from all types of
users and administrators. Proposals have
been written, and a computer science deg-
ree program is to be launched in Fall 1980.
An academic computing director and an ad-
ministrative ccmputing director will also
be hired.

Some ufage came about through partici-
pation of faculty at ECMI conferences{2),
where they learned about MINITAB, test as8=
sembly and scoring, test item banking, and
CAI, all of which are now used. Although
most usage ig by the engineering school,
other departmente {especlially mathematics,
chemistry, and business) are becoming ac-
tive users. The list has expanded each
month in the last twe years. Electrical
englneering has also developed several
microcomputeres for Instructional use and
an HP 1000 that is used for instructional
purposes and research In upper-level cour-
5e8.

Instrumental in the growth of computing
in engineering at this univereity has been
an engineering accreditin% agency, accord-~
ing to some faculty. Employment of faculty
by local industry wae a factor in initially
creating awareness of computer potential
among englineering faculty. ECMI conference
attendance is credited with increasing
awareness among WMathematics, chemietry, and
business faculty.

Politiéal problems asaoclated with fed-
eral. efforte at encouraging integration
have caused difficulties in maintaininfn
orderly development of academic computing,
according to some, Also cited as a nega-
tive factor was the pettern of federal
funding which historically favered main-
stream inetitutions end left out minority
institutions. This is one of the few min-
ority institutions, however, that managed
t; b? in to beat the system as early as
the "60s.

Conclusion

In the cases of the institutions des-
ecribed sbove, though a wvarlety of approach=-
es have been made toward academic comput=-
ing, certain factors surface as comon
ingredients of succesa. These include

use-wide planninf (or at least plan-
ning beyond the walle of a single depart-
ment or class), dedication on the part of
key faculty or administrators, careful
budgeting practices, the ability to put
together funding from various sources, the
ability to learn by experience (as well as
by capitalizing on the experience of oth-
ers), and the will to %et maximum mileage
from the resources at hand. Interesting-
ly, historieal factors that could have de-
feated some actuelly gseem to have caused
these institutions to try harder.
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COMPUTER USE IN CHEMISTRY AT A MINORITY INSTITUTION

James D. Beck
Department of Chemistry
Virginia State University
Petershurg, Virginia 23803 ‘
{804) 520-5481

INTRODUCTION

Many students in minority institutions
encounter severe difficulties in introduc~

tory science courses. These difficulties
often prevent minority students from ob-
taining degrees in scientific fields and
thus effectively shut them out of careers
in the sciences, ‘engineering, and the
health sciences (1). These students are
often classified as "underprepared,” a
classification which implies that their
backgrounds, in science and mathematics
especially, are not strong enough to en-
able them to succeed in rigorous, quan-
titatively oriented college coursee.

A number of characteristics of these
underprepared students have been identi-
fied (1,2). These range from poor math-
ematics background and lack of exposure
to science in high school to poor study
habits and a lack*of self-confidence.
Poor reading ability and & geheral weak-
ness in communication skills appear to
be sigrificant factors which inhibit
success fcr thase stvdencs. Many of
these students have low pecsonal stan-
dards for academic achievement, expect
failure, and fear science courses. Al-
thoagh numercus approaches .lave been
taken to improve the performance of
underprepared gstudents in fcience
courses, limited use has bocn made of
computer-based learning modes.

Virginia State University is a
four~year state supported institution
located in Petersburg, Virginia. About
3400 full-time students are enrolled,
with over 95 percent of the undergrad-
uate population being black. Reading
tests given to incoming freshmen have
shown that most of them have serious
reading problems, s:ith nearly 70 percent
of them reading below the ninth grade
level. -Median scores on the Scholastic
Aptitude Test were fbout 300 on the
verbal part and about 350 on the quan-
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titative part for incoming freshmen.
Many incoming students have had limited
exposure to science in high school. As
an eXample, 16 percent of the students in
a general chemistry class this past year
had not had any chemistry in high acheool.
The problems of inadequate prepara-
tion are compounded by the student diver~
sity which is encountered in many courses.
Incoming freshman chemistry majors, for
example, had reading scores ranging from
9.0 to 15+, SAT verbal scores ranging

* from 240 to 480, and SAT mathematics

scores ranging from 280 to 580. This
range of abilities, backgrounds, and in-
terests presents a tremendous challenge
+0 an instructor.

INSTRUCTIONAL APPROACH

For several Years we have been exper~
imenting with various approaches to the
teaching-learning process in trying to
meet the varying needs of our students
who enroll in chemistry courses. Most of
our efforts have been centered on our
general chemistry course. This is the
chemistry course with the largest enroll-
ment and the one in which the problems of
diversity and weak backgrounds are most
pronounced. The approach we are currently
using employe the coitputer in sewveral
ways (3}, and we ure exploring new and ex-
panded types of computer use. In general,
we try to make available to our students
a wide spectrum of different ways to
learn chemistry in the hope that some of
these will meet the needs of all of our
students, The variety of materials and
methods allows students to select learn-
ing modes which suit them while permit-
ting students who are not well-prepared
to engage In extra activities to help
them master the material.

Our approach has been to retain the
traditional components of our general
chemistry course--textbook, lectures.

R258
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recitation, and laboratory sessions. To
these we have added a selection of supple-
mentary materials and activities, includ-
ing a study guide, sets of performance ob-
jectives, lecture "10tes, slide/tape and

filmstrip/tape programs, voluntary practice

sessions, copies of old examinations, and
sugge sted plans of study. The computer
has also played an important role in this
smorgasbord of learning activities. About
fifty interactive computer programs are
available for student use; most of these
are drill-and-practice or simple tutorial
progrags. A few are simulations. The
computer has als¢ been used to generate
individualized problem sets for student
use. These are used off-line and the an-
swers may be submitted for grading by the
instructor.

Students are free to select which of
these alternative learning strategies they
wish to employ. No specific activities
are reguired, but students are expected
to complete a certain n r of activities
during the semester. Studeénts are encour-
aged to do more than the minimom number,
especially if they exhibit weaknesses in
identifiable areas.

We have evaluated the effectiveness
of thege learning activities in two ways.
One involved a simple frequency of use
compilation in which we counted the num-
ber of times that students selected a
particular type of activity. The other
evaluation method used student surveys to
ascertain the students' perceptions of the
relative usefulness of the activities.
Both studies produced similar results.
The interactive computer programs were
used heavily and were perceived by the
students ag being very useful to them
in their efforts to learn chepistry.

The computer-generated problem sets were
used by nearly all students and were also
perceived as being very useful. The
voluntary practice sessions ranked
slightly below the computer programs and
problem sets in extent of usge and in
perceived usefulness. The slide/tape
and filmstrip/tape programs were rated
still lower.

It is interesting that every activ-
ity was vsed by some students and that
avery activitg was rated by some to be
*wery useful. It is also interesting
that while all of the non-traditional
items that were described above were
considered, on the average, to be
*guite useful® to “very useful," the
highest student ratings were given to
the lecture notes and to the lectures.
However, the textbook, study guide,
recitation classes, suggested plans of
study, and gets of objectives were all

considered to be less useful than the com-
puter programs, problem sets, voluntary
practice sessions, and media programs.

The copies of old examinations were ranked
nearly-even with the practice gessions.
Students nearly all desired to continue
having a variety of alternative methods
and materials available.

COMPUTER USE

The instructional approach has been
described in some detail to emphasize the
integral part played by the computer. Al-
though the computer is not an essential
part of the instructional process,” it is
a valuable component. The computer can
do some things better than others, but it
cannot do all things well. It should be
looked on as one of many instructional
modes available to the teacher, appropri-
ate for some students studying some types
of material in some situations. When the
computer is made & part of the instruc-
tional package, itas use should be care-
fully planned with consideration given to
the learning objectives that are involved.

The use of the computer in this pro-
ject is not new or unique. However, these
types of use can be duplicated at nearly
any institution, even a small college, a
minority institution, or a high school
where extensive computer facilities may
not be available. The wethods also offer
the potential of expansion to more elab-
orate and sophisticated computer applica-
tions.

Most of the interactive BASIC programs
that we have used were written at Virginia
State University and tailored to the needs
of our students. While simple in concept
and in construction, the programs have
proven to be ¢uite useful in this setting.
They have been designed to be short and
single-cOncept in nature, esach one re-
guiring that the student spend only a few
minutes at the terminal. Most are open-
_ended, allowing students to obtain addi-
tional practice as they feel that they
need it. In general, the programs cover
basic topics which must be mastered in
order to solve more complicated problems
and understand more complex relationships.
A few programs are simulations of chemical
situations.

These interactive programs do not use
graphics or special effects and generally
use the most common BASIC imstructions.
Thus, they will run on nearly every col-
puter system and can be used with either
CRT or hard~copy terminal. Some of thea

" have been adapted for use on geveral of
the popular microcomputers (4}. Although
the programs may not be suitable for use
in all environments, they are sinple
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enough that they can easgily be modified.

The generation of individualized
problem sets has also been done in a very
simple manner. Two different approaches
have heen tried here. In one we have gen-
erated the problem sets in batch~mode,
using a FORTRAN program which merely se~
lects questions at randem from a gquestion
bank. Any system could use this method
since a similar program could be written
in any lapguage that has a random number
function. In the other method of genera-
tion, individual BASIC programs have been
written for each problem get. In these
the random number function is used to se-
lect individual questions and to generate
individual data within questions, With
this method, we can run the problem sets
in batch mode or have each student ob-
tain a copy from a terminal. Hard-copy
capability is obviously required for this
mode of geheration.

EXTENSIONS

¥While the two modes of computer uge
that I have described are relatively sim-
ple, they can be adapted to fit a variety
of instructional settings, they do not
require gpecial hardware, and they have
been proven effective. There is, however,
a great potential for developing more so-
phisticated, and perhaps more useful modes
of computer use, building upon these sim-
ple applications. We have eXplored some
interesting extensions at Virginia State
University and plan to try out more new
things in the future.

Prior to September 1979, our inter-
active programs were limited somewhat by
our terminals--slow and noisy IBM 2741
hard-copy units. Installing IBM 3278 CRT
units and 3287 printers has increased our
capabilities tremendously. By reducing
the time required to run each program, we
have been able to increase the number of
programs available and allow students to
spend more time in remedial or advanced
work. Although printers are available,
students do not generally need to get
hard-copy for their runsg, since their re~
gults are put into a file and can be re-
trieved by the instructor for grading.

Although our new terminals 4o not
have true graphics capability, their rap-
id print speed has enabled us to program
material which requires more extensive
layouts than we were able to use pre-
viously. This equipnent has expanded the
realm of programming possibilities to
gomme areas that we could not consider be-
fore the change in hardware. We would
like to have the capability to use real
graphics; this would undoubtedly enhance
learning even more (5,6).

Aruitoxt provided by Eic:

Minority Institutions—ECMI 247

Although we have been using computer-
generated individualized problem sets for
several Years, we have just begun to ex-
plore the possibilities involved with
using them. For example, the program
that is used to generate the problem
sets can also be used to generate indi-
vidualized repeatable exams or quizzes.
Computer "jrading, either on-line or off-
line, is a possibility.

Prcblem gets offer some significant
advantages over interactive programs.
They do not require eXtensive connect
time, since the actual work is done py
the students off-line. ‘They permit the
inclusion of topics and problems which
are not appropriate for interactive pro-
grams. For example, multi-step problems
that require extensive calculations can
be included on the problem sets., Ques-
tions that require the use of the text-
hook or of other sources of information
are suitable. In fact, there are almost
no limitations on the types of dquestions
which can be included on a computer-
generated problem set. If grading is
not a problem, even essay questions are
possgible,

One exciting potential use of com-
puter-generated problem sets is for diag-
nosis and prescription which we have
tried on a limited basis. After the stu-
dent has completed the problem set, an
interactive program is accessed on a ter-
minal. This program checks some or all
of the student responses. At this point,
some of the advantages of an interactive
mode can be realized. Immediate feedback
can tell the student which answers are
correct, and the correct answers or meth-
ods of calculation can be presented. A
course of action can be prescribed to
help the student overcome the identified
wraknesses. Prescribed activities may
include reading the textbook, doing ad-
ditional problems, running interactive
computer programs, viewing slide/tape
programs, or seeing the instructor.

These prescriptions are individualized
and are based on the student's perfor~
mance on the problem set. In addition to
providing useful information to the stu-
dent, the results can be made available
to the instructor, enabling areas of
weaknegs to be identified, for individual
students and for the class as a whole.
This capability is similar to the TIPS
program (7).

The problem sets might also serve as
a core for a system of computer-managed
instruction. We have been exploriny
some different ways to use them and have
been encouraged by the results. Our stu-
dents have responded positively to our
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primitive attempts at diagnosing problems
and prescribing remedies, and we hope to
enlarge this effort in the near future.

Several Years of working with com-
puters in chemistry at a minority insti-
tution have convinced me that many stu-
dents, underprepared cones in particular,
can benefit from computer-based indtruc-
tion. I believe that this is possible
without elaborite computer hardware, ex-
tensive programming experience, or a huge
investment of time and orney. Alfred
Bork has stated that there is no one
right way to use_computers n education,
or even a most profitable way (8). Cer-
tainly there is no one best way to use
computers in science instruction or with
underprepared students Or at a minorily
institution. But there are many mean-
ingful and wortlwhile ways in which com-
pvters can be used to enhance learning
for all studentz (9,10,11). Instruccors
at minority institutions should not con-
sider computer-based instruction to be
beyond their c. abilities. The compu-
ter is an important instructional tool
that needs to be included in planning
present and future educational delivery
systems.
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ABSTRACT

Puerto Rico presents a unigue blend of
problems and promise in educational com-
puting. BPoth the lack of an adeguate
technological base in the community and
restricted capital hold back the develop-
ment and implementation of computerized
instruction in all forme. Public schools,
£acing many of the same problems of main-
land inner-city schools, are totally unable
even to start in this area. HNonetheless,
since about 1974 there has beepn a rapid
dgrowth of instruction with and about
computers in the universities, colleges,
and private and parochial secondary
schools. This c-owth promises to increase
radically during the eighties.

The educational problems to which this
development responds, the kinds of conputer
strategies attempted, some interesting
results, and projections for the eighties
will be discussed.
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MICROCOMPUTERS IN THE
TEACHING LAB*

Dr. Robert F. Tinker,
Director, Technical
Bducation Research
Centers, 8 Eliot St..
Cambridge, MA 02139
<617) 547-3890

AN OVERLNOKED AREA

¥While computers have many uses in sci-
ence education, their use in instrument-
ation has been largely overlooked. This
paper will ahow the many powerful things
that can be done with a properly inter-
facad computer to gather, analyze, and
present real labhoratory data.

The major reason that this educational
tool has not been developed in the same
wAY as other educational applications of
computers relates to hardware. Twenty
years of experiments with educational
applicatisns of computers have almost
entirely involved large time-shared main-
frame computers., which are not well
adapted to the timing requirements im-
posed by real laboratory measurements.

A time-shared computer determines when
data is going to be read from the term-
inal, and so communications with it are
determined by the computer's timing re-
quirements, While that condition may
usuaily be adequate for human inter-
actions with a terminal, it is not ade-
quate for most laboratory interactions.
in lab applications., the timing reguire~

*Same of the materials incorporated.in
this work were developed with the fin-
ancial support of the National Science
Qoundagion Grant Nos.77-11116 and SED
7906101,
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ments are often too stringent for simple
time~-sharing systems. It ig possible to
use time-sharing for laboratory measure-
ments, but it lg considerably more complex
and expensive than using terminals for
time-sharing.

The arrival of microcomputers on the
scene has completely changed the hardware
situation. Many laboratory applications
of computers reguire very little computa-
tion and place only minimal reguirements
on the computer, As a result, very simple
and inexpensive microcomputers can be
successfully used in the laboratory. HNow
that the hardware guestion is being golvad,
it is time to begin a vigorous effort to
make up for lost time, to begin using com-
puters in the lab, to develop related
hardware and software, and to researsh the
educational impiications of this toui.

SAMPLE APPLICATIONS

Our group at TERC began experimenting
three years ago with applicationc of
microcomputers in the laboratory because
we were writing course material on instru-
mentation as part of our moduiar electron-
ics project, which is designed to prepare
. tudents to use instrumentation. It was
clear frcm the beginning that no such
courge would be complete without a fairly
thérough coverage of microcomputer appli-
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cations In instrumentation;  research labs
that are not already heavily dependent on
computers for gathering and analyzing
data will certainly become 80 by the time
the current generation of students are on
the job for any length ©of time.

The C

Historically, the first application we
developed used the KIM computer to record
temperature of a ligquid sample of naphtha-
lene aes it cooled through the crystaliza-
tion temperatura. This is the cooling
curve experiment familiar to those who
kave taught Introductory physical scianca.
There is some nice phyaicg in it because,
as the sample loses heat to the surround-
ing water or air, the temperature does not
drop uniformly. At the transition temper-
ature, heat flows out but the temperature
does not drop, giving -ise to a plateau-
1like graph of temperaturs as a function of
time. This shows very clearly something
that many beginning students do not appre-
ciate; namely, that there is a distinc-
tion between heat and temperature; that
at the solidification temperature, heat
i1s flowing out without a temperature
change.

There is some good science in this
experiment. First of ail, of course, the
plateau temperature is a good way of de-
termining the melting point of a sample.
In addition, mixtureg of napthalene and
paradichlorobenzena (moth flakes and moth~-
balls} display some Interesting melting
phenomena. In some ratios, the plateau
disappears, as 1t will for most mixtures,
buot at one particular ratio -- called the
eutectic -- a plateau reappears at a temp-
erature that is below the melting tempera-
ture of elither of the pure substances.

All these phenomena are accessible to
someone with as little instrumentation as
a mercury thermometer and a stopwatch.
However, gathering and plotting tha data
can be a tedlous and boring task, parti-
cularly when it is necessary to repeat
the experiment several times for different
mixturas. A typical cooling curve run
takes 20 to 30 minutes. This run can be
speeded up by using a emaller sample, but
then many fewer points are obtained and
many of the important features of the
cooling curve are lost.

The microcomputer solves this problem
encirely. Wa developed & very simple
interface that can b~ vted 0 record the
temperature of a sample at any rate
desired and to display on a simple oscill-
oscope a graph of the resulting tempera-
ture versus time. The microcomputer can
log in at a rate of one per second to gen-
erate an apparantly continuwous graph.
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which can be observed as it evolves. The
temperature detector is an inexpensive
signal dicde. Because the tvansducer is
small, & small sample can be used, and
tha expariment can be speedad up s¢ that
it only takes a few minutes. As a result,
it is feasible £Of students to obtain data
on many different samplas and focus their
attention on the phenopena, rather than
on the boring details of gatharing and
displaying the rasults.

A _Ppotpourrl of Applications
Sirce this initial venturs into micro-

computer applications in the laboratory,
we have devaloped over a dozen other lab
&pplications for simple microcomputers.
Thesa rre listed below with some of the
mora general applications described first,
followad by some programs tailored to the
speclfic needs of cortaiu Iahoratory
sXpariments:
_ggggg;[:%¥gg. In this program, tha
computer displays counts or elapsed
time. It has all the functions of a
normal counter/time but with a lower
frequency response. In addition, it
can racord for later recovery the num-
bar of times that multiple events hap~
penad after an initial triggér pericd.
IC Testing. ,This convenient program
earng the log:l.c expacted frot* an in-
tegrated eircuit (IC) by running
through the permutations of a func-
tioning IC and then comparing this to
guestionable ones.
Function Generator. Using an analog
output, this program genarates a var-
lety of functions that one would only
expact from a very sophisticated func-
tion generator. Ten different func-
tions, including white, pink, and hlue
noige, are available with selectable
amplitude, offset, and frequency up to
a bandwidth of 20 kHez.
Transient Recorder. This program
triggers when the transisnt starts and
displays the result on & standard
oscilloscopa, thus effectively con-
vearting it to a storage-type oscillo-
acope. Up to 256 samples of the input
signal can be racorded at intexvals
ags fagt as 20 microsaconds. In effect,
tha cooling curve experiment is a
special adaptation of this facility.
Pourisr Synthesis. This program can
Tequire ’ amplituds and phase of
up to 30 teims in a Pourier synthesis.
The resulting output waveform is dis-
played on a common oscilloscope and
can be heard with the help of a simple

power amplifier.
Fouriar Analvsis. This program uses

the fdea behind the transient racorder
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to capture an input waveform. which is
then frequency analyzed. Using a Fast
Fourier Transfoym algorith, the com-
puter displays the power content of the
firast 128 frequencies in the captured
signal.

Radiocactive Half-Life Experiment.

Here, puls.s from a Geiger Tube are
counted over time, and the resulting
half-life decay function is displayed
on an oscilloscope.

Pulse Height Analysis. This program
uses a special interface to capture

the height of pulses from a standard
Photo-multiplier particle detector.

The resulting pulse height spectrum is
then displayed on an oscilloscope. With
less than a dozen integrated circuits
in the interface, a standard microcom-
puter can be used to replace special-
purpose PHA instruments costing ten
times as mach.

The Computer of Average Transient%. We
have developed a geological sounding
experiment that requries careful pro-
cessing of signals from a geophone that
detects seismic waves generated by hit-
ting the ground. The common technique
is to use & computer of average trans-
ients, which the KIM simulates, using a
gimple program. .

Solar Collector Analvsis. Temperature
from 2 number of senaors distributed
around a solar collector, ag well as a
light detector measuring the input
light levels, is simultanecusly logged
and selectively displayed through use
of this pvogram.

Botational Dynamics. This program,
written by Ken Flowers, measures the
angular acceleration of a disk commonly
called for in lab experiments involving
rotational dynamics.

Linear Dynamics. An electronic version
of spark tape uses clear tape with
black lines. When attached to an object
and pulled through a gpecial detector.
the computer can display position,
speed, and acceleration instantly.

© EDUCATIONAL IMPLICATIONS

These examples illustrate that it is
techniczlly and economically possible to
have guudents use the computer as-a gen-
eral-purpose laboratory instrument; the
big question in many people’s minds is
whether such use is deairable. I will
begin addressing this point by first
developing the skeptics' argument more
fully. fThere are essentially three main
arguments against the use of this kind of
sophisticated instrumentation. First is
that it i2 too complex and difficult to
use; secondly, it makes the laboratory

mysterious, thus weakening the connection
between reality and result: and third, it

isn't really necessary at all. These ar-

guments are taken up in order below.

complexit

Microcomputers introduce a whole new
level of complexity that requires master-
ing sophisticated hardware, software.
and operating concepts. In order to use
computers ef fectively, the students will
have to investigate all these new ideas
and will get sidetracked, so that any
possible advantages that the computer can
bring will be offset by the enormous in-
vestment of time and intellectual effort
required.

This would certainly be a compelling
argument if it were true, if students were
required essentially to develop all the
hardware and software needed in the labor-
atory. However, this is an inappropriate
waY to use a computer in the laboratory.
The desirable approach is to use previous-
ly developed canned .programs that are
carefully designed to regquire the minimum
amount of additional knowledge. Lab pro-
grams should operate just the way elec-
tronic pinball machines do; anybody with a
quarter can walk off the street and begin
using those microprocessor~based machines.
There is no reason that laboratory instru-
ments using microprocessors should be any
more difficult to use. Admittedly, some
of our firat efforts in this area do not
meet this requirement. But there is no
basic reason that prevents microcomputers
from being easy to use in an application
area. It is simply a gquestion of good
Programming; providing menus for selec-
tion and help files to clarify any diffi-
cult points.

Mystification
The skeptic would hold that an instru-

ment that instantly gives results ig un-
desirable when it is not clear to students
how those results are obtained. If there
is no alternative way to cross-check the
*r.3ults, if the experiment must stop when
the apparavus stops .funpctioning, and if
the computations are too difficult to dis-
cuss, then the results may as well be
magic.

Since the results appear to be magi-
cal, the student loses any chance of hav-
ing any intuitive understanding of the
meaning of the results and connection be-
tween those results and the physical phen-
okena under investigation. For instaace,
you pull a strip of marked paper through a
little gadget, and the computer prints out
some acceleration data. The cosnnection
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between the way you pull the tape and the
acceleration is incompyvhensible and un-
verifiable, and, therefore, the students’
understanding of the term acceleration is
ot enhanced by this experiment. With a
spark tape, the student can see the marks
on the tape, understand the relationship
between those and the motion, and trace
the calculation of the acceleration
through a series of simple calculations
based on the marks. Furthermore, the cal-
culations arze based directly on the defini~
tions of velocity and acceleration, and
therefore, the student gets practice in
applying those definitions by performing
the calculations in the laboratory. All
awareness of these relationships are lost
when the computer automatically calculates
the accelerations and graphs them.

. An important part of laboratory exper-
iences for students is their enabling
function. That is, by learning how to
frame and answer questions, students are
then better able to function as scientists
and as citizens. Understanding is the key
to this enabling function, and the inclu-
sion of a major thing, %the microcomputer,
wvhich is inherently incomprehensible, is
disabling rather than 2nabling.

These are important arguments and point
up scme of the gitfalls of using the com-
puter in the laboratory. Like any new
tool, the microccmputer can bhe misused.
However, the statement of the problem
polnts to the solution. Most people can
learn to use mysterious or incomprehen-
gible devices ~- 50 long 83 they have a
clear idea of cause and effect. Many
aspects of driving a car are essentially
mysterious to drivers: the details of the
connection between the wheel and the dir-
ection of motion, between turning the key
and the operation of the motor, between
the position of the accelerator and speed.
The same arguments can be applied to most
of the technologies in our environment:
television, radio, calculators, tele-
phones, and aspirin. People use them all
more or less effectively without any de~
tailed understunding of their mechanisms.
Through practice people have learned the
connection between inputs and outputs.
They have learned what to expect when
the accelerator is pressed, when the
record button on a tape recorder is
punched, when-a telephone is dialed. The
reproducible and predictable nature of
thage technological aids, which can be
understood at an intuitive level through
practice, completely removes the mystery
surrounding their operation and obviates
the need for a detailed understanding of
how they work. This process of gaining
an intuitive appreciation of a connection

-
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of inputs and outputs I call “intuition
calibration" because it is directly anal-
ogous to the calibration one performs on
instruments.

The thesis, then, is that if a micro-
computer is used to measure acceleration,
this will appear toc be mysterious only
until the students’ intuition is calibra-
ted. How is this done? The direct ap~
roach is to give students this tool and
let them play around with it in a directed
manner in order to get a good intuitive
feel for what it is producing. In tests
with students, we have found that it
takes very little time using this tool to
appreciate, on an intuitive level, the
relationship between the acceleration and
the change of speed, namely, that rapid
changes in speed results in large accel-
eration and that slowing down is just
another form of acceleration with a neg-
ative sign. These intuitive eaplorations
demystify the teool, but more important,
they foster an intuitive feeling that no
other approach can create. Students come
away with more than understanding of an
isolated term. such as acceleration. They
talk about acceleration in intuitive terms
that are directly related to its defini-
tion. They see that it is position~indep-
endent, that it only depends on how gquick-
ly speed is changiny. Thus, the measure-
ment and the defiuition come together in
the laboratory without the use of compu-~
tation.

The one argunent that can‘t be count~
ered is that students do not g2t as much
practice performing computations in a
laboratory where the computer does the
computation. The obvious cure for this
is to assign some additional computation
or to do the eXperiment once without the
computer.

Necsssitx

he skeptic's argument here is that the
computer, while attractive, is not really
necessary in tha laboratory. However,

the microcompiter makes a number of things
possible that could not otherwise be done
conveniently or economically., and there~
fore, unless cne takes the fan.istic pos~
ition that there ig no need to improve
science instruction. one cannot ignore
these rathexr substantial improvements.

The use of a ganeral-purpose laboratory
computer broadens the kinds of expeériments
that can be contemplated in a teaching
laboratory and also increages the rate at
which data can be gatheved and analyzed.
Por example, the dynamice measurements
permit a detziled analysis of the connec-
ticn between force and acceleration that
is simply got vogeible through any other

2e5




Q

ERIC

Aruitoxt provided by Eic:

254  NECC 1980

mechanism. This application alone opens
up new and, as Yet, uncharted possibili-
ties in the introductory laboratory. Sim-
ilarly. the Fourier Analyzer, the Pulse
Height Analyzer, and even the Computer/
Timer open up possibilities that would
otherwise not be considered in elementary
laboratories because of cost considera~
tions.

The speed with which experiments can
be analyzed 1s often an important educa-
tional factor. Instead of a simple fall-
ing ball experiment occupying an entire
lakoratory, manyY accelerated motions can
be studied together in one laboratory;
instead of one cooling curve, a set of
cooling curves of various mixtures can be
studied in the same length of time. The
result has to be that students will have
more raw data available to them on which
to fashion their theoretical model of the
natural world. Because less time is de-
voted to the calculation and presentation
of data, more time can be devoted to un-
derstanding the scientifice phenomena. In
many cases, the hand calculations are not
only time-consuming but distracting;
because they occupy most of the labp time,
students tend to focus on them and totally
forget the scientific phenomena being in-
vestigated.

A secondary but important argument for
the inclusion of microcomputers in the
teaching laboratory is that by the time
our students are employed, those that go
into the laboratory will find microcom-
puters there.

THE FUTURE

I feel that the microcomputer viewed as
a laboratory instrument is an emerging
resource which is cost effective today in
certain teaching situations and will hbe
uged in the immediate future in an
extremely broad range of science teaching
enviromments.

Current Efforts

e primary impediment to the wide
scale use of microcomputers in the labora~
tory now is that software and hardware are
not readily available from any one source.
This, in turn, is partly because commer-
cial vendors do not perceive the teaching
laboratory as a commercially viable area
because there hus beéen no broad expression
of interest by laboratory teachers.

As a non-profit organization dedicated
to improving science instruction, our
group at TERC have undertaken a number of
projects to speed the introduction of the
microcomputer into the laboratories. We
have, of course, generated some sample
programs that illustrate the kinds of

things that can be done, and we also eval-
uate and distribute hardware and software
8¢ that schools and teachers can find most
what they need at one place. We have de-
veloped three laboratory interfaces and
are currently working to interest some
manufacturers in these or other related
products.

For a number of years, we have heen
giving worxshops for teachers on the use of
microcomputers in teaching. These work-
shops have been very well received and,
in fact, we face the problem that there
are more people interested in taking these
workshops that we can possibly enroll. To
meet this need, we are in the process of
developing an exportable workshop -- a one-
day workshop that former workshop partici-
pants can themselves offer to others. We
are currently looking for groups of
teachers who will participate in the first
round of these workshops and be willing,
then, to host these workshops themselves
in their immediate locale.

long-range Efforts

We see a time in the near future when
microcomputer-based instrumentation will
be ag widely used in introductory science
teaching as microscopes, clocks, and ther-
mometers. The microcomputer will not be a
frill added on top of other instrumentation;
it will be the primary instrument. Because
of the ease of prograrmming and flexibility
of input and transducers, grade school
students could use microcomputers in much
the way they currently use microscopes, to
extend their senses, to help them perceive
physical phenomena that are ocutside the
range of their immediate senses, and to
provide the questions and motivations for
scientific studies. Most of the elements
necessary to fulfill this vigion are cur-
rently available, and it is certain that
Prices will drop over time to the point at
which few schools could justify not having
microcomputers in the laboratory.

Meanwhile, however, we see four areas
in which important work needs to be done
before microcomputers will be widely used:
education research and development, improve~
ments in the laboratory interface hardware,
network software for sharing limited
regsources,.and development of curricula
that use laboratory-interfaced computers.

Education Research and Development. We
have suggested that the introduction of
microcomputers in the laboratories, while
having many advantages. also creates cer-
tain pitfalls. Both the advantages and the
pitfalls need careful researching. In what
senge can students learn to master such a
powerful tool? What intellectual pre-
raquisites must they have? The questions
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raised about mystification and enabling of
students must be studied in greater detail.
There is a possibility that the introduc-
tion of laboratory experiences that use the
wicrocomputer will be of benefit not only
to science instruction but also to mathe-
matics learning. When combined with the
power of the computer to analyze and model.,
the introduction into mathematics .nstruc-
tion of computers that can deal with real
phenomena will have an important role in
motivating studentsz in building intuition:
this area needs to be researched and de-
veloped.

Interface Hardware. We see a continuing
need to kecp abreast of hardware develop-
ments and continually incorporate relevant
innovations into interface designs. It
is cnly by producing and distributing in-
creasingly sophisticated prototypes that
we will learn how these can be used in edu-
cation, how costs can be minimized, and
how dissemination problems can be reduced.
One of the benefits of our work in build-
ing and distributing prototypes is that it
belps bnild a market we hope commercial
companies will want to exploit.

We see a clear need to develop an in-
terface that contains its own 16-~bit CPU
and communicates to a host computer over
the new general interface bus or over
other standard commmnication lines.

a device would have greatly increased
performance and would be compatible with
almost all commercially available compu-
ters. While it may not be affordable by

a large number of institutions this time.
it is important to learm, through limited
distribution, what ediicational ‘advantages
accrue from the increased Ferformance this
unit would have.

Networking. The expensive part of
computers now is not the central process-
ing unit or the memory but rather the
peripherals: printers, disks, specialized
interfaces, graphic displays, and the
like. The appropriate way to maximize
computational performance is to have a
means of sharing the expensive resources
among &« variety of inexPensive computers.
This is called networking and is the
microcomputer alternmative to time-sharing
which is really only appropriate for
computers that have expensive CPUs and
memory. We have some interesting net-
working software and hardware currently
operating in our lab that need to be
brought into the teaching environment
and expanded to laboratory applications.
We envision that the teaching laboratory
of the future will involve a network of
inexpensive computers at each laboratory
station, networked with a number of more
sophisticated special-purpose microcom-

Such
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puters to be used for extensive data
analysis, combining data from many students
and generating complex displays. This
local network would be tied into a central
computing center, which could be used for
long-term storage, high-speed printing.,

and the maintenance of large data bases.

We are cooperating with a number of

schools to work towards an initial inmple-
mentation of this ideal.

Curriculum. The most pressing current
need in this general area is to develop
curriculum material that uses laboratory
microcomputers. One can view the programs
that we have developed so far as samples,
a shotgun blast that illustrates what can
be done. There is an urgent need syste-
matically to apply laboratory-based micro-
computers to courses in various disci-
plines. An important aspect of this
effort is to try to define the electrical
characteristics of the interface that is
required, so that the curriculum material
does not have to be tied to any particular
hardware. We naturally feel that our lab
interface defines this standard, but we
would be del .ghted to discuss any other
possible standards with any educators.

The only way extensive curricula will
be developed is to use teacher-generated
material. Tbe wajor problem with this
approach is the evaluation and distri-
bution of this material. We have estab-
lished an experimental Miciocomputer
Teacher Resource Center that uses a com-
mercial data base to store reviewed files
and programs. This data base is public
and contributions are welcomed. If
teachers will evaluate what they use
from this data base and contribute some
new material, great strides will be made
in £illing the missing curriculum gaps.

SUMMARY

A micrecomputer eguipped with a labora-
tory interface offers a very exciting new
resource for science instruction. W¥ith
the proper hardware, the comiputer can be
turned into an altogether general-purpose
instrument. It can replace a large number
of standard instruments at a fraction of
the cost, and provide the major measure-
ment and analytic tools needed in a wide
1anga of science courses. Equipment and
software are available today that begin
to do this, while future hardware develop-
ments and declining costs will make lab-
based microcomputers a necessity in mapy
teaching situations.
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THE COMPUTER LAB OF THE 80S

Guy Larry Brown
Head, Data Processing
Piedmont Virginia Community College
Rt. 6, Box 1l-A

Charlottesville, Virginia

22901

(804) 977-3900

INTRODUCTION

Puring the past 20 or s8¢ years that the
computeér ha® been used as an academic rool,
there has been considerable discussion
about computer~assisted instruction {(CAIL).
CAl, in fact, has been 2 luxury affordable
by only 8 few. In recent years, with pres-
sure being spplied to educational budgets,
it appeared that CAl would remain a dream
to be reslized only if the good faivy god-
mothsr waved her wmagic, wand in & clase-
room. However, the advent of the wicro-
computer witb its low cost and super cap-
sbilities has mnade it possible for that
marvelous wand to be directed into even
the most impoverisbed academic niches.
This paper describes sn operating 8aystenm
of microcomputers that is unique in capa-
bilities and costs.

THE SYSTEM

The system in operstion
microcomputers eacb with 8,192 (8K} of
random sccess memory (RAM) and 8K of read
only memory (ROH). The RAM allows storage
of instrvctions written in Microscftr BASIC
snd dats in the form of letters of the al-
phabet, digits, and special characters.
The ROM contsins an interpreter that tran-
alatas BASIC ipto the computer's language.
BEsch micrec has ite own keyboard for input

igto the computer and 8 video monitor for
visusl output.
Stored programs asre available from

shared dusl floppy disks, each capable of

holding up to 275K characters. The disk
unit is part of the host computer tbrough
which control of the micros 1is centrally

exercised. This host computer has 48K RAM
vith its BASIC ou disk instead of in ROM.
Ccontrol of the bost is through a CRI. At-
tsched to the host 1a a 100 character per

second (CPS) matrix printer which 4is also
sharad by the micros.
The program (software) that provides

ths capability for the micros t0 share the
disks for iaput/output (1/0}and the print-

tonsists of 14

er for hardcopy output cccupy only a small
part of a single disk. The remaipder 1is
set aside to store astudent programe and
for other wuges as may be desired. For
example, a program can be called by & stu~
dent to provide information about a problem
he does not fully understand. Or a series
of teets can be stored for use by the stu-
dent at the instructor's discretion.

Two of the micros received mninor modi~-
fications to permit I/O0 througb & standard
cangette player. This capability permits
the units to be detached from the system
and moved out of the lab for demonstrations
or other purposea. 1t also allows for the
transfer of a program stored on a casgssette
into the microe's memory and hence onto a
disk for atorage amd subsequent availabil~
ity to all micros.

All computers were manufactured by Ohio
Scientific, the printer 418 a Centronics
779, the video monitory are Sanyc VM 4209,
and the CRT 18 a TEC Series 500. The sys-
tem is capable of operating with 16 of the
micros; however, to keap total costs below
$19,000, only 14 were purchased initially.
This figure included all equipment,instal-
lation, and software! Equipment selection
wag influenced by the availability of a
reputable local dealer who services what
he gells. Alsc favoring Ohio Scientific
18 the large ipventory of software,s emall
business system capability with hard dleks,
and design features naking expansion and
upgrading simple 8nd relatively inexpen-
give.

OPERATION

The systemhaa operated almost flawless-
ly since installation in the fall of 1979.
Typical wmicro systems use cassette 1/0
which is very slow compared to disk. And
g dedicated disk for stand-alone micros
adde significantly to the costof the unit.

The shared system allows each micro user
to (1} 1load a Hrogran stored on_disk inteo
the memory of his computer, (2) save a

25y
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program on disk, (3) print a liscing of
the program, or (4) print the output from
the execution-of g program. Only one micro
can uvse the disk or printer at a tine.
The use of passwords for files, message
sending to the host computer, znd line
advancing on the printer ave recent,
locally added enhancements to the oper-
ating software.

USES

Presently the system 1is used
teaching the progremming language BASIC.
One 20=-student c¢lass was taught 1in the
fall of 1979, and two such classes are
being conducted during the winter quarter.

During registrstion, several units were
moved from the lab for demonstration pur-
poses. Curiosity was aroused in many who
stopped to engage Iin conversation with the
computer or play a game.

only for

FUTURE PLANS

In addition to expansion to 16 micros,
there are plans for the acquisition of a
quality character printer for word proces-
sing. This capability will permit in-
struction of secretarial science students
and members of the prtaff Iin word proces-
sing.

Expansion of courses to cover assembly
language is anticipated as well as a course
in the operation of small business computer

systems. Longer range plans call for
teaching COEOL.
Efforts are being made to make the lab

available to any of our faculty for use in
their courses. Progrsms will be developed
for math, chemistry, h:l.ology. andavar:l.ety
of business courses.

ADVANTAGES

Cost.

Reliabilicy.

Graphics capabilitiesof 256 characters.

Standardization of components.

& single disk for program/data storage.

bisplay of 64 characters/32 lines on
aicre videos.

Extensive software available
ufacturer.

from man-

Expansion of capabilitics .and updating
inexpensive.

Not dependent wupon trained computer
personnel.

fapid transfer of prograws/data through
a disk sydtem.

Hardcopy available to all micros.

Control is facilitaced chxavigh the host
computer,

No reliance on teiephone connections.

Students learn on 2 wmicro frequently
found in businesses.

Micros still function independently.
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DISADVANTAGES

Disk and printer allow only one user at
a time {this is only a minor 1incon-
venience).

Cost 19 80 low that academic d&partments
can afford procurement without in-
volvement of computer managenent
(maybe this ie an advantage).

Documantarion is not complete or error
free.

Operating software lacked capability
for printing the execution output

of a program (locally modified to
acquire this capability).

Service may not be locally or quickly
available,
Cost 1s so low that one cannot expect

the same level of manufacturer sup-
port 48 previously experienced when
systems were priced much higher.

Demand for usage wight be so high that
the establishment of prioricies for
use may be difficule.

SUMMARY

A computer lab for thbe &0s 18 available
today. It consists of up to 16 microcom-—
puters, each of which can bave vup to 32K
RAM, They have rapid access to programs
and data through a shared duval floppy disk
drive which also provides for equally mpid
storage. Hardcopy listings of programs and
output from the execurion of thoserograms
gre also available ©on a gbared printer.
The system, including the host computer and
all other hardware, installation, and nec~—
essary software is available for around
$20,000.
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THE EDUCATIONAL TECHNOLOGY CENTER

Alfred Bork, Stephen Franklin, and Barry Kurtz
BdQucational Technology Center
University of California
Irvine, california 22717
(714) 833-6911

This paper reports on the formation
of the Educational Technology Center at
the University of California, Irvine. The
Primary focus of the Center is the usue of
the computer as a learning aid. The
Bducationel Technolo ¢
January 1, 1980, with University funds
providine scaff support. The Center con=
tinues the activities in computer-basad
learning conducted by the Physics Computer
Davelopment Project during the last eleven
years. .

NEED

The Educational Technslogy Center was
formed becauss we believe strongly that
the next decade will be a critical period
in American educatinn. Such centurs are
nesded to guide us toward a future wherse
the computer will play an extremely im-
portant role in education. 1t is impor-
tant to develop a number of continuing
groups that are not fully dependent on
grant funds but have an existence beyond
support for particular projects.

We have pursued for some years within
the University of California the possi-
bility of one such Center. We will pro-
vide guidance to othsrs working in this
arsa. Ths Center will work on a wide
range of ressarch and development activi-
ties leading to more effective use of the
computdr and associtted technologies in
laaxning environments.

CURRENT ACTIVITIES

The Educational Technology Center
intends to engage in many activities con-
cerning more effective and more efficient
vee of information technology in learning.
wmaphasizing learning materials on the
permonal computer. B8oms of the ectivities
will be pure research, while others will
have a strong applied and developmental
componant. We ghall work closely with
individuals and groups elsewhere., as in

Cernter was startedon

the past, so that the Center has a
nationwide effect beyond its immediate
activities, materials, and publicity.

The Center will publish a newsletter
reviewing the activities and results of
its projects. Although ne set schedule
is planned, we expect this newsletter to
be published three times a year. Anyone
interested in recelving the newsletter
should write to the Center.

The following list gives the active
projects at the Irvine Center. Further
information about any activity is avall-
able on reguest.

1, A Testing and Tutoring Environment
for Large Science Courses.
Authoring for personal computers
Testing environments
Physics - waves
Statistics
National sScience Poundation--Compre-
hensive Assistance to Undergraduate
Science Education (CAUSE)

2. Sclentific Literacy in the Public
Library.

Public libraries, shopping centers,
science museums

Public understanding of science

Personal computers

Fund for the Improvement of Post-

secondary Education {FIPSE)

3. Mathematics Competency Tezts for
Baginning Sclence Courses.
tUniversity of California/california
State University and Colleges

4. Translation of timesharing materials
to personal computers.
tniversit of California/California
State University and Colleges

5. Blology materials -~ tcology.
University of californja, Irvine,
Committes on Instructional Develop-
ment .
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6. Development of Reasoning Skills in
Early Adolescence.
Junior high students
Transition to formal reasoning
Perscnal computers
National Science Foundation = Devel-
opments in Science Education (DISE)}

PRODUCTION SYSTEM

In addition to specific products,
such as thoge Jjust mentioned, the Center
has developed a production system for
generating computer-baged learning mater-
ial. The emphasis is on both efficiency
and effectiveness and on techniques which
will allow natural extensions to large-
scala production of such models., The
production system is based on a systems
analysis of the problem and on our many
years of experience in producing a wide
range of learning material. Literature is
available describing the system and the
supporting software.

ISSUES FOR THE FUTURE

Currently we can distinguish a pumber
of very important issuee that will shape
the future of computer-baged learning:
these issues indicate 'directions the
Educational Technology Center will pursue.
No order of priority is intended in this
list.

1, Full-scale course development.
At present, with a few notable eXceptions,
computer~based learning materials are sup-
plementary to course structures. Very few
full courses meke heavy use of coRfputers
to aid learniny. We need experience in
developing such complete courses and in
integrating computer and other learning
aids. We need additional experience in
computer-aided delivery of such courses.

. 2. Expanded acquaintance. Very few
teachers, and even fewer members of the
general public, have seen any effective
computer-based learning material. Often
the examples seen have been weak examples:
8o the learners have formed inaccurate
opinions of the value Of such material.

We need more acquaintance with the full
range of possibilities, more computer
literacy with a learning emphasis.

3. Regearch in learning. Presently
we have confIIGEInG Chiecries ahout learn-
ing. We peed to know more about how stu-
dents learn so that we can develop better
learning aids,

4. Production techniques. Qlder
strategies Ior developing materials often
were not suited for the large-scale devel-
opment needed in the years ahead. The
types of systems approach followed at
Irvine and elsewhere needs furthe: explor-
ation and refinement as the gcale of
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activities increases. We should aim for
the best possible materials at the least
developmental cost.

5. Expanding technologieg. Com~
puter and agsoclated technologies are
evolving rapidly. We must learn quickly
to use an expanding range of capability,
developing materials which are pot immed-
iately outmoded.

6., The computer as a new interac-
tive medium. 1In understanding a new
learning wedium, we must learn how it
differs from older media. For éexample,
reading from computer digplays hag many
differences from reading print medium, but
the empirical details are not known.

7. Digsemination. New media also
demand new modes o ssemination.

8, = ‘New course and institutional
structurss. ; AS computers are more widely
useéd, they will have major effects on
cours8 and institutional structures.

The Educational Techrology Center
intends to pursue these and other issgues.
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Computer Games in Instruction

SHALL WE TEACH STRUC-
TURED PROGRAMMING TOQ
CHILDREN?

Jacques E. LaFrance
Dept. of Mathematical
Science
Oral Roberts iniv.
Tulsa, OK 74171

ABSTRACT

Prc-college programming experience has
been observed to be detrimental in many
cages to college-level study of computexr
science. The problem is the lack of un-
derstanding of the prineciples of strue-
tured programming. The solution proposed
here is the introduction of structured

programming games at the elementary
school 1level which will prepare the
children to do struetured Pprogrammin

later on with languages such as BASIC an
FORTRAN that are not designed to promote
structured programming. An example of
doing this called ANTFARM _s presented
and the results of using it with one
group of children are discussed.

THE PROBLEM

ore and more students are entering
university computer science programs with
some form of prior .experience with com-
puters. This 1s typically a high school
course in FORTRAN or BASIC or experience
with a personal computer. There seems to
be no correspouding exposure to strue-
tured programming or design, however.
The students believe they know a lot be-
cause they have written programs in BASIC
or FORTRAN, but in reality they know onl:
coding; they understand nothing of strue-
ture, top down design, good style, or
documentation. It is sometimes diffiecult
to get them to break the resulting bad
programming habite. This problem is like-
ly to be compounded by the increasing
availability of small personal computers
without proper accompanying instruection

in good top down programming, An in-
creasin? number of young peoflc will
likely learn programming by reading their

olerocomputer BASIC manuals. The learn-
ing of codi will thus be encouraged
tather than the learning of programming.
Yet these students will be misled into
thinking they know a lot because they are
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able to code some subatantial programs.
The task of computer science education
will be made more difficult by this back-
ground expericnce because the students
will have to do more unlearning than is
currently the case and sometimes unlearn-
ing is more difficult than learning.

THE PROPOSAL

A possible solution to the above proh-
lem would be to introduce structured pro-
gramming concepts to children before they
are able to begin to use econventional
programming language. Other svlutions
might be to replace BASIC wirh PASCAL as
the most common microcomputer language ox
to have all manufacturers' BASIC manuals

based on structured programming. WNeither
of these alternative solutions seems
feasible, The simpliecity of BASIC will

cause it to continue to be populsr, es-
pecially with the smallest computer con-
figuracions, The large number of pro-
grams already coded in some dialect of
BASIC will also serve to keep support for
BASIC strong. The manufacturers may be
more or less willing to include strue-
tured ogramning concepts in their man-
uals, but the bottom line will always be
what enables them to sell their product.
The general publie will have to become
more knowledgeable, discriminating, and
particular before the manufacturers will
feel any serious pressure to include ma-
terial on struetured programming.
Although the first solution mentioned
above is not a shoo-in, it is one that
can be developed more casily than either
of the others and would be worth inves-
t:i.%ating. It is not realistiec to have
all elementary schools begin tecaching
structured programming, but a few well-
published suceess scories plus the avail-
ability of well-written materials for use
in schools would help to promote the
idea. A few guccessful projects at
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schools in geveral areas arross the coun-
try would encourapge other educators . o
something similar and inspire ecomg. oor
manufacturers to include structuted de-
sign and programming in their manuals.

Structu.ed programming ‘ecneepts ecould
easily be introduced to elementary school
~hildren if they were presented in a2 game
form at ctheir level of sophisticat%on
Games ecould be developed for whieh the
con »l1 language is dinherently struec-
tu and the echildren would be moti-
vaiwd by the attraction of the game to
master the control language as well as
possible in order to do more with the
game. Because the language would be in-
kerently struectured, they would automat-
ically begin to develcp structured prob-
lem selving skills and struectured expres-
sion of thelr ideas. Manuals could be
provided that would deseribe struetured
design and programming in a way that most
teachers could fo'low and would also
deseribe how to use the games with the
children to develop their understanding
and skills.

The LOGO system at M.I.T. Artifiecial
Intelligence Laboratory {(12) already con-
tributes cto these goals. T4ig system was
not developed for introducing structured
programming concepts but could be easily
adapted to that purpose. It is exeiting
for the chiliren to usc {14) and there-
fore has the necessary motivational char-
acteristies. Several other tools for
teaching structured programming could be
developed with different appeals, dif-
ferent levels of sophistieation, and dif-
ferent vrganizational struectures.

THE EXPERIMENT

A pilot testing of these ideas was pade
in A%yil 1979 by the author and Dr. Mary
Dee Fosberg of Central State University,
Edmond, Oklahoma. To present the 1ldeas
of programming to a group of glfted
children, we designed a gaue called
ANTFARM. It was implcmented on an IMSAI
with a Z80 processor., Diglital HMiero-
systems disk, snd Infoton 200 CRT using
the UCSD PASCAL system which we took to
t’ : presentation and set up there.

The ANTFARM program consists of drawing
:n ant facing up in the center of the
vereen and two rows of food ("€"'s) in
the upper left, “he goal 1s to have the
ant move over to the food, eat it, and
plant new £ood. The ant looks 1like:

*7 *] /
\0 or -0 orx >00-

1] 0~ TN
AN 1y

ete., depending on orlentation

It accepts five basic commands: MOVE,
TURN LEFT, TURN RIGHT, EAT, and PLANT.
MOVE means wove forward one character
position in the direction the ant is fae-
ing; TURN, LEFT or RIGHT, means a 45° ro-
tation about the first body segment; EAT
ieans to consume whatever is under his
head; and PLANT means to plant a new seed
with his tail. Seeds start out as ".';
100 time wunits later they germinate
(","); then after 50 more units they
$prout (";"). They grow into a stalk
("1") after 50 more units and then into a
branching plant ("Y") after 50 more. At
the end of 75 more units, a flowexr ("P")
appears and then z2fter 75 more or a total
of 400 units, the plant matures into food
{"@"). One time unit is the time neces-
s¥ry to execute one operatien. Such =2
growing rate seems to be a satisfactory
choice though unrealistieally fasec.

Each time the sereen is updated, the
cursor is moved to the home position, and
the first line on the secreen is erassd to
await the next input. The user may type
any combination of commands on this line.
When the return key is pressed the ecom-
mands ace performed. We began by simply
showing the childcen the ef feets of indi-
vidual commands. Then we introduced the
coneept of sequence by showing that sev-
eral comiands can be listed on the same
line.

Since the sequence of commands cannot
be longer than one line, the limit on
program size is quickly reached. Other
commands are then introdueed to allow the
ant to do more things. From the author's
point of view, however, additional com-
wands are glven to develop the additional
struetured programming concepts of ltera-
tion, selection, and rafinement.

The first additional command 1llus-
trates iteration: "DO @ ccamand sequence
n TIMES," where n is an intéger. Instead
of "n TIMES," there ecan be "I0 ROW
integer" or "IO COLUMN integer.” The
rows are numbered down the left of the
serden and the columne across the top on
the gecond row. This command allows the
ant to go through a sequence wmany times
beFore stopping for the entering of the
next commard. (The "DQ" commang can be
used in conjunction with the do nothing
commands “WAIT" and "REST" to watch
plants grow.)

The command to iliustrate selection has
the form:

PLANT AHEAD
IF SEE 1 FOOD LEFT conmand.
SPROUT| | RIGHT

{ DIRT




If the character space in front (or to
front left or fromt right) contains non-
space for "“PLANT,™ "@" for “FOOD," ";“ ox
1" for "“SPROUT," or space for "DIRT,"
the single command following will be cxe-
cuted; otherwise it will be skipped.
This command allows for some inceresting
condicional tasks such as having the anc
look for a row of food to eac or an open
furrow in wvhich to pla\}gt wore food. Al-
though the chi'drei. were able to use this
compand it seems to need more development
to be stronger. In its present form, it
geem$ CoQ rescrictive. -

To encourage cthe development of hier-
archical structurz and refinement, the
command Scquences arc limicted to one
line, and a command called "“REMEMBER" is
given. This command has che form "REMEM-

ER name command sequence END" which al-
lows the child to give nsmes to command
sequences for subsequent ugse as commands

themselves. One popular sequence is
REMEMBER TURNAROUND DO TURN LEFT 4 TIMES
END

afcer which “TURNAROUND" can be used as a
comman). This subprogram capabilicy is
especially helpful when used in connee-
cion with the selection command $ince
aonly one command may be selected or
skipped. 1Tte commands "QUIT" and "“STOP”
allow che curcent subprogram co be ended
prematurely {(or che AN1FARM program ic-
st1f to end if it is used at the command
Ztage level). This capabilicy allows for
powerful search features when used in
submodules with selection and iteration
commands, such as

REMEMSER MOVETOFOOD DO MOVE IF SEE FOOD
AHEAD STOP 70 TIMES END

This will cause cthe an. to wamove forward
70 times or uncil there is food righc in
front of it, whichever comes first,

One of che tasks the children raced vis
the planting of a field of four rows of
ten plants each. The following is an ex-
ample of a sctruccured development of a
solucion:

REMEMBER FIELD TWQFURROWS TWOFURROWS END
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The final commands availab. are "“FORGET
name, " which eliminate$ th. named module
from the table, and "TELL," which lists
on the screcen all the "REMEMBER"ed names
and cheir definitions. W -a che usc’
pushes che recurn key afcer the "TELL"
dis[.:].ay, the screen is cleared and the
anc's f4arm scene is redisplayed as it was
prior co the "“TELL" display. A future
addicion will be commauds to save and re-
call che set of defined modules to and
from a disk file. These commands will
a.low a child to build his program from
day co day rather chan having to type
everything over from the beginning at
each session.

THE RESULTS .

¢ had about 1% hours with a group of
gifted children between the ages of nine
and twelve. Interest was universally
high throughout the session. The formac
of che session was that for ahout 20 to
30 nminuces che children were shown some
of the Lardware aspec.-.. of computers;
then the ANTFARM was incroduced. Since
the Infoton has a detached keyboard, the
author sat to the side and did all che
cyping while the children looked at che
screen and said what to ctype. We intro-
duced che ANTFARM features roughly in the
same order as in this faper. stopping
frequently to ask the childreu how to gec
the anc to do some specific cask. The
children picked ug the ideas very quickly
and were soon telling us of th_ngs they
wanted to see the anc do. By che end of
the 1% hours, three or four of che mesc
involved children were beginning to use
top-down design to achieve some specific
task chey wancted the anct to do, defining
their own modules and giving them names.

The only weakncsses observed were the
seleccion cormands and che bugs. The
selz~tion commands were coo difficulc for
the .hildren to use unaided in their pre-
sent form, primarily because the condi-
tion was something happening out in fronc
of che ant inscead of right under him,
and the seeing left or right does noc
correspond well cto vwher: che ant is
facing when he turns. The bugs occasion-

REMEMBER TWOFURROWS FURRCW NEXTRIGHT FURROW NEXTLEFT ED

REMEMBER FURROW DO MOVE PLANT 10 TIMES END

REMEMBER MEXTRIGHT DO TURN RIGHT 3 TIMES MOVE TURN RIGHT MOVE MGVE END
REMEMBER Ni.TLEFT DO TURN LEFT 3 TIMES MOVE TURN LEFT MOVE MOVE END

A field could be planted in cthe upper righv parc of che sereen by
Dp MOVE TO ROW ?* TURN FIGHT TURN RIGHT DO MOVE TO COLUMN 65 FIELD
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ally caused the program to abort, losing
all the defined modules and all the farm
development to that point. Actually the
program worked quite well considering it
was developed and implemented in three or
four man-days and consists of over 400
lines of PASTCAL code. (This accomplish-
ment in itsslf Is a credit to the value
of top-down design, structured program-
ming. and PASCAL.

THE CONCLUSTION

The frogram has demonstrated
that it is possible to create tools with
high motivational value for children that
contain 211 the concepts of structured
programming. Furthermore, the way¥ this
program is designed. forces the children
to use hierarchical or structured devel-
opment to achieve their goals. Even in
one session We were' beginning to see some
of the childrer using structured develop-
ment, on their own. It seems reasonable
to suggest that continued use of tools
such a$ ANTFARM over an extended period
of time could develop these concepts so
well in children that they would continue
to use top-down design and structured
programmin% even with languages such as
BASIC and FORTRAN which are not naturally
oriented toward them. We hope that we
will have the opportuniiy to continue to
explore these ldeas and that others will
have similar opportunities. We need
long~term data on children using these
tools to determine the effects on their
future success in pregramming or computer
science.
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STRUCTURED GAMING: PLAY AND WORK IN HIGH SCHOOL COMPUTER SCIERCE

Jd. M. Moghell, G. W. Amann
(The Univeraity of Tennessee)

W. BE. Baird
{Wast High School)
¥noxville, Tennessgsee

PROLOGUE

Question 1l; Wheh is a computer game not a
game? When is it an ok clasgs~activity?
Question 2: So what's wrong with games,
anyway?

ZXasperated answcy to 2

Studernits won't work on programsg when they
have access to games. Games are fun and
programg are work.

Reflactive answer to 2:
The usual computer games are either

hand-eye {with occasionally some small
amount of brain-)} coordination contests,
guch as "Lunar Lander,” or fantasy-land,
interactive do-it-yourself storybooks such
as "pungeons and Dragons.” These activi-
ties take part in the allure of broadcast
television: namely, they involve the
student kineticazlly and emotionalliy, but
they do not have a cumulative component.
You can walk in on television (or computer
games like "PONG" or "SPACE WAR")
anytimé; no prereguisities or logical-
daeductive skills are required. (For an
excellent exploration of this theme, see
Pogtman, 1579.)

We cannot call this kind of attention
passive ~= observe any kid watching an
action TV show or plaYing a video game.
Nevertheless the interaction is non-ana-
lytical. it has more in common with
baseball than with reading, more of re-.
cess than of curriculum. Ko wonder
teachers of computing have game trouble
whenever interactive terminals or micros
hecome available.

The problem this paper eXplores is
the development of an introductory com-
puting curriculum built around a kind of
structured gaming., The ¢omputing ccmmu-
nity has begun to understand that care=
fully chosen programming language features
can guide our thought in ways that make
code work across time, that is, remain
adaptable, comprehensible, repairable.

Thisg we 48 partially supported by NSF Grant
TEDw79w4 4391

We propose that a gimilar choice of gamin
features can foster the development o
logical problem-solving skills, while
retaining the kinetic/esthetic motivational
structure of video games. (We have all
known programming hacks who have made the
game/program connection.) We want to use
oolor graphics to make computing

nore lik» onlor crayons and less like

arithmetic, -

Having said that much, we will answer
Question 1 and then flesh out our answer
with a description of the curriculum we
are developing.

Question 1: When is a computer game an ok

class activity?

Answer: 1} The game must be designed with
a set of concepts and skills in
mind and a plan for how the
game teaches these;

2) The things learned in the acti-
vity must contribute toward a
cumulative body of knowledge,

a toolki t e gtudent can
perceive and make use of, as
; toys and toy-making toolg:dagg

3} The game must be supersede
a more interasting, more inter~-
active game, chosen with sxtreme
care to be unplayables unless the
student has mastered the skills
taught in the previous lesson/
game.

CHALLENGE

Qur mission, in the University of
Tennegsee/NSE High School Computer Science
Curriculum Project (HSCS), is to make com-
puter skills available to average students.
Computers may indeed become as ubiquitous
as telesphones and televigions, although we
believe that the introduction ¢f another
technology as soporific, captivating, and
anti~thinking as television could be a
major gocial disaster. W. hope, rather,
that computers will become convivial tools
like the telephone; "convivial" means that
their use is determined by the user, not
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by some central least-common denominator
such as broadcaster. We don"t have utopian
ideas as to what future generations will
do with computers. (Who could have pre-
dicted in 1915 what problems we'd have with
avtomobiles?} We do, however, have a
strong feeling that the question of
whether individuals will be able to program
their computers, or merely buy programs, 18
an oben and important guestion. The chal-
lenge, then, is to give every citizen who
can dial the telephone gome ability to pro-
gram a computer.
METHOD
This section will be brief; we have
published elsewhere (Aiken, Hughos, Moshell
1980} the nuts and bolts description of
HECS. We are using a cartoon-animation
goftware system called RASCAL which runs
as part of UCSD PASCAL on the APPLE
microcomputer. The basic ifnstallation
costs about $3200, including a single
floppy disk., color television, and 160
character-per-second printer. Each lesson
in a one-semester (18 week) course consists
of approximately a week of work, divided
into thesge parts:
Introductory activities
Bxploration project
Skill-building project
Buttoning-~up activities.
A class congists of about 15 students per
computer (our collaborating schools have
only one APPLE each; we hope to try the
curriculum in multi-computer classes later) .,
Five groups of three students alternate
computer use with plenning work using
graph paper and marker pens. %The off-line
students a2re planning their strategies,
doing hand simulations and observing the
on-line students, for to graduate to the
next activity, a group must successfully
predict the outcome of an assigned “geed"
{e.g., geometric pattern, algorithm, pro-
gram). The activities develop during 18
weeks from a non-linguistic, color-patctern
process called “quilting” (next section},
through immediate-mode and straight-line-
code entry of TURTLEGRAPHICS (Papert,1970)
commands and the intreduction of PASCAL
control structures suclh as REPEAT...
UNTIL and IF...THEN, t¢ the creation of
cartoon characters and their animation
with complex programs using the RASCAL
animation system. The output is always
color graphics an® music; the curxriculum
steadily increases its interaction as
students learn how to use the Joystick
to control motion. There is always an
undarlying leggon about how programs
work. Al: code is in a completely
structured language (PASCAL) and is
taught from the inside out. Only at later
stages do environhmental details such as
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declarations bhecome of concern. A PASCAL
interpreter is used which scrolis the
source o ‘sgram being executed on the bottom
of the screen (at a controllable rate)
while the program produces its output on
the top part of the screen. A working
system will be on exhibit at NECC2.

We will conclude with fairly detailed
explanation of the f£irst two lessons,
quilting and TURTLEGRAPHICS.

TWO EXAMPLE TLESSONS

Lesgon I

Behavioral Objectives: Students should
learn how to insert a disk and start the
system. They will run the Quilt program.
explore its features and limits, and use
it to generate .;tatic and moving colox
patterns.

Conceptg: Stwlents will learn the follow-

ng.

1} hov to enter an initial pattern of
information into the system which
then controls the repetitive be-
havior of the computer
{Introduction Activities).

2) how to construct simple experiments
to determine the parameters of the
computer's operation, such as how
many¥ colors it has, how big the
screen is (Exploration Prolests).

3) how *to hand-simulate a Zormal pro-
cess of discrete steps to predict
the computer’s behavior and under-
stand it(Skill-building Projects).

Regources:?

The Quilt program. Students insert

a disk and ‘turn on the computer,

¥When the greeting message appears,

thov type X (execute). The
computer asks EXECUTE WHICH FILE?

The student types QUILT and a re-

turn. QUILT then prints the fol-

lowing mes<age:

THIS PROGRAM LETS YOU DRAW A PIC-

TURE AND THEN MAKE A 'QUILT' OF IT

BY REPEATING THEY PATTERN. TO DRAW:

SET PADDLE 0 POR A COLOR;

TYPE KEYS ARCUND K TO MOVE THE DOT.
FOR INSTANCE, 'I' MOVES THE DOT
UBWARD.

TYPE 'R' TO SEE THE PATTERN

REPEATED.

TYPE 'H' TO HALT THE REPEATING.

TYPE 'C' 10 CLEAR THE SCREEN.

TYPE 'Q' T0 ENp THE PROGRAM.

NOW HIT THE RETURN KEY TO BAEGIN.

When the student hits the return

key, the following reminder message

remains on the bottom of the
scraens

REMINDERS ¢

KEYS AROUND,MOVE :1«UP ,J=LEFT,U=DIAG,

BTC

C)LEAR R)EPEAT H)ALT THE REPEATING

QUIT THE WHOIE PROGRAM
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The game paddle supplied with the
APPLE computer consists of a knob
controlling a computer input; the student
turns it and observes that the dot in the
center of the screen changes color. She
types an experimentnl segquence of
keystrokes such as 1ILI and observes that
the dot moves and leaves a colored trail
shaped like Pigure 1. She then tries typing R.
The camputer immediately reproduces the pattern,
starting where the cursor was left and £illing the
screen with a periodic pattern. (Since the acreen
is wrapped, when the cursor dot falls offscreen
left, it rebuns on the right, and similarly for
top-bottam.) If you Rlepeat the above seed, you
get Figure 2.

Miscellaneous resources: custam-made
40x40 graph poper; f:.ve or $ix sets of
color crayons.

¢ of Pren
mﬂi!ustaa_yofthis lesson consists of

introducing the program and allowing stidents to
play with it for a few minntes each, They are sent
away with copies of a sheet of exploration pro-
jects to be undertaken the aext day. These pro-
jects are carefully oxdered by increasing difficulty
50 that the first group on the machine will have
scme chance of success, while the second group will
have to do scme planning before getting on the com-
puter (while the first group ie working) in erder
to succead. The exploration projects are:
Grovp 1: How many colors are there?

Are they distinct, or are same repeated?
How are you going to be aure?

Can you paint with'black, or is it like
the paintbrush not touching the painting?
How high and wide is the screen? How
many oolored blocks are thare?

How many hlocks (pixels) per second can
this computer draw?

Can you find a pattern (seed) which, when
run, will £i1l the entire screen with cne
oolor? What is the shortest one you can
£find?

Tet's say you were allowed only seven
keystrokes to make your seed. If I stuck
a pisce of tape on the acreen aomevwhere,
can you make a seed which will zap a lire
through my marked spot? (It might go
aropund several, times; that's ok.)

The second and part of the third days are
spent giving each work group (bwo or three stndents)
ten mimites access time to the otmputer, vhile the
other groups watch or plan. The teacher moves
about observing, providing hints, and showing
shﬁmmmwmmmmﬂammﬁum

graph paper and crayons. We tun ty of
access to our advantzge here by requiring
the stivients to be caveful and precise in their
hand~stmilation of the repeat-process in order to
predict what their programs will do,
During the third day the teacher detemines

Group 2:

Growup 33
Croup 4%

Group 5z

which groups have carpletad their tasks and gives
them the next challenge sheet: the skill-building
projects, Since the first groups got casy emlor-
ation projects (and finished carlier), they are
given tougher skill-tmilding projects. Groups
that haven't figured out their explorations by the
middle of the third day are helped to find the
enewer and moved on.

The object of skill-building exercises is to
be able tn accurately predict what a given seed
will d5. Twoe parts ave given. In part I, each
group is given a diffecent list of three or four
seeds and askel to hand-similate the result and
then to try it. When they can & this
correctly, thert move to part IT. Here, the work-
sheet gives them the finished pattern, and they are
to find the seed that creates it. In this exer-
cise, the gaie really becomes like a game. Moving
patterns are posgible, for instance, if the seed
goes hack over itself in the background color before
continuing, Again, because the students are having
to hand-simulate during their off-machine time,
skills ave being built while students are plamning
suceess, The teacher only give very short
machine aoccess times during this phase, requiring
that a filled-out crayon similation be presented as
a ticket to allow its being tried on the camputer.

On the fifth day the clags is given over to a
show-and~tsll, in which each group explains how it
found the answer to its eploration question and
shows off the most interesting seed., Polaroid
photos or slides of each group's best pattern are
taken for use in the end-of-oourse Parents’ Day
exhibit.

Lesson 2: TURTLEGRAPHICS

Behavioral Cbjectives: Students will learn how to
conl screen via inMividual comands

to the INTERP progran. They will explove the fea-

tures of TURTLEGRAPHICS and of NOTE, a msic-output

function.

Concepts: Students will learn the following:

T 1] the idea of using comands that ave words
to get desived output. They should under-
stapd that cammands consist of tors
{verbs) and {(nouns or adjectives).

2) the concepts of experirent
and hard-gimalation (which are introduced
by Lesson 1 and reinforced here).

Resources:

TV INTERP, the PASCAL interpreter program.
INTERP will ke used tlwoughout the course.

. In this lesson, the immediate mode will be
used as each comand Is entered it is
executed., The conmands used this week
(listed bhelow in ). Events) control the
position of an ima screen turtle
which leaves a colored trail as it moves.

2) Six small protractors.
3) 8ix pre-made, but unmarked, cardboard
rulers long enough to reach diagonally
across the TV screen.
Sequence of Eventsg:
tn the Iirat day, the teacher shows students
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how to start INTERP and enter the immediate mode,

each while the :lass observes the effect:
FILLSCREEN (BLUE)
FILLSCRERN (RLACK)
PEHOOLOR (WHITE)Y
MOVE (20)
TURN (50}
MOVE (20)

one more comand is added, MOVETO(20,20}, to be
used if the line being drawn goes off the screen.
Students are allowed two minutes each on the com-
puter to try these camands. The concept of cam-
mands (operator, operands) is hriefly explained.
msl’burdisocveryqlmtionsaret}engivmbou\e
. 3

1} what is the size of the soreen? fthere is
the center?

2) How many angles are thera? What do nega-
tive angles do?

3) How many colore are there? What are they?
what happens when varicus pencolors and
background colors are usad together?

4) Try the comand NOTE(number, rumber). What
does it do? What is the effect changing
the first manber? The second mmber? what

After having demonstTdted the ability to shoot
a fixed dot on the screen (beginning of fay 3), the
team will graduate to production geametric figures
of the following types - increasing in difficultyt

square
2) rectangle
3) isosceles right ¢triangle
4} equilataral triangle
5} rectangle with diagonals
6) trapezoid
7} S-point star
8) Star of David
9) "naked dandelion® (radial lines from a
camon point)
10} a short name, in block letters
The first five designs above will be attampted
by the teams on Day 3, with the first team to the
terminal getting design 1, the second team getting
design 2 and working first at their desks with graph
paper, protractors and rulers, and =0 on all
the teams, On Day 4 or after they have mastered all
of the first tive designi, the teams will tackle
designs 6-19. On Day 5, the class ag individuale
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will be given TURTLEGRAPHICS oommands to produce a
design at about level 8 above and asked to draw the
figure on graph paper as it would appear when drawn
by TURTLFVRAPHICS

'ITBCUNI‘I‘I‘IBSI‘!IECP'IHBHS(BGJRRI@W

“AC this point the reader may ask, "Woy do you
call these activities games at all? What have your
lessons in conmon vith Blackjack or Lunar Lander?

The fact that unifies Quilting, TURTLEGRAPHICS,
and more traditional interactive games is that they
sell thamselves. No one has to campel students to
do their assigmments,

The point at which our curriculum diverges
from closed games is that the only real opporent in
traditional games is a psendo-random mumber gener~
ator or perhaps another hman, In a cognitive game
the orponent i8 the rich structure of oir own
ignorance. The excitement of being able to create
pattern and order is asg old as the wall paintings
in the caves of Prance, It is an essentially
human activity, one at which all players can win,
It is alsc a meta=game,; in which an infinite mumber
of specific games like shoot=the-dot can be
expressed, The relationship bhetween cognitive
games and traditional games is analogous to that
between a set of hlocks and a preassambled toy, A
different order of learning becomes possible.
'IT!BDESIGNSI"!IE&"I‘HEHSCSGIRRI

Siple we have fol-
lmedisboattetpthomkeeadalessmauqrmtme
student*s gkills in three arsas: discovery, con-
trol, and design, We allow students to play with
the systow as each new feature is introduced, but
thes have discovery questiocns whos? answers they
seck as they mess around in more or less stxuctured
ways., They need to find the answers to be allowed
access to the next level of the system. Students
Gevelop disoovery skills by experimentally
ing quesBions Iike "what does this commwrd do?"

We ask students to undertake specific chal-
lenge, such as the shoot-the-dot gawe, to develop
their ability to controi the oumputer by selecting
the correct providing correct values
for its operands. Their undergtanding of the system
is built by similation exercises, which alisw them
to predict the behavior of a camand and thue to
choose the right command.

Iater in the samester, students will begin
writing programsf but even at early stages thare is
the impetus to input sequences to produce
the desired pat Students mugt be able to pro-
Juce a sequence of commancs which produces the pre-
idcted output on first sdmission in order to
Jraduate to the next level of the system,

Arother principle we have followed can be sun-
med wp in the phrase "design from the first eperi-
emce.* We believe thal camputer science (or any-
thing else) should be taught fram the incide out.
That is, first experiences most Incorporate the
heart of the makter at hand. with as little extra+~
necus matter as possikie. For instance, Quilting
teaches the fundamental core of the computing
expariencer in cpatitioh of a controlled
there is grest power, The Quilting lesson is taught
without introducing a word of jargon, . vious
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assigrments, or complex comand sequences. Quilt-
ing, and its fundamental message, can be taught to
i1literates. The second lesson similarly teaches
the relationship between operands, cperators, ard
results, Only after students have firm cperatiomal
skill with a given tool, do we introduce terminol-
ogy, written reference materials, and the ultimately
necessary environmental details suweh as data
declarations and control statements.

This paper has addressed the important ques-
tion of "Quo Vadis" microcomputer education? We
are excited by the prospect of transforming gaming,
a traditional problem area for computing teachers,
into one of their primary tools.

The authors acknowledge and appreciate the
assigtance of their collakorators: R. M. Aiken,
C. E. Hughes, C. R. Gregory and J. A, Ross
(University of Tennessee}; L, Demarotta {H. C.
Maynard High School}; E. Miner (Alcoa High School).
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TAPPING THE APPEAL OF
GAMES IN INSTRUCTION

Peter 0., McVay
Educational Services
Digital Equipment Corporation
12 Crosby Drive
Bedford, MA 01730
Tel. 617-275-5000 Ext. 2217

Gameg and the Computer

Around the time when computers began
appearing in classroom$ and ceased being
a novelty, the theory arose that the
ideal way of teaching with a computer
was to put instruction in the form of a
game. Actually, this teaching method
has been around for years; pioneers in
the Dewey teaching method used many
games in their curriculum, and a number
of Montessori technigues also involve
cames.

Probably one reason the game idea S0
caught and held the attention of educa-
tors with computers was the mania for
computer games in general. Really bril-
liant students {and instructers)} spent
an inordinate amount of time designing
and programming new games. Other in-
structors and students spent a huge
amount of time playing these games. Why
fight it? Design instruction to take
advantage of the built-in motivation;
there is a pool of course developers
anxious to develop instruction (l.e.,
games) and a large audience of enthusi-
astic students (players).

What Happened: Expectations Denied

With a few exceptions, the results
vere notably disappointing. Problems
arcge on two fronts when games were made
an integral part of computer-aided in-
struction:

The 9game quickly took over
the instruction and fregqueatly
became more important tbhan the
content of the lesson.

Language~oriented, subjects
reguired a huge amount of pro-
gramming effort t¢ bend to an

effective computer game. Human
languages and thought processes
simply are not easily trans-
ferred to a computer, except on
the simplest level. [Hote the
word “easily“--there are bril-
liant exceptions to the above
statement.}

The pendulum recently has appeared
to swing in the opposite direction:
games are now anathema and viewed as a
frivolous pastime at best. But this
approach ignores that games are immense-
ly popular and have a tremendous at-
traction for game players and designers
both. This paper proposes to extract
some of the good points about games and
then apply them t¢ real computer~aided
instruction.

Salvaging Valuable Parts

What peints are worth saving? What
can games do that other methods of in-
struction do not do as well? The obser-
vable characteristics of computer games
(and computer game players) are:

A high level of motivation.
Game pPlayers and designers
spend hours working at the
terminal .

Clear and congigtent goals.

All true games have a clear

ending in mind. How much in-

struction becomes bogged down
because ©f muddy goals and
objectives?

A high amount of player in-
teraction. Game players are
doing something: they are
manipulating the terminal, the
computer, and the game struc-
ture itself.
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Maximum choices for the play-
er. Studies of children's toys

EEve shown that the flashiest

is not the one that is
glayed with most often. The
toy that gets the most atten-
tion is the simplest one that
allows the child to use imagi-
nation. The most popular games
{on or off the computer) are
those with the simplest coi~
structs and widest range of
choices.

Simplicity. How much in-
struction fails because the
starting sequence for the stu-
dent is too complex? Complex-
ity in itself is not the hor-
ror--the problem is that no one
bothers to explain all the de-
tails to the user. Most good
games come with very detailed
instructions. [Wote: why does
the programmer who balks at
providing documentation churn
out reams of instructions for
the game he just gdesigned?}

Creativity. Many of the as-
pects of computer games--wheth-
er they are traditional or in-

' yented by the user--have highly
creative parts. An axiom among
game designers that is fre-
quently used to justify their
interest in games is that some
of the most highly creative
ideas and programs are First
developed in a gumne.

Applied Gaming Principles

How can the principles from games be
applied to instruction? It turns out
that the items that make games so ap-
pealing are intertwined, and by incor~
porating several facetsz of games into
genuine instruction, several objectives
can be achieved at once (e.g.» high mc-
tivation, stromg interest,. good inter-
action) .

The remainder of this paper is a
checklist ©of items to look for in any
computer-aided {instruction. These are
items which have been found to most re-
liakly- increase the gquality of computer
instruction and, it is hoped,’ the skills
of students taking the course. &an im-
?ortant point about this list is that it

not meant to be exhaustive--it is a
start. Persgons watting to use the ques-
tions as a checklist may slso have their
own »rinciples and procedures t0 add to
the list.

Questions for the Developer

Is_the method of presentation con-

gsistent with the material? The best
computer games require player actions
that £it the total concept of the game.
Players move tokens by giving directions
to the computer in a manner similar to
picking up the piece by hand (for board
games), If the game is a thought-type
game, the player makes decisions that
are consistent with real-world decision
methods. The computer in both instances
is a referee, informing the player of
the consequences of his actions.

Poorly designed instructional games
or simulations use methods of advancing
players {students} that are not related
to0 real actions. In a number of conpu-
ter board games, students race cars,
horses, or other items around a track.
But instructional racing games make the
pleces move around the track by answer-
ing questions., These games are not no-
tably successful because the action is
koo glow and because races are not nor=
mally run by answering gquestions. This
degign error occurs because the devel-
oper has inferred that actions that game
players enjoy in one setting must be
good in all settings. Thig mistake re-
sults in a product that is neither good
instruction nor a goo? game. Lesson de-
velopers can avoid this trap by choging
a presentation method without regard to
the observed popular appeal of a method
in a different setting. A natural, or
congistent, presentation enhances the
appeal of a lesson considerably. If the
subject is math, the game should use ma-
thematics naturally, not as a means of
moving a token. The Minnesota Educa-
tional Computer Consgortium has developed
economic models that allow chlldren to
run gimulated businegses (lemonade
stands, bicycle factories); both mathe~-
matics and economic fundamentals are
taught through these games. English
teachers can use word qrocessors avail-
able on most computers
Students take naturally to word proces-
sors~-they enjoy seeing their work
turned out in a professional format.
There are many other examples--the key
is to ensure that the presentation
matches the material,

Is there a large amount of player
interaction? Frequently the charge
ralsed against television can also be
raised against education: the student
gits and absorbs the material passively.
The lecture format certainly has its
place, and brilliant and stimulating
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lecturers are rare individuals that
should be sought after. But computer-
aided education as a lecture or elec-
tronic page-turning format usuvally does
not rise to these heights--and is also a
bad use of the medium.

An examination of the most popular
games showe a high amount of player in-
teraction. This interaction is not sim-
ply key-pushing; some of the Ppopular
games are also limited to sSingle-key
regponges after lengthy actions by the
computer (football, adventure, road-
race). But the player is constantly
thinking~~decisinsns must be made, paths
chosen, strategies worked out.

Again, an objection will be raised
that the material in education cannot be
adapted to such a lengthy decision~-
making format. But an examination of
the actiong that students take when
studying shows several possibilities for
increasing the student's participation:

1, ‘ath choice. When a stu-

" dent Is studying away from the

classroom, he at least has the

option of choosing which page

or chapter to start on. Why not

include thig choice in the com-
puter session?

2. Notes. It is relatively
simple to provide an electron=~
ic scratch pad--each student
can be provided with a comment
or note option during the les-
son. At the end of the lesson,
the student can either store
the notes or (if disk space is
limited) take a printout of the
notes away.

3. More inguiry. This does
not mean more dguestions. In-
gquiry can be a form of path-
taking, or an fipvitation to
speculation. The student
choogses which subject to take
first. Incidentally, this alsv
answers the f£fregquent guestion
of the correct order to study
subtopics. The student can
choogse the topic and also skip
from topic to topic if neces-
sary. The same material is
eventually covered, but along
paths that the student has cho-
sen.

Is the material creative? One
puzzling problem in computer~aided in-
struction is that the same individuals
that produce ho-hum ipstruction also are
turning out brilliantly designed games.
Obviously the same effort is not going
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into both projects. This problem is a
management, not a computer, problem.
There can be Several reasons for this
dichotomy when it appears:

1. Freedom to_exXperiment and
Eggg_gigggg. If you insist on
error-free and perfect instruc-
tion from your developers, that
ig exactly what you'll get--
with all the creativity and or-
iginality of the Saturday-morn-
ing cartoon shows. A perfect
lesson ias not necessarily a
good lesson. In fact, lessons
that have incomplete sections
may even be more useful, since
the student must £ill in the
missing portions.

2. Appropriate comments at
appropriate times. Kibitzers
seem to abound in educational
development areas. The discus-
gion of approaches and critical
analysis ©¢f lessons under dev-
elopment is ah important part
cof the creative process, but
there are many cases where a
promising bit of instruction
hag been discarded because
constructive «criticism was
heaped upon the material--be-
fore it was developed and be-
fore advice was requested.
wWhile a developer is writing a
game as a hobby, no one is
leaning over his shoulder.
Leave the developers alonhe
until there is something to
criticize other than a first
draft.

3. Resvongibility. Managers
frequently lack confidence in
the persons working under them.
and hope to awveid errors by
giving very detailed instruc-
tions to the developers. If a
developer is presented with a
cut-and-dried package, there is
little room for a new and crea-
tive approach. For someone to
become truly involved with a
project, she must feel that the
project is at least partly
hers, and must have some in-
volvement with planning. And
responsibility extends down to
some very low levels. In a
language arts project in Nor-
folk, Virginia, the computer
operators were employed to
enter some of the 4questions
students would be given. They
were asked to use their imagin-
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ations when entering the praise
response students would receive
on  correct angwers. The re~
sults were a series of gues-
tions with highly original re-
sponses that the students could
relate to. The operators also
took a personal interest in the
development of the course, and
frequently monitored student
rogress and asked to change
essons that were not popular,

18 everyone usind the material en-
thusiastic? Here 18 another factor that
is a function of the people involved and
not the computer. "You WILL be enthusi-
astic!™ is obviously an unworkable ap~
proach (but one which i3 sometimes
tried!). But if everyone involved with
the development of a particular piece of
instruction finds it tedious and diffi-
cult to work with, then perhaps the en-
tire instruection set should be looked
at. If persons vho are working in their
subject area find the topie boring, then
what about the students? What is needed
i9 either a fresh and creative approach
{see above) or a different teopic. If a
subject is completely boring, then its
value is open to question. Tepid topies
usually result if the individuals can
see no value in them whatsoever.

Enthusiasm, once engendered., tends
to be catching. Enthusiasm most fre-
quently stems from freedom and responsi-
bility--two subjects discussed under
creativity and maximum choices, above.
Freedom and responsibility extend to all
levels: supervisors, developers, tea-
chers. and students. Teachers and ad-
ministrators tend to be wary ©Of allowing
students to take part in the teaching
process, and for good reason: student
freedom is8 difficult to manage and con-
trol. Real partiecipation in their own
education is alsc a novel idea for most
students; they have been passive consum~
ers of instruction for so long that they
may not be able to handle such a respon~
sibility without careful pre-training.
But the results can be spectacular.

Here are scme areas in the instrue~
tional process where personnel at all
levelsr can directly participate:

1. Level of instruction. Too
hard? Too easy? Should it be
preaented to a different grade
level or in a different subject
area?

2. Method of presentation. Is
the format (question and ans-
wer, screen display, essay and
choice) appropriate for the
subject?

3. EBffectiveness. Does the
content Of the lesson stay with
the student?

4, Correctness., Is the con-
tent free of grammar, syntax,
spelling and content errors?
{(Here is an area where younger
students delight in showing
off. If you choose to release
them on this one, prepare for
an avalanche.)

5. Additional lessons. What
other material ahould be added
or changed?

6. Design of instruction it-
self. Developers can work with
older students, or students who
have just completed the course,
to redesign and evaluate the
instruction.

Is the course simple_and _direct?
One fault of scme o©of the innovative
courses is that they tend to be immense~
ly complex. While at some time in the
future humans may learn to think recur-
sively and in complex algorithmic pat-
terns analogous to the machines they
use, presently people still think in the
same o0ld way. Presenting highly complex
study structures, maps, Objective
fields, and learning paths can set up a
forest that gquickly discourages even the
most determined students.

If the struecture is tooc complex,
there are three solutions:

1. Check the Presentation. In
complex satructures, a simple,
direct path can frequently be
found in the material.

2. Turn routing over to the
student. 1f glven a list of
toplce and objectives, the stu-
dents can make their own
choicea of what to study first,
and when.

3. ide some of the complex-
ity. Some of the atructure may

e due to the enthusiasm of the
developers for marvelous struc-
ture. A lot of the design can
be safely hidden by having the
computer do the routing work.

Great advances have been made in the
use of computers in classrooms in the
past few years, and the pace of develop-
ment and discovery increases with each
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new application. The procedures dis-
cusged 1In this paper are a starting
point for developing better computer-
aided ingtruction. The key to success-
ful computer-aided instruction, as {n
any other form of instruction, is the
Teople involved in the project. There
8 no substitute for a creative, dynam-
ic, and highly qualified individual in
the right position at the right time.
Portunately, these persons appear t® be
available because computer-aided in-~
struction has made great gains in recent
years. The continuing analysis of what
constitutes good techniqgue in the use ¢4
computers will continue this trend.
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ASSTRACT

The growing importance of ccaputers in medi- pedical computing has recently been singled out as
cine implies that health professionals lacking ru- an area of graat leportance that dessrves more at-
dimentery knowledge of their potential use will be tontion than it hee received (7, 12, 18). Very
handicepped in the future, In this paper we dis- little Iiteraturs has addressed thia goul and there
ouss the content and implementation of a curriculus has been no olear consensus about which aspecta of

in medical ‘computing that we have introduced at our comput er sclenss should bDe taught to medizal stu-
medical school to resedy thia problen. In additiocn dents and physiciana. How this material should ba

to forsal classrcom instruction our program in. taught and how it should be introduced intc an
cIudes such innovative featurea as a demonstration already inforsationedense wedioal education process
laboratory for exhibiting ocomputer appIications in have been given little if any attention.

medioine, the use of a family of knowledga mar:ge. B

sien! languages that are deaigned for computers it is our belief that the growing influsnce of
inexperienced clinicians, and the involvesent of computers on sediocal care pakes scae familiarity
interested individuals in ongoing reaearoh in cos- with their uses and potential important to health

puter applications in medioine. Our description of profesaionala. We have thus designed and imple-
this ourriculum and its iaplementation should be of mented a progras to suppleément oonventional medioal
intarest to anyone involved in teashing oomputor- sducation with inatruction on medioal computing.
inexnerienced individuals about the potential uses This program has two sajor cbjeotives:

of ovaputers,
{1} to provide haslth professionals with a broad

1INTRODUCTION underatending of current and potential uses
of computors in medical researoh and olinical
In recent years the role of ccaputera in medi. practiocs; and
oal education has been receiving a great deal of
attanticn. The vast majority of thia interest haa {2} to give health professionsls the ability to
oentered on coaputer<aided instruotion.for a wide directly use available ocaputer reecurces for
range of olinioal and proeolinical topics (3, 4, 8, solving clinical and research probless.
9, 14}. At the present time many wedical schools
use suoh gutomated instructional material to In thia report we begin by out) ..ing the con-
supplesent conventional tasching methods. tent of a currioulus on computer applicativns in
biosedizine that weé believa achievea these objec-
In this article, howsver, weé will discuss a tives, We then disouse how we have approached the
acoaplemantary aspect of computers in medical sduca- implementation of this program at our institution
ticn: introduoing medical studente, prastioing and tha response it has ganarated asong wedioal
phyaicians, snd other health-ralated personnel to students and fsculty aembers. Finally, our experi.
tha spplications of oomputers in medicine. Bduoat- sncea #re reviswed in tha dontext of othar reaent
ing individuala in tha health profesaions sgbout sndsavors in this area.
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A MEDLCAL COMPUTING PROGRAM

The content of our medical computing program
reflects our {eelings about what topics are cur-
vently laportant or #ill become a0 in the future.
Oar chiolce of topies ia based largely on medioal
G)aputing syatems that are presently used and a re-
view of recent litersture on biomedical computing
resesarch. Our emphasis is on the use of the com~
puter ua a tool to accomplish various tasks rather
than the fundamental conoepts of computer science.
The materisl in our program can conveniently be di-
vided into five seotions:

General Concepts

Seientifio and Laboratory Applications
Clinical Applioations

Educational Applications
AMninistrative Applicationa

The section on general oonoepts is tallored to
increase student awareness of ths oapsbilities of
computers and to provide them with the fundamental
knowledge needed t0 use a coaputer. 1t includes:

8 Eaaentisls of Interactive Computing: 1n ord-
er to enoourage atudents to become coaputer
users, we begin by explaining the aysteries
of account numbera and pasaworde, the tech-
niques for aigning on and off, the 1diosyn-
craaies of vaing certain terminsle, the mar-
vels of the exeoutive 3¥ates, and how to save
data and/or prograns in ratrievable files.
{Batch processing of prograss is discussed
but not used by students.}

B Document Prooessing and Text Editing: These
systess are easy to learn and imnediately
useful to the students. Their sastery faoil-
itates the learning and vae of other ocomputer
resourqes.,

D General lnformation Processing: Profraseing
languagea for information prooessir] and for
general probles-solving are survayed. Guides
lines are presented for selecting an appro-
priste language for various tasks.

B An Overview of Applications: An initisl
overview of tha range of scientific, labora-
tory, olinioal, and educational epplioaticns
of computers in medicine ia given. This ine
cludea discussion of 1oosl working syatems
ach as & whole<body CAT scenner; s aranial
CAT scannisr; tWOo nuclear sScanners; coaputers
ized baaic solence ressarch laboratories; the
Q8«2 system for ICU patient data collection,
atordge, and monitoring {(at the Meryland
Inatitute for Emergency Mediocal Services); a
partinlly implementad PROMLIS system {17) {at
the Baltimora Cencer Reasarch Centsr); and
the Stroke Databass Center (looated adjaaent
to the Neurology Ward, this unit serves as an
satry point to the suitioentsr Nationsl
Stroke Database (1)),
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8 Soolal and Legal lssves: A diascussion of the
present and future effects of computera on
the practice of medicine is given ang ine
cludes material on ethical 1ssuves, standard-
ization, ana the economics of pedical computa
ing. The Priveaoy Act of 1974 (Pl 93-579},
the Federai Brooks Bill (Pl 89-306}, and fed-
eral information proceasing standards are
examined. )

The section on sclentific and laboratory ap-
plications contains the following materlal:

0 Real-Time lnstrumentation: ConfiSurations of
mic¢roprocessora and minicomputers for data
aoquisition ranging from stand-alone dedi-
cated facilities to hierarahical computer
networks are discussed. Techniques for col-
lecting apd commpunicating data to the ocomputa
er ares streased.

@ Graphics: The vse of terminals with graphica
capabilities and plotting aystems is ex-
plored. Their ability to extend tie effec-
tive vse of computer resources by improving
the presentation of certain typesa of informa-
tion is covered. The plotting of resvlts
from the digitsl simulation of & biophysical
systex is used as an example of the suppor-
tive role of graphics.

0 laage Provessing: Th2 pole of computers in
various ¢linleal scanning systeas (e.g., CAT,
nuclear) is discussed. Attention is given to
the future.potential of image analysis in the
laboratory (e.8., ohromosome analysis, cell
ocounting),

8 Statistical Analysis of Data: The basic cone
gepts of data analysis are introduoed and
s7ailable packages for statistical processing
of data are desoribed {e.g., SPSS, BMDP).
Example applications suoh as epidemiologic
data analysis are provided.

The seotion on clinical applications covers
topics dealing with the vse of computers in patient
oare cnd clinical research including:

0 The User-Cooputer lnterface: 7The vae of com-
puters for obtaining & patient's history and
the probless of aaking computer facllities
direotly usable by phyaicians are explored.
A brief introduction to natural language
prooasaing by machine 18 provided.

D Medical lnformation Sydtems: This includea
the use of registries, data bases, snd hospi=-
tal information systems for atoring and re-
trisving sedical records for use in patient
cara and clinical research. Aspects of se=
ourity and integrity are exsained in detail.
The conoept of a query language is introduoed
and ourrently available systems are reviewod
(e.g., COSTAR, PROMIS, ARAMIS).
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8 Copputer-Assisted Medioal Declalon-Making:
Tne potential uses of computers for asaisting
physicians with diagnosis and patlent manage«
went are discusased. Concepts of Xnouledge
representation and alternative inlerence
asthods (z.g., statistical pattern classirfi.
catlon, production rule systems, cogSnitive
models) are covered.

The zection on educational applicationa covera
material relating to any aspect of the health pro-
feaalonal’s training. It includea:

0 Computer-Alded lnstruction: The avallable
asystems for computer.alded instruction {e.g.,
PLATO, ASET, HEN) are reviewed and informa.
tion on how to author auitable lesasons 1a
presented.

@ Fducation in Medical Computing: The atti-
tudes ¢f health profesalonals toward using
the computer for medical appllcations are
explored. The concept of a curriculum on
medical computing and a survey of existing or
proposed programs are presented.

@ HReference Systems: Computerized literature
searches {e.g., MEDLINE) and mcre advanced
medical ¥nowledge bases are deacribed.

The ae¢ction on admirn'strative applications
surveys the use of cowputers in hospitala znd phy~
aician offioes ror scheduling, accounting, analysis
of polloy-related isaues, and other related tasks.

CURRICULUM 1MPLEMENTATION

Currently we have implemented formal courase-
work that encompasses moat of the material outlined
above. This coursework began with only a alngle
one«~credit minigester course that coversd essen.
tially all of the material listed above at a fairly
superfiolal level., We have recently added a second
one-credit ainimester ocurae and divided the ma-
terial batween the two courses persitting it to be
presented in greater dopth. Although both courses
begin by’ fattilisrizing atudents with the easential
elements of interactive computing, they ara largely
cosplemsntary in what they cover. One course ad-
dreases genaral ccnaepts, scientifie and laboratory
applications, educational applications, and ad-
ministrative applications. The other courae con-
qentrates on clinlcal epplications. Both courses
are offered twioe a year and are taught in a ococor.
dipated faeshion. Students are permitted and en.
couraged to take both courses.,

Sinoe biomedical coaputing has not been gener-
ally recognized as part of the madical curriculum,
cur approsch has bean to gradually introduce thia
matarial into the msdical sohool profraM. Ve feel
that the develepsent and evolution of our pregram
has profited from an incremental isplementation.
The gradually inoreasing amount of ooursewory ap-
propriately psrallels the amount of computar use by

the medical community.

To wmaximize the atudent's experlence, we nave
adopted a teaching approach that uses several
different inatructional methoda. Much of the ma-
terial is presented as formal lectures that are
complemanted by related reading asslgnments from
the current literature. The use of lectures and
reading asaignaents allows us tu cover the wide
range of concepts outlined above in the brief time
avallable., However, to glve medical-=tudents a
nore intimate acqualntance with the impaot of the
computer on health care and medlcal reaearch, we
have supplemented the traditional teaching approach
ip three ways.

First, atudents are made cognizent of the di-
varaity of applications through tours to on-campus
facilities where dedfcated computers are in active
use (the sites are listed above under "An Overview
of Applications®). These visita effectively empha.
alze the preaent role of coaputers in the health
profesalons and contribute to atudent motivation to
learn sore about biomedical computing,

Tne sscond way we are supplementing classroom
teaching is through the development of a laboratory
for the demonstration of applications of computers
to apeciric reaseareh and to clinlcal and education-
al probleas that are not curruntly in day-tu-day
use at our hospital, EKG analyais {currently belng
implemented) i# especially suitable for demonstrat-
ing the sajor cosponents of laboratory oomputing:
data acquisition {snalog-digital signal process-
ing), feature extraction {R-wave recognition, QRST
classification, gover spectrus analysis), and
declalon-making ipresence or absence of mycocardial
infaretion). Several computer-alded deolaion-
saking systens are complete (e.g., diagnosis of
thyreld discrders and atroke; Predietlion of sutcome
following cardiac arrest) and are used to illus.
trate the current lavel of state-of-the-art gadical
decision subport systems. Feedback from medical
students and phyalclans is useful for gulding the
development of the exparimental aystess that are
being desonatrated,

The third aspect of our instructional approac
involves hands=on experience using the coaputer fa-
cilities at our unlveraity. In one of the sini.
mester couraess students are exPected to use the
Dooument Processing System to prepare a critique of
a ourrent Journal artisle of their cholce. The
students are alsc given projects invelving digital
aimulation, computer graphios, general probles
aolving, and using statistioal packages. In the
ather course that ocovers salnly clinical applioca-
tiona, students aré asked tc Jevelop two snall
cosputar-alded declslon~making systess using a fap-
11y of knowledge management languages depsigned for
use by computer-inexparienced fndividuale (15).
The systess supporting these languages provide a
ootiplete otaputer-aidad decision.making systes when
given a desoription of the probled to be solved and
tha ralsvant knowledge noeded te solve it. By ua-




ing the computer for these projects students are
able to learn directly about the capabilities amd
limitations of tha computar for asaisting them with
a wide range of tasks.

At the present time our elective minimestar
coursse are reaching about 5 = 10% of the freshmsn
and sophomore glasses, Students taking these
courses have a wide range-of ccaputing backgrounds,
varying from essentially no previous computer
science to an occasional atudent with an undergrad.
uate degree in a related field {e.g. blomedical
engineering). The variety of ihstructional ap-
proaches used has been fairly successafyl in saking
the material presented understandable to cosputer.
inexperienced atudents., At the sase time the broad
scope of the material has pravided a challenge to
even the moat advanced astudents, Student evalua.
ticna of tha coursea implemented so far have been
essentially positive; other faculty meabers and
univeraity administrators have begun to take an
interest in the progras,

DISCUSSION

Previoualy proposed or impiesented programs
for eduocation in medical cosputing fall primarily
into twe ocategories, First, and moat coswmon, are
those repreaenting complete curricula that conaiat
of interdisciplinary studies in sedicine and com-
puter science, These curricula are deaigned to
produce individuals who are spescialists in biomedi.
cal coaputing and thus typloally lead to graduate
degrees, Several examplea of such curricula have
beens desoribed (1, 6, 13, 19) and & recent review
of relavant prograas in the Federal Republic of
Cersany haa sddreased this iasue {10},

The second category of sducational prograss in
medioal oomputing include those conalsting of only
a single course designed to supplement the educe-
tion of health profeasionals (e.g., nurses, pharma-
clsts), For the most part, these courses have cov.
ered o very limited renge of toples (2, 5, 16).

The medical computing ourriculum thet we have
described ih thia report lies in between the two
diffarent cetegorlea cutlined above, On the one
band, it 1s designed to supplement the traditional
sducational eoxperience of medical students and oth-
er health professionals similiar to the single
couras prograns, On the other hand, it consiats of
more than a aingle course and covers a wider range
of topice., The depth to which theae topics are
covered ia gredunily incressing ea the available
oouraework inorsases,

In thia report we have sttempted to¢ descoribe
not only what the oontent of a medioal computing
curriculum should bae, but alss how it aight he
impleetinted within the constraints of the tradi.
tional sedieal achool axperience. In particular,
we have pressnted our belief ib the need for an
incrémentel implementation and an sriussnt for
auppleamting annventional lecture saterial swith
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handa=-on computer exPerience, visits to relevant
facilitliea, and the use of a demonstration
laboratory,

Qur pressnt plan is to continue the evolution
of our minigester elective prograns through addi.
tional courses and by instituting a wore foramal
evaluation of thelir success, The demonstration
laboratory needs further work; we need to develop |
and acquire additional software and hardware.
Leng=range goals include the establishaent of medi-
oa) student externships in advanced topics in medi-
cal cosputing, integration of at least scae form of
required instruction on biomedical computer appli=-
cations into the stundard sedical ourriculum, and
the oreation of a continuing medical sducation
course to reach practicing physicians.
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SYSTEMS THINKING IN EDUCATICH

For guite some time, the influence
of sclience on rRoclety and aeducation hus
bean primarily reductionist, seaking to
understand phenomena by detalled study
of smaller and smaller parts. Over~
emphasis in this direction has led to a
separation of alliaed wciences like physlces
and chemistzy. "Learning more and more
about less and less® {(0dum, p.9), as one
critic described reductionism, has tsken
place with almost the complete ahsence
of & movement in the oPposite direction
te integrate knowledga. Education tends
to follow the pattern of psrts within
parts. Krowledge 13 dividesd into dis~
ciplines, and disciplines sra further
divided inte subjects. The student is
seldom exposed fo matarials which seek to_
integrate the various disciplines and
subjacts.

Bducation sz wall as {he evoryday
world of social and economic analveis has
a pressing nead for synthesis and holism.
The systems spproach sasks to undsrstand
hew parts fit togathex to form a whole
that functicns for & common purposs. It
is in the world sround us that most
students will be making decisions for the
regst of their lives. Explicitly underw
standing the nature of thess systaxs
from a structural and s behavioral point
of view constitutes a moat relevant and
usaful educaticn.

THE APPROACH: SYSTEM DYRAMICS

System dynamics iw s mathod for under~
standing and manhaging complax scclsl systems.
It is bullt on trasditional mansgement (infor-
mation, experiencer snd judgment) snd feed-
back theory or cybernstice (principlas of

b
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structure and selection of information).
Mathemstical models of varying dsgrees of
couplexity are bullt to raflect the system
out of which & proklem grows. Computer
simulation iz used dacause hehavior implic~
it in the structure of complex systams 1s
too involved to ba solvad by direct math-
ematical methods. Model building and com=
puter simulation is tharefors an 1ntlgra1'\
part of the system dynamice problam-solving
approach.

system dynagmics starts from the praec-
tical world of observation and sxpariencs.
It doe¢ not begin with abatract theory nor
is it raptrictad to the limited informstion
availsble in numerical form. Inatead it
usas the descriptive krowledge of ths optr-
ating srena about structure, along with
available experience about decision meking,
Sush inputs are augmentad whers possible by
written descriptions theory, and numasricasl
data. Peoadback principles ars ured to
gelect and filter the information that givses
the structure snd numeri'cal values.

System dynamics was lsunched in 1361
when Profassor Jay W, Porrester of 4IT pub~
lished his book Industrisl Dynsmicv. Ad the
fiald of system dynamics broadened in its
spplications, it also brosdensd in its
student audisnca. Initislly taught as a
graduate leval course at MIT, it has sprsad
to ths undergraduate curriculum in weny
universities. 3In 1975, as a dissertation
project, Roberts introduced the basic oon-
capts to fifth and eixth grads students
{1978). The svidsnce that fifth snd sixth
grade students could understsnd snd spply
these basic concepte lasd to ths developmant
of the current secondary lavel curriculum
projsct baing fundad by the Office of
Educstion. The projsct is based st Lasley
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College Graduate School of Education,
Cambridge, Massachusetts, under the
direcition of Wancy Roberts.

A SECONDARY LEVEL CURRICULUM IN SYRTEM
DYNAMICS

The current curriculum develoPment
group is writing and pilot tésting a set
of 9ix saelf-teaching, introductory learning
packages, This material will make it possi=-
ble for a teacher in any discipline to
introduce model building and computer
simulation as & pioblem-sclving method,
The titles of the six learning
packages are:
I. BPasic concepts: Dynamic
Problems, Syatems and Models
. II, 8tructure of -Feedback Sysatems
I1I, Graphing and Analyzing the
Pehavior of Feedback Systems
IV. <Understanding pynamic Problems
¥, Introduction to Simulation
VI, Formulating and Analyzing
Simulation Models
An overview of the content of each
learning package, follows,

I. Bagic concepts: Dy¥namic Problems,
Systems, and Models

Embarking on a course of study in
gsystem dynamics, students need to unders
stand the basic concepts that underlie
the field. Three concepts are central;
the focus is on dynamic problems: the
intent is to consider the whole system
of interacting parts from which a problem
arisess and models are explicitly employed
to carry out the analyses. Each of these
concepts is explored briefly in learning
package I to provide a foundation for the
study of feedback syatems which follows.

A problem is dynamic if it changes
over time., Urban crime rates, for example,
rises the sconomy cycles:; as do pendulums
and psople’s fealings of depression and
elation: central city populations dscline,
and 80 do reserves of natural resourcas.

N systen ig¢ defined as a collaction
of parts operating together for a common
purpose: but the concept 1is somatimes
petter left undefined to be inferred from
examples., The notion should connote
complexity: but it should also suggest
a wholenaas of perapective and the fealing
that the whole is greater than the sum of
its parts,

A model is a rapresentation~~usually
a simplificetion-~of soms slice of reality.
Plictures, verbal descriptions, graphs, sats
of equations, and laws are models, Thinkn
ing can be characterized as the manipula-
tion of mental modelsa: the real system is
nsver in one's head, Such a concept may
saem too generalized to be useful, but

realizing the central role models play in
our thinking {éspecially in the sclentific
method) allows asking the proper guestion-
not whether to develop a model, but what
kind of model i® most helpful for a given
purpose,

System dynamics helps us to underw
stand problema arising in dynamic systems.
first by wmaking our pental models explicit,
gsecond by in:torporating into them feedback
relationships (learning packages II, III,
and IV of the curriculum), and third by
providing means for developing them into
unambiguous mathematical models {learning
packages V and VI) when the complexities
bacome too great for mental models to
handle,

II.Stucture of Feedback Systems

This part of the sequence intrcduces
a way of thinking holistically abovt
cause and effect, The principsal tool
employed to analyzZe a system is the causalw
lecop 4 .agram., cauge-andraffect relation=
ships are symbolized with arrows, forming
chaings of causal links, Loops result when
some or all of these chains return to
their starting points, 7These loops of
causal influences are called feedback
loopss they are the central focus and
foundation of system dynamics.

causal~loop diagrams are visual
models of feedback aystems. In this part
of the curriculum they are used in a gener~
ally descriptive way to summarize the com-
plex intsracticns in a varilety of stories,
problems, and systems with which the stu~
dent ip familiar. The following is one of
the storie3 from this learning package
followed by the possible causal-loop diae
grams that students might develosp.

THE OIL CRISiS
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One aspect of the oil crisis, as
axplained by an economist, was the atarting
of a vicious circle. This vicious circle
way begun by agreemeénts made by the Arab
olluproducing countries in 1971 called the
Taheran end Tripoll Agreements (named for
the cities in which the meetings were held).
Here thase countries agreed to raise the
price of ¢il. The rise in oil prices
meant that these countries mads more money,
They made so much more money that they
eould not possibly spend it all., Real=~
izing this, these countries decided not to
produce as much oll. Thay knaw that evena
tually thelr oll supplies would run cut so
they might as well make they last as long
ax possible.

Because there was less oll being
produced in the world and more oll was
needed every day, a scarcity daveloped.
This scarcity of oll forced the oll prices
to go up even higher, continuing the
vicious circle.

The following causal~loop diagram
explaingythe economist's vicious circle
theory.

,—-

0ol1 Produ ed Price of 01l

rofits
Flgure 1. The Vicious cirecle

In causal-loop dlagramming, as in
multiplicaticvn, two negative elements
cancel each other out, creating a positive
feedback effect.

The diagram below expands on the
infoxrmation given in this story and might
result from a class Adlascussion.

0l1l Left ol1 Price of QBsed by

In ixound Prpduced o1 conssners
- -
Profits

Figure 2. The 911 crisis

The principal skille the students will
develop in learning package II are the
abllity to represent the easentlal in-
fluences in a problem or system ag a
caussl-loop model and the habit of sesarchn
ing for feadback influences which close
causal lovps. If students complete this
Part of the curriculum but do not con~
tinue on in the Sequence, they will
have gainad a powerful tool for unders
standing complicated interactions.: but
they will havs only begun to understand
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the connection between feedback loops and
dynzmic behavior.

IXX. Graphing and Analyzing the Behavior

of Peedback Syatems

Dynamic behavicr of variables in
eystemns 1z the focus of this learning pack-~
age. The purpose 1a to understand how the
structure of feedback loops is responsible
for the behavior of variables in the system
over time. Graphs are introduced and used
intuitively, often without speclfying
nunerical scales. The shape of the graph
of a variable over time 18 the concern.

Behavioral characteristics of positive
feedback loops and negative faedback loops
are explored in simple situations and then
exploited to analyze more complex multiple-
loop structures. Positive loops are shown
to be responsible for uncontrolled behavior
such as exponential growth, while negative
loops are shown to produce goalw-seeking
behavior, though often with dlsturbing
fluctuations and cycles. S~shaped growth
in several apparently dlfferent systems is
shown to occur when a quantity is i;ifluenced
first by a Positive locop and then by & neg-~
ative loop; & shift from deminance by the
poaitive loop to dominance by the negative
loop produces behavior which looks initially
like unrastrained exponential growth but
then becopes goal-seeking. An important
principle will appaar as dAifferent aystems
are explored: saystems with the same feed-
back structure tend to behave the same over
time, in the sense that the shapes of thelr
graphs over time are essentlially the sanme.

The role of delays in goal-seeking
syateds is explored intuitively. Students
will become familiar with the principle
that delays can cause a varlable to osecil-
late around its goal.

The approach in this part of the
curriculum is e¢ssentially non-~quantitative.
ercept that some quantitative graphing will
be done to provide the tools required to
graph intuitively the behavior in causal-
loop diagrams.

Students completing learning package
III will have a foundation for the principle
that the bshaviox of a system is a conse~
quence of its feedback gtructure. They
will be ready .to try to apply their under~
standings to more complex aitustions.

IV¥. Understanding D¥namic Problems

nunber of recurring themes in real~
world problems are uncovered in this part
of tha sequence. Each thems is explorad
in the gsontext of several apparently aif-
ferant dynamic problems, making use of
causal-loop models and the properties of
faedback systems developed in Sections II
and IIXI. The structuxe of feedback loops
responsible f£.. the thematic behavior 1is
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exposed ip each system, provihing a GoANon
focus for understanding the diffexent
problems sharing that thems.

One of the themes explored here is
sometimes referred to as the counterintu-
itive behavior of complex gystams: well-
intentioned policies often tend not to
produce the behavior expected, occasion~
ally producing results opposite to those
intended. The phenomenon 1s traced
initially to the distinction between open~
loop and closed-loop thinking. The former
overlooka feedback in contrast to the
latter, which incorporates within the
boundary of the system all the eszential
feedback influences. Counterintuitive
behavior appears again asz the significance
of feedback structure is axplored; feed-~
back syastems tend to resist certain kinds
of change, unless the actual structure of
the system is affected. In feedback
systems the short~texrm effects of a
policy may be different from, even oppog
site to, its long-term affecta. The tendn
ency of complex systems to become depéndent
upon external controls is explored under
the theme of “shifting the burden to the
intervener®. The concept of tradecffs is
introduced. 1In complex systems, policles
rarely improve all aspects of the system
at once; usually a policy improves sonme
areas and is deleterious to others, re~
quiring policy-makers to take explicit
account of the tradeoffs.

The problems explored in this part
of the sequance range from peer prassure,
cranming for a test, and Mowing lawns; to
criminal justice, pollution, urban grovthn
stagnationedecay, drug-related crime, and
global population and food needa.

Learning package IV is the culminc
ation of the esaentially non~guantitative _
part of this introductory system dynamics
curriculum. It shows the Dowar of attemptn
ing to understand complex dynamic problems
by focusing on feedback loops, to illustrats
some themes which recur so frequently in
complex systems that they may be called
*“principles”, and to leave the students
with a balanced view of the power and 1limite
ations of their understandings at this
peint. BAs learring packages 1I, III and
IV have progressed, the need for knowing
the relative strengths of fesadback loops
in &8 aystem will have arisen at various
times, leading naturally (but not necesa
sarily) to the next part of thé sequence
in which methods are developed for making
the assunptione embodied in a causal-
loop diagram unambiguous by quantifying
them.

¥. Introduction to Simulation
Computer simulation in systes dynapics
becomts necessary when the implications of
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a structure of feedback loops are in

doubt, CGreater precision 1s required than
a causal-loop diagram can provide. Saction
¥ develops the skills needed to translate
simple causal-loop models into quantitative
models which a computer can trace through
time, simulating the behavior of the actual
syatem,

Two critical notionz form the r .:as:
the concepts of a8 level (or stock}) auna the
concept of a rate (or flow), Level var-
iables are pictured as ractangles; the
rate adjusts the flow of something into
the level with which it is associated,
just as a faucet adjusts the flow of water
into a tub, changing the water level.

Bl mpu-
*k pla;ion

Causal-Loop Dlagram as It Relates

Figure 3.

to_a Flow Diagram

This part of the curriculum returna
to the work of learning packages II and
II1, developing quantitative understanding
of positive and negative feedback loops
and the behavior of esimple systemg. Stu-
dents will expend thelir skills in under-
standing and interpreting graphs of var-~
iables over time. 1In addition, they will
develop abllities to write general level
equations and the elementary rate equations
for exponential growth and decay and sig-
moid (S-shaped) growth. Exerclses include
firat-hand calculatiny and graphing the
model variablea, then simulating the models
with the ald of a computer, Pamiliarity
with computers and programming 1s not re-
quireds the introduction to the simulation
language DYNAMO 13 gelf-contained. The
programming 18 presented as a means to an
endt making assumptions sufficiently pre-
cise and sultably coded that a computer
can trace out their implications over time.
Kaving hand-simulated the models first, the
studentsy will know what the computear 1lsa
doing.

At the close of learning package V
the students are ready to understand more
compleX sgimulation modela, they will have
begun to see the power of simulation, and
they will have solidified thelr understand-
ings of the behavior of feedback locps
covered intnitively in learning package II
and III.,

VI. Pormulating and Aunalyzing Simulation
Models
“Several of the problems addresaed in
learning package IV are reconsidered, gen-
srally in greater datall. For each,in
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turn, a quantitative model i3 developed in
DYNAMO, and explorations of the system are
carriad out by simulating gifferent con-
ditions in the fnodel. The central focus,
besides the significant problems tham-
aelves, 13 the undarstanding of complex
system behavior. Where in a given system
doas intervention have the most effect?

Why does the system behave as it does?

What policlaes actually improve the be-
havior of the system? Why doas one

PolicY have a desirable effect while others
which initially appear promising have little
halpful effect or may even prove to be
harmful?

Explorations of the behavior of a
systal ars carried out, and alternative
policles investigated by changing.numex-
ical relationships in the model, alter-
ing, or adding eguations. The computer
15 shown as an obedient servant tracing
out the implications of & modaler's
assumptions over time. Each simulation
model and each slmulation run appear
not as ends in themselvas, but as means
to understanding the dynamica of a cer-
tain problematic system. The goal is
understanding, and feedback modals halp
us te understand certain kinds of problems.

Learning package VI completes this
introduction to system dynamics. Stu-
dents continuing through all six sectlons
will have a new understanding of the causea
of dynamic problems and the beginnings of
a get of tools for analyzing and under-
standing them. They will have learnsad
to look at problems holistically and to
search for feedback loops responsible
for the beshavior of the system. ThaV
will understand the role of models in
approaching problems and what ls re- .
quired to develop such models. Tha stu-
dents will also,have an introduction to
the meaningful role computer models and
simulations can play in helping people
to cope with the complex dynamic problems
they face.

THE CURRENT CURRICULUM PROJECT

The projact is scheduled for comple~
ticn in August 1980, During the spring of
1980 1t will be pllot tested in six high
schools. Two ‘eaachers from each high
school will integrate the curriculum into
thely tourses. These teachers are from
the dlesciplines of computer sclance,
mathematics,; chamistry, physice, English,
history, snvironmental studies, -and blology.

The targeted audlence of secondary
students need not be the only ussrs of the
materials. The materials that were created
for fifth and sixth graders have bsen used
in high schools, univereities: and even
in the HIT Sloan Pellowe Executive Davalop=
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nent Program. The secondary level design
should also be appropriate for many under-
graduate wollege classes, as well as for
other possible learning settings. The
learning packages have been planned to
meet the following criteria:
1) Interdigciplinary and Unifying. The
materials will provide examples from a
number of subject areas: physics, econ-
omics:; blology, ecology, soclology, anthro-
polegy, soclal studles, and literature.
The generic similarity of sztructure and
behavior in these fields will be illus-
trated.
2} Relevant. The materials will deal with
significant world and national problems
as well as problems encountersed by students
in thelr cwn lives.
3) Handg-on AppProach. The set of laearning
packages will teach students the modeling
process through a serles of exerclises.
Initislly, the students will Aevelop on
their own a set of feedback dliagrams de-
rived from the verbal description of a
problem. Then theY will go on to guantify
the elements of the problem through graph-
ing: and finally write the sguations re-
presenting the structurs of the model.
The students will then hand simulate thelir
model and finally simulate the model with
the aid of a computer.
4) Supplementiny Rather Than Replacing
Existing Subjects. The curricular
materials are designed to supplement rather
than replacs current courses. For example,
the materiale will be used to demonstrate
integration in a mathematics couraa, popu-
lation growth in a blology course, factors
underlying social problams in a social
sclonce courase. '
5) Reiterstiva. Both the problems selected
for atudy and the skills taught will re-
appear in several learning packages. The
students therefore will study ths same
pProblem areas with increasingly more detalls
ot problem elaboration and increasingly
more sophleticated methods as they proceed
from causal-laop dlagramming through graph~-
ing, to sguation writing, hand-simulation,
and then computer-simulation. pach skill
that le teught will be recalled for usgse in
later exsrclees that focus ostensibly on
other skills development. Furthsr, the
student's gense of the similarity of under-
lying dynamic structures will alsoc be in-~
creased 43 problems from a variety of dis-
ciplines are studied from a system's per-
spectiva. The students will begin to
understand how identifying tha underlying
structure of a pProblem gives one a strong
sense of comprehending the problem.

The curriculum development group .
hopas to do extensive fleld testing over
the next few Years. Should anyone be in-
terested In field tasting the learning
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packages or wish more information on the
projec.; please contact either of the
authors.

1
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THE_COMPUTER SOFTWARE TECHNICIAN PROGRAM

AT PORTLAND COMMUNITY COLLEGE
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ABSTRACT
s paper fs a status report on a new voca-
tional program being offered at Portland Comunity

College entitied "Computer Software Technician.”
The curriculum was developed jointly by Portland
Community College and an advisnry board composed
of representatives from Tocal electronics manu-
facturing nfes such as Tektrenix, Intel, and
Electro-Scient{fic Industries and §s targeted at
software/hardware technictan positions tn the
0.E.M. enviromment.

INTRODUCTION
ortland Community College 1s a comprehensive

comuntty collo?e serving a11 of Washington County
and parts of Multnomah,Columbia, Clackamas, and
Yamhill countfes, a regfon of some 679,000 people.
Within the geographic boundary of the comwunity
college district are located several large manu-
facturers of electrenic equipment ~- Tektrontx.
Intel, E.S.1., and others.

Courses offered at Portland Community College
are organtzed and fntegrated into a broad variet,:
of programs ranging from associate degree, certif-
fcate career, and college transfer programs to
special intarest and enrfchment courses, appren-
ticsshig tratnings and high school completion,
The philosophy o Portlang Community College is
to offer learning opportunities to everyone ve-
gardless of 'ﬂrtor educational experiences, a

hilosophy which has earned the school the name
‘The Educatfonal Shopping Center,™ It s fn this
environment that the uter Software Technician
Program s growing.

PROGRAM %\'E!.Oﬁ!ﬁ
aentiTying the need for computer software

technictans began in Jate 1977. A survey ccn-
ducted within various groups at Tektronix showed
widely varytng skills those polled. For
example, Information Display Group's skill
set was much more computer oriented, greater than
40 percent software, as opposed to less than 20
percent for the Test and Measurement Grouwp. It
was 2150 noted that groups with mors software
engineers had fewer technicians. It became

eyident that the software equivalent of the hard-
ware technictan did not exist.

With the increase in the number of micro-
computer-based systems befn? wanufactured, shifts
in the skill sets required 1n the manufacturing
envirorment were projected to move toward fncreas-
ing emphasis on software skills. Translated into
future manpower uirenents, an addition of
several hundred software professionals was gro-
jected over the next five years. an fmpossible
task in the face of a critfcal sho'rta?e of tech-
nica) people. Using past experience in developing
electrenic technician programs at the two-year
level, the two.year concept for training software
technicfans began to grow among managers.

Development of the program began in March
1978 when Tektronix formally approached portland
Communfty College with the {dea of offering a two-
year associate degree program to train computer
software technicfans. An ad hot committee was
formed and fnstructors from the Electronic Engin-
eering Technology and Data Processing Departments
were assfigned to course development tasks.

PROGRAM GOAL

sting prograas in electronics and data
precessing/computer science emphasize efther hard-
warg-related or software-related topics. The goal
of the Computer Software Technictan Program is to
train a technicfan who has the skills to wrfte and
develop microcomputer applications software under
the g:idam:e of a software engineer and can bridge
the hardware/software gap by possessTng skills
that will enable hi/her to verify correct system
operation,

THE COMPUTER SOFTWARE CURRICULUM

propos putzer tware Technician
Program consists of 101 credit hours for the ass-
ociate of applied science degree. The first year
consists of peralie) sardware and sofiware course
sequences combine’ :th mathematics and communica-
tions courses. 2. uants develop basic preblem-
solving skills whia ouilding & foundation in
basic circuit theory and device operatfon. The
softwars and hardware areas merge fn the fourth
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tern as courses begfn to integrate both software
and hardware topics into a unified presentation.
Tha program concludas with courses and on-the-job
Tearning experiences, t0 create the ability to
functfon as part of a development team and lgarn
the art of project management.

TERM |
ST 2.211 Software Programming I
MTH 125 Computer Oriented Mathematfcs I
WR 2.301 g1stness Communications I
EL 6.%%7 Bastc Electric Circuits

TERM I
CST 2,221 Software Programming I

Computer Oriented Mathematics II
Business Communications II
Fundamentals of Semiconductors

TERM 111

2,231  Software Programuing
233 Intro. to Numerical Computatior.
WR 227 Technical Report Writing
EL 6.137 Digftal Logic Fundamentals !
TERM IV
EL 6.248 Introduction to Microprocessors
ST 2.241 Low Level Languages
P00 Basic Comuntcation
EL 6.247 Digttal Logic Fundamentals II
TERM ¥
CST 2.123  Language Processors
CST 2.136  1/0 & Data Communfication Prog.
PSY 1.546  Psychology & Human Relations
EL 6.257 Pertpheral Circuits
. TERM ¥1
CST 2.126 Project Managament
CST 2.132  Operating Systems
CST 2.141 Field Project
EL 6.267 Advanced Micro Systems
IMPLEMENTATION

Laboratory Faciifties:

Paratlel efforts to upgrade existing electron-
tcs Taboratory space used by the electronic engine-
ering technology program and to acquire the spec-
$altzed equipment neccssarg to implement the Com-
puter Software Technictan Program have produced a
well equipped set of laboratorfes to supgort both
programs. Our initial goal to equip each labora-
tory with fndustry-standard equipment has been
raaltzed. Specialized equipment for the Computer
Softwars Program purchased for laboratory use ine
cludes Togic analyzers, microcomputer trainerc, and
software development systems.

Equipment needed by laboratories:
fasfc Circuits Laboratory:

Dual=trace oscilloscope (35 MHz)
Digital voltmeter

lectu lab. Hrs.
_lﬁ =80e 8.

Cred. Hrs,
5

5
3 3
6 4 6
4 4 2
5 5
3 3
6 3 6
4 4 2
4 4 2
3 3
6 4 6
4 3 3
4 4 2
3 3
4 3 3
4 4 2
4 4 2
3 3
4 3 3
4 4 2
4 4 2
6 1 18
4 3 3

Basic Circuits Laboratory Continued:

Triple power supply
Function generator

Mvanced Circuits Laboratory:

Pual-trace oscilloscope (100 MHz)
Digital voltmeter

Triple power supply

Function generator

Digital counter

Digital Systems Laboratory:

Duaj-trace oscilloscope
Digitai voltmeter
Function gensrator
Triple power supply
Logic analyzers
Microcomputer tratners
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Computatfonal Systems Labontorg: areas fn which persons {nterested in computers,

Microcomputer systems capable of running computer prograsming, and electronfcs can enter.

BASIC and PASCAL Programs of this type have not been avaflable in
Microcomputer development systems the past. To fndustry, these terhnicians will

vide the analogue of the hardware-oriented
Cooperative Work Experience: R:ordware technician that has been missing.

A cooperative educatfon program has been

established with Yoca) companies, and ten CST cgmglsilgu
students are currently participating in the pro- need for computer software technician
gram, Each cooperative education student is re- grogmns will grow, and the Computer Software
quired to carry twelve credit hours of academic echnicfan Program at Portland Community College
work while working twenty hours per week. Close can serve as 2 mode) for ;mgrams at other
supervision 1s maintained between the cooperative colleges. It 1s the result of close industry-
education coordinator and managers of the coopera- college interaction and {s currently being eval-
tive education students. vated through a cooperative work program with
The response has been favorable among parti- Yoca) electronics companies.

cipating managerss student response has been
posttive although many have expressed the feeling
that the academic work load combined with work
asstgrments Bas been demanding.

Faculty Upgrading:

Program deve‘logmnt has reinforced the need
for a teaching feculty having a skil) mix that
spans the hardware/software boundary. To date,
faculty upgradin? has been accomplished by tech-
nical seminars, independent s » and interaction
with industry. Keeping pace with an ever changing

mclogy is a continual struggle. and fncorpor-
ating new teaching ideas fnto courses remafns
before our faculty.

Course Content Guides:

Course content guides are being reviewed
for content and updated. These course content
guides are avaflable upon request by writing to
the author.

INPACT ON mmg EDUCATION
processing and computer science Eﬂ-
jca-

grams to date have been very business app
tions orfented. Curricula are heavily weighted
toward prograseing Yanguages and applications
that do not fit the tredftional product develop-
mant cycle.

The Computer Software Progran ywag a totally
new prograe rather than a modification of an
axisting program. The elactronic angineering
technology anu data processing programs were
Yoft intact since they are currently serving a
weli-defined industry need. in this manner, &
curriculum was developed to mest a future need
fgi;‘%ccmcians with both software and hardware
skills. .

With the first gradyating class in June
1980, "software technictans capable of fitting
into systems development and manufacturing groups
will be entering the Job market. It has been
cvido:% from the fo:c{ls:c:dohu}nod :‘I::ouqh m-
gers of our coopera ucation students
the ski1l mix will be right for entry-leval
positions in software groups currsntly employ-
ing, these students.

Programs of this typs are opaning up new
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A COMPUTER SCIENCE MAJOR IN
A SMALL LIBERAL ARTS COLLEGE

Joerg Mayer
beapartment of Mathematical Sclences
Lebanon Valley College
Annville, PA 17003
(717) ¢£67-1055

This presentation examines the diffi-
culties, bhoth practical and philogophical,
which stand in the way of offering a com-
puter sclence degree at & small four-year
liberal arts college. Also, I will present
the compromise which was struck at our
college.

Until recently, computer sclence as an
undergraduate degree program was almost
entirely restricted to the larger uni-
versities. Such programs were expensive,
both in terms of teaching personnel and
equipment, and required an environment
which included an engineering school.
These conditions are easing somewhat, and
it 1s becoming increasingly difficult for
& small college to resist the incentives
to enter the comnuter sclience market.
Computer hardware 18 now within the means
of most inetitutions, and for those with
inadequate funding there are ties into &
commerclal! or educational time-sharing
network. Also, with declining overall
enrollments on the horizon and an at best
stable interest in most traditional sub-
jects, the continuing shortage of college-
trained computer personnel seems to offer
the chance to shore Up at least some of
the drain in the student population by
dffering a major in computer science.

Encouraging though the emerging con-
ditions may be, the argquments against
adding computer sclence to the program of
a liberal arts college are rather unset-
tling.

Desplte the efforts of many, there
remains & sizeable gap between the defend-
ers of liberal education as the attempt to
c:sture the essence of the complete man,
and the proponents of an introduction to
scisnce and technology as the only means
of preparing our youth for the technel
ical future. The present mixture of major
programs in most liberal arts institutions
reflects more an uneasy truce than the
result of mutual understanding. The

separation between the two cultures shows
no signs of dissolving, at least not in
education.

Computer sclence as an undergraduate
major brings this dichotomy in education
into sharp focus, perhaps because this
discipline is pradominantly machine &and
process oriented. The aim of computer
sclence ia not to seek truth or o under-
stand man and nature, and in that sense
it is anti-humanistic. Computer sclien~
tists are, as seen by the humanist,
esgentially non-reflective, meaning that
they do not concern themselves with the
ethical and moral implications of their
work. (Weizenbaum's book on that issue
is not widely known: and, in any case,
it does not seem to be very popular among
his colleagues.) Therefore, computer
sclence 18 considared by many to be anti-
thetical to the basic philosophy of
liberal education. “One only has to cb-
gserve the nearest computer freak to find
procf for the dehumanizing, indeed deper~-
sonalizing influence of that machine."
Computer sclence, as a relatively young
discipline--exuberant, irreverent, and in
some waye irresponsible and antagonistic
to deeply held cultursl values~-does not
easlly fit into the age=-worn guilt of
liberal education.

Even if the misgivings were somehow to
be overcome, however, the practical prob-
lems of offering computer science in a
small liberal arts college are post for-
bidding.

To begin with, financing the needed
technical expertise is beyond the capa-
bilities of most such institutiono. It
would be unwise, both politically and
financially., for the college to hire a
baginning Ph.b. in computer science for
$25,000 when tha average salary of the
assigtant professore in that college 1is
$14,000 ans that of full professors 1s
$22,000. Another manpower problem arlses
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from the ACM standards set in Curriculum
*78. There it 1s recommended that “ap-
proximately eix full-time equivalent
faculty members are necessary. ..." With
a student:faculty ratio of 14:1 this
translates into roughly 80 computer sci-
ence majors, a muwber not likely to be

reached in an institution of 1500 students,

which 18 the typical enrollment of a small
four-year college.

Another difficulty lies in the courses
which should be offered. According to
Curriculum *78, a minimal program in com=
puter szlence consists of twelve
courses in computer scilence and seven
courses 1n mathematics, making a total of
57 credit hours in the major. Rare is
the liberal arts institution that would
allow such a concentration of a student's
time in his or her major.

Finally, there is the need for hard-
ware and software. Again, Curriculum '78
established certain benchmarks. "It is
asgential that appropriate laboratory
facilities be made avallable that are
comparable to thosze in the physical . . .
disciplines . . .. The initial budgetary
support . . . may be substantial.” Also
mentioned are extensive software systems.
The whole sackage, even 1f conservatively
interpreted, presents a financial buzrden
that reaches well into &ix-digit numbers.

Realistically, then, it is impossible
for all but a handful of the best endowed
small )liberal arte colleges to find the
total budgetary support for the start of
a computer sclence major which approaches
the standards set by Curriculum *78. So
a student who wishes to major in computer
science must limit his cholice of a col-
lege to those with an enrollment of at
least 5000. It means that the smaller
college cannot enter the market of com-
puter science education. Finally, it
means that employers and graduate schools
of computer science cannct reach into that
rich pool of above-average, motivated,
and broadly educated graduates.

At Lebanon Valley College we wore drawn
into the computer sclence fileld more by
accident than by design. In the early
seventies when 1t became clear that the
major in actuarial scilence was very
attractive tO prospective students and
could be so designed as not to violate
the girecepts of liberal education too
severaly, the Dapartment of Mathematics
decided to expand ite offerings into the
applicable areas. The department grew
steadily, so that in 1978 there were 70
majors in a school whose totil enrollment
was 950. In 1975, enough computer science
courses had-been added to offer an inform-
al .copcentration in computer science. The

Computing Curricula 291

technical courses included programming
{advanced) , computer architecture and
assenbly language, data structures, and
an independent study. Of the 36 mathe-
matics graduates since 1977, six took
computer-oriented jobs, seven became
system analyst/programmers, and four
entered highly respected computer science
graduate departments.

Encouraged by these results, and
strongly persuvaded by the Admissions
Office, a major in computer scilence was
added to the programs of the Department
of Mathematical Sciences. I1ts structure
is as follows. All students in the De-
partment, regardless of their major, take
the same core curriculum which consists
of

Analysis 13 hours
Foundations of Mathematics 3 hours
Differential Equations 3 hours

Introduction to Computer Science 3 houra
Linear Algebra 3 hours

During the difficult sophomore year,
the students assesg both their capabili-
tieg and their strongest interest.
Accordingly, some will drop out of com-
puter science and others will shift into
it. For that major the remaining re-
quirements are:

Abstract Algebra 3 hours
Classical and Numerical Analysis 3 hours
Computer Organization & Assembler 3 hours
Data Structures 3 hours
Programming Languages & Compllers 3 hours
Intexrnship 3 hours

The internship muet be taken in some
commercial or industrial computer Opera-
tion, usually during the summer. The
languages taught during the last three
years are BASIC~-PLUS, PORTRAN, and
Asgembler {PDP11/40). We strongly en-
courage the mastery of one additional
language, such as RPG or COBOL. .

There are other reguirements, To give
the students some background in the hasic
components of cotpputer hardware, they
must take a year of physice and work in a
small computer science laboratory. Also
regquired are six hours in psycholegy, and
three hours in an ethics course designed
to deal with the ethical isgues inherent
in modern technology, and computers in
particular. Finally, having observed the
of ten abominable technocratese Of hand-
books and manuals, we reguire that the
computer science major take a three hour
writing workshog.

Thus, the major consists of 31 hours
in mathamatics, including the Curriculum
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‘78 courses MA 1, MA 2, MA 5, MA 3, CS 17,
CS 18, with MA 6 strongly encouraged;
-twalve hours in computer science, incled-
ing C8 2, CS 3, parts of 08 4, also CS 7,
and C8 8; 18 hours in what we consider re-
lated topics: and three hours internship.
The totals are 46 hours in technical
courgas and 18§ hours in supportive disci-
plines. .

These requirements are in contrast to
Curriculum '78, which sets a minimum tech-
nical requirement of 51 hours, of which 30
are in computer sciance.

The disadvantages of our approach are
at least the following. It makes us un-
comfortable to be in asuch disagreement
with Curriculum *78, and we would not be
prapared to adjust if the suggested pro-~
gram of Curriculum ‘78 were to develop
from recommendations to quasi-accredita-
tion requirements. Sacondly., the rather
narrow acope of the computer sclence
courses must result in a limited appreci-
ation of the broad sweep of that flield.
And finally. tho substantial and difficult
requirements in mathematics will most
likely lsad to a higher dropout rate than
we are accustomed to because many students
interested in computear gcience are mathe-
matically not very gifted.

The advantages are that we will be able
to increasa the enrollment %n our depart-
ment and that all the students in the
department are being exposed to the new
digcipline. For them, the main and over-
riding advantage is the flexibility which
thay anjoy during the f£irst threa years.
To ba abls to switch, without loss of
credit and required information, between
mathematics, actuarial sclence, computer
sclenca {(and probably operations research
in the near future) is valuable to the
mathematically gifted, who 414 not in
their high séhool.years have any indica-
tion of the many job and graduate school
opportunities for which they may be pre-
destinad. For me parsonally. the greatest
advantage of our approach is that it shows
our students, and not just in theory, the
great breadth of mathematics and the mutueal
dependence and influence of the various
disciplines we incorporate in our total
program.

Two conclusions appear to be claar.
Pirst, a small liberal arts college can
offer a computer science major only if it
dees not adhare too closely to the recom-
mendation of Curriculum *78. And second,
such & major has any chance of success
only if it is incoxrporated in the opar-
ations of an already existing department.
Its-deculty ‘nembaers must be willing to
work hard mastering most of the courses
in computsr science while they are still

teaching the normal twelve hour load.
The Computer Center personnel must be
sympathetic to the reality that the new
major will tie up the system more ©Often
than they are accustomed to. And the
administration must be willing to accept
the fact that one cannot start a tech-
nology-based major without improving the
existing hardware and hiring at least one
spacialist. It is well to remenmber that
more often than not, the necessary sup-
port will come at least two Years after
it i8 needed.

For those who may be contemplating
implementing n variation of our anproach,
let me close on a bright note. Within
thic first semester of the new major, four
students transferred into it from other
departments in the college, and two more
students transferred into it from other
schools because theyY wanted both computer
aclience and a small liberal arts insti-
tution.
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