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COMPUTER DIALOGS AT 1RV1N¥ - ONE MONTH'S ACTIVITY
..Aifred Bork .
Physics Computer Devilopment Project

Pniversity of California
. Irvine, Califagrnia 92717
I
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l
The Physics Computer Development Project at ‘
the University of California, lrvine, is involved

The work of the Physics Computer Development
Project, funded by the National Science Founda;

in the development and use of computer-based tion and the University of California, is almost

tcaching materials, primarily in the sciences,. entirely dependent on graphic capabilities, so

Several recent review papers about our activities graphic terminals are employed in most of the

have been published.l These papers typically activities reported in this discussion. We cur~
- consider the Project objectives, the types of rently hax@ about thirty Tektronix 4013 terminals

dialogs available, and the authoring procedures available Tor student use, about twenty-five on

for developing dialogs. the Sigma 7. Although some of the dialog activi-

ties can take place‘on nongraphic terminals, most
‘The present paper gives a different cross sec- require graphics.

tion on how tomputers are used in education at

Irvine by concentrating on a single month's ac- January Classes

tivify, January, '1976., 1t considers both dialog . ’ .

usage and dialog developmental work during that Most of the student-computer dialogs developed

period. Naturally any one manth will have pecu- n the Physics Computer Development Project have

liarities associated with it, but this mode of egn intended for beginning science classes.

presentation ‘may be of some interest ig viewing ich materials are heavdly used in a particular

an ongoing project that is developing computer- nth is dependent on which classes are being

based dialogs. Many other class uses, such as thught, and where those classes are in their
those involving student programming, are not coa- syllabi. yost of the use described took place in
sidered. N . + three classes. One was the Math 1 class, a pre-

} ) paration for beginning calculus. Students take,
Irvine.Computer Facilities . Math 1 only if they fail an entrance exam in the

¢ . calculus course. A second important class was
The University of Ciliforhga. lrvine, is one » the Physics 3B class, the second quarter of a

of the three new campyses of .the nine-campus ‘ thtee-quarter general physics survey taken pri-
University of Califogiia system, ‘established matily by biology majors, mostly premedical stu-
about ten years ago. Ralph Gerard, our first dents. The third course, Physics 5A, is the
dean of graduate studies, and Daniel G. Aldrich, first quarter of a five-quarter introductory
Jr., our Chancellor, becage convinced at that course primarily for science and engineering
time that computefs were to play an increasingly majors, also with a good sprinkling of biology
important role in the.learning process. Hence, students. In the Physics 3B course the computer
Irvine acquired more facilities for using com— plays 2 major role in the structure of the course.
puters with students, than is typical on univer- In jthe Physics 5A course computer activity is sim-
sity campuses. After some rough beginnings we . ply another learning mode among others available
finally arrived at a stable configuration of com= fog ust if the student desires.

-

puters about seven years ago. i
' It should not be implied that all the use of

The campus now operdtes three general purpose ' the computer at this time took place in just
computers in competition with cach other. The th#se classes. Considerable additional access
computers are a Sigma 7 (the one used in all %he copes from students not enrolled in ggi physics
activities to be reported in this paper), a classes employing the dialogs.. This nonclass use
PCP-10, and a PDP-11/43. All three are availaﬁle tgzds to spread much more throughout the entire
for all types of work, and the two larger sys- . rdfige of dialogs. (There are perhaps seventy
tems, the Sigma 7 and the PDP~10, support both dialogs for student use avajlable in all areas
batch and timesharing. The Sigma 7 has about at Irvine at the present time.) So this "free"
seventy physical ports and the PDP-10 has about uge of dialogs does not show up in the major dia-
thirty physical ports. Although we have no accur~ 1lbg usage to be reported here. . "

ate figures of the numbers of terminals on cam- N

pus, it is estimated that perhaps 175 terminals
are on campus, about 100 generally accessible
to students.

‘ 365
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January Usage + |

. ¢ .

Computer dialogs kéep in files accurate usage *»
figures, so we know just which dialogs are used,
by wholm, and how much. About Snce a month we
sort this tile; and the.following data were o¥-
tained from that sourcz.
Dialogs were used during January, 1976 for
approximately 120,000%terminal minutes. About
900 individuals, almost all students, were 1in-
volved 1in about 8,000 sepgrate sessions. These
*figures for January are typical of those in re-
cent modths during the current auademig year.

It shouid be indicated that there is not com=
pletely "free™ use at/Irvine, Th& three classes
ment foned share a group of sixpgen "ports." If
a student 1n one of /the classes tties to sign on
when all -ixteen ports are busy, he or she will
receive 4 message to that effect and will not be
able to gain access to the computer. The avail-
ability vt terminals in the busy times of day
might alsc be another limiting factor; there are
three concentrations of graphic terminals, one
between the computers themselves, one on the
. first fleor of the Physical Science building,.and

one on the gourth floor of the Physical Science
buiiding. and these terminals are heavily em-
ployed. Although Irvige provides more student
access to computing than many universities, com-
vuting 1s stiil a Valuable commodity, and we do
not have a completely free acceds .magket. It is
difficult to predict what usage would be without
constraints, but it would be considerably larger.

The following table shows the statistics for
the most widbly used dialogs at Irvine.

.

»

SELECTED DIALOG USAGE - JANUARY, 1976

Terninfl ., MNinutes’/ Minutes/
¥inutes Students Sexstons Student Seaston

CHRARGE 3,788 139 287 27 13 ;
“CHEM 4.736 D 430 182 .on
DIALOGS 11037 141 €93 s 2
rIEWD 31,622 258 1.266 123 28
GIFN 644 83 nz7 12 6
GRAPH 1,268 ¢3 167 29 s
NOCKEY 602 34 4 s 12
INTEGRAL 7,711 137 271 6 28

. LNA 1,217 4 108 2 1
MR $46 N 15 3 36
XOTION 1 549 3 125 27 13
NEIL 768 as m 16 ¢ i
Q21 18,950 249 639 7 30
Qz10 . 874 -+ 18, 4“4 4 20
Qz2 S.188 102 214 51 24
qz3 08 42 7 24 14
Qz7 4,380 84 238 .52 18 .
qzs 2,123 ss 137 39 28
Qz9 2,807 28 s 100 3s
RAYS 586 1 s 33 7

In the left-hand columns are the names of the
dialogs. The reader should remember that this

does not represent total dialog usage, but only

the dialogs used most heavily, more than 500 min-
utes of terminal time during the month, The head-
ing "Students” i{s slightly misleading. While

most of this is-*student® use, some developmental

use,; to. be describgd bglow: is also represented; 4
- "

) T N © dbet

-

)

.
aboutsabenty of the "students" were actually de-
velopers of the dialog material.

In the next few sections I will review pa}tiL-
wular dialugs, describing them and tellinnx little
bit about the class environment in.which they were
used. b

The Math Quizzes

*

As indicated above, Math U is a "remedial"
math class taken by students expected to have
difficulty with the calculus courses, It was a
large class, with approxflately 300 students in
the winter quarter. The class is taught in the AR
PSI or Keller plan strategy, with students moving

~—at their own individual paces through the units.
All the exams, needed to show success in each
unit, are .taken directly on~line to the computer.
These exams are picked out of a large pool ot
questions, so that Sstudents get a different exam
each time they take the quiz. The student at-
tempts the quiz as many times as is needed to
demonstrate that the material has been mastered.

On the char® the math quizzes start with vhe
letters "QZ." Thus about seven different quizzes
were used in January, 1nd1catin§ that the stu- l
dents were indeed dispersed in different parts of
the course, typical in a Keller plam course. The
quizzes have a bhuilt-in timing limit; the Student
is not allowed to spend more than one hour in tak-
ing a single quiz. You card see that they average . 3
about twenty-five minutes per quiz. Statistics
also indicate that for most of the quizzes stu-
dents typically take them about twice before

*sycceeding. *
The Math 1 quizzes were developed by John .
Grover and Stephen Franklin of the Math Depart-

ment at UCI. Comparisons of their use versus .
other imilarly versatile ways of teaching the
course indicate that this mode of teaching is
cost_effective.

'

FIELD . .
>

About one-quarter of the total use of Irvine
dialogs during the month of January came from a
single dialog, FIELD. The subject matter of
FIELD is electrostatics. It cdrries the student
from very simple beginning, considéring the di-
rection of the forces between ehhrged particles,
into the-sophisticated notions of the electric
field and fi#]d Iines, The student plays an ac-
tive role in the leatning process. FIELD ends
with a field-plotting facility in which students
sp‘tify arbitrary locations for charges, and then
ask for efther electric field lines or equipoten-
tial lines. The dialog ha® a tap at the begin-
ning, allowing students to jump into any particu-
lar section. They can return to this mdp at
some later time, and then move to a different
section of the-program.ﬂp '

» -

F '

The large use of FIELD represents the Physics !
3B course. The second quarter of that course is
concerned with electricity and magnetism, and '
stargs with electrostatics. FIELD was recom=
mended to students as a viabde alternate to 1
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\ $ PATTRACT? .
. GOOD . X )
UNLIKE CHARGES ATTRACT . )
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THREE POSITIVE CHARGES ARE ARRANGED IN AN )
EQUILATERAL TRIANGLE

A=TUICE THE CHARGE OF ‘B’

THE FORCE ON
N BY THE VECTOR

c

. DUE TO PARTICLE

DUE TO

‘B

-y

POINT TO THE CORRESPONDING FORCE VECTOR ON C

1S INDICATED

REMEMBER THAT ALL THE CHARGES ARE POSITIVE. .
SO ALL FORCES ARE REPULSIVE TRY AGAIN

DJRECTION HERE IS THE LINE
. ' THE TIP OF THE FORCE VECTOR 18
. POINT AGAIN
- 1T DOES LIE ON THE LINE THROUGH
. ' YOUR MAGNITUDE IS URONG POINT

Lo + AGAIN. YOU ARE NOT POINTING IN FME-RIONT

DN THIS LINE
3 AMD C. MUT *

T

O
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1T 2 T IMPORTANT HERE TO KNOW WHERE THE N
SHARGES ARE
K

LE™ S COVER THE AREA CONTAINING THE CHAROES

UE "UE CHANGED THE CHARGES UNDERNEATH

UE CAN CALCULATE THE FORCE ON OUR ‘TEST’
PARTICLE MO MATTER UHERE IT IS USE 'ru: POINTER
AGAIN  AND AGAIN TYPE ‘S’ TO TEARIMNA
PRESS RETURN TO CONTIMUE 8

‘ . 368
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i WITH OUR TEST CHARGE. WE CAN FIND THE FORCE ) )
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learning electrostatics, in addition to the lec- '.eléCtromagnetic theory. )
ture and taext material. Clearly many students ° -
emploved it In this fashion. Also several INTEGRAL too is driven from a map, and students
Phvsics 3B problems were structured around the E can use sections of it necgssary to meet indiv-
t field plotting capabilities in the last section idual need®. Viewing the usage of INTEGRAL and
of FIELD, to be sure that the studeat had exper-’ FIELD it can~be seen that only about half the
rence with the plotting of field lines; from students in the class used INTEGRAL while almost
this experience they can gain intuitive under- everyone used FIELD. ‘Furthermore, the ayerage
standing for electric fields due to discrete . time in INTEGRAL was only about half the éverage
. charges. * . time {n FIELD. ,
ke . FIELD was begun by a group of University of INTEGRAL wds developed by Bruce Rosenblum of t
California physics faculty members on several - the Untversity of California, Santa Cruz, in con- ‘
campuses in a workshop ‘sponsored by the Univer- ' nection with the workshop mentioned above.
sity to make physics faculty acquainted with the . !
Lk dialog matertals and design approach. Those in- DIALOGS .
’ volved included-Sun-yiu Fung (Riverside), Robert )
Eisberg (Santa Barbara), Peter Geissert (Davis), The statistics on DIALOG§ might appear puz-
Bruce Rosenblum (Santa Cruz), Alfred:Bork zling ugtil dne understands ‘what {s involved.
(Irvine), Richard Ballard (Irvine). Later addi- " Although it was used for almost 700 sessions in
tions to the dialog were made by-Alfred Bork and Janugry, more than anyfother dialog except FIELD,
Joseph Marasco of Irvine. The student programmer . . the average use of DIALOGS for a single sessfion
responsible for FIELD was Thomas Marrs. was only for two minutes. Thus, it is’employed .
. often, but briefly. v, S
INTEGRAL . . R -
. . DIALOGS is an information source, telling the
INTEGRAL was also a recommended dialog in the student which dialogs are available, and will
Physics 3B tourse, but for a different reason furnish a brief description of each one. Al-
- . than for FIELD. One of the problems in teaching though this same information is also available
) introductory electricity and magnetism, is that , 1in printed form, many. students will not have the
current textbooks tend to make mathematical de- printed form with them, and wild use DIALOGS to
~ -mands which go beyond those the student has seen find either the, program they want or as a method
{n mathematics courses. ‘Although Physics 3B, as . of browsing through other dialogs. The students
with similat courses elsewhere. assumes that the ., use it only briefly in Seeking information about
students have had caleulus, they will in-general , dialogs. . NN
not be tamiliar with the notions of line integral .
and surface integral needed for a full exposition . Other Comments on Student Dialog Usage
of electromagnetic theory; INTEGRAL attempts to . I .
provide this necessary mathematical background, Briefer comments can be made about Some of the
and eventually concludes with a discussion of other dialogs that played a.major role in classes
Gauss'’s law, one of the fundamental lawsvof . in January. CHARGE is an on-line problem dialog
. . . . .
' - 369 ' g
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where the student must query for information
about an electrostatic situation to, solve the

. problem.s It persuades students to think about ¥
what information is necessary:.to determine an

. answer as opposed to the usual textbook situation

where all necessary information is stated. It .

was written by Sun-Yiu Fung of the University of
California, Riversides

GLEM and NEIL are both lunar lander ptograms,
based on simple kinematics. GLEM {is.graphic,
while NEIL is not. Most of NEIL's use typigally
comes from nongraphic terminals.

- Although MOTION and LUNA do not show large
usage for the month of January, in a full year ®
statistic they generally énd up higher than
other Irvine dialogs. MOTION,was developed by "
Richard Ballard and Alfred Bork it is an
YF = ma" sipulation, allowing the Student great |
freedom id%the choice of initial conditions;
equation constants, scaling, force laws, and

variables to be plotted..

LUNA, a dialog prepared

by Arnold Arons of the University of Washington

and Alfred Bork,

is directed toward understanding

. the phases «f the mooy, using this as an example
: of a scientific model.

43RAPH is a different type from any we have

cpnsidered. It is a utility program, providing
graphic capability for students who do not neces-
sarily know much about’ ‘computing. Students can
type in the functions they want graphed< The
dialog provides control.of scalingand dther as-
pects of graphing. This program receives less
use now than it did at one time, because we now
have good graphic capabilities available in APL,
taught to almost all students in the beginning

" physics, courses.

HOCKEY also follows a different approach from
others shown¢ It was prepared by Robert Eisberg
of the University of California, Santa Barbara
and Peter Geissert of the Univérsity of- ,
California, Davis. It arrivesiat the notions of
mass and momentum and momenturh conservation,
through computer-simylated experiments of colli-
sions of pucks*on ap air table. Its use in

*January was primarily from Physics 5B students.

The use of MAGQ deserves some Special mention.
This program was used quite beavfly ifn February,
1976, where it was a class rassignment 1n the i
Physics+3B course. The students using it in
January were presumably those who were somewhat
ahead, making use of the.fact that computer dia- N
logs.are always available, to accomplish this work
before the scheduled period. Thus they offer a
flexibility not available for lectures and fox |
many other media. - . “

!

Finally two of the dialogs §{n the list repre-
sent primarily developmental work, ag opposed to
student access. These two dialogs, CHEM and RAYS,
will therefore be:discussed in the’ next dection.

’

Proyject Act&vitx in Januagm' vy - .
L3 )

The Physics Computer Dévelopnen: Project was

»als9 heavily involved:.in January in the, continuing .

maintenance and development of computef; ased
dialogs.

» . . . .

The largest amount .of developmental work, as
seen by its presence in the dialog 1liet above,
wen: into the eHEM dialeg. This 1q~the Tirst of .
the "new worlds” dialogs, an attemps to produce a
highly interactive form of dialog.where students
are Eree .to change thg context of the discussion 5
at any ‘time. The primary developer i¢ Richard

370
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Ballard. February statistics reflect very
heavily the initial use of this program with®the
introductory chemistry course.

RAYS was developed by William Parker at .
Irvine, and is an- introduction to the sybject.of |
geometrical optics. It expects to see its first
student use in the winter quarter. .

A&

Major implementation activities centered
around dialogs that have been déveluped with two
visitors in the' last part of December, Arnold
Arons and Richard Extermann. Arons and Alfred
Bork developed four dialogs over a two~week
pgriod, three dealing with magnetic fields, and M
one concerning the différence between tempera-
ture and heat. Joseph Marasco and Richard
Extermann developed a dialog concerping the
weight of a body on the earth's surface. In
dlalog development in our Project the teachers
work in < loose Ylowchart form, specifying the
pedagogical decisions in complete detail but’
doing none of the actual coding of the material.
Student programmers during January were involved
in implementing these dialogs. By the time of
the New York APS-AAPT meeting in early February
it was possible to demonstrate the tirst of the
magnetic field dialogs; the programmer was .
Martin Katz.

4

0thet dialogs were also under development in
this period. One, SLOPE, is intended for prob-
lem assistance. Another, SPACE, is an ambitious
attempt to provide a detailed ledrning resource
for relativity.

Only one entirely mew dialog was prepared by
the Project during the month of January. Thig
was the work of Alfred Bork, Joseph Marasco, and
John Herman. John Herman, a physics professor
at Western Michigan University, is spending the
winter quarter at lIrvine on sabbatical from his
own institution; his primary interest is con-
verting our dialogs to run on another system, a -
DEC System 10. He has also participated in the
Project in wther ways. The dialog that we wrote
is a problem assistance and testing dialog, a
typical electrostatic problem in the first week
of a beginning electricity and magnetism course.
This dialog 15 as yet unimplemented. :

Another major-activity within the Projeét was
the reGision of the course manajement database,

a part ot our process of restructuring the be-

ginning physics tourse. We had operational a °|
database of this ‘kind, to keep track of individ- -~
ualsstudent records, for the first quarter .
course, taught by a PSI strategy. The second’

quarter is being taught in a more conventtonal
pattern, and so it has been necessary to rework

the database. Access is provided,to the data for

both the instructor and for individual students.

'

Finally a major continuing activity of the
Project during recemt months NRas been the
development of an APL worksapce designed to aid
the process of creating graphic aspectgs of dia-
logs. The aim is to provide a facility which
would be usable by a graphic designer, in the
seénse of Industrial design, so that dialogs could *
have a more interesting visual appearance. The

. n

- s ’

work is primarily dde to ome of our student pro-
grammers, Mark Geisert. The programmer or de- ’
signer can construct graphic or alphanumeric
image#§, can move these around the screen by means

,of the built-in graphic pointer, can change the
shape of the objects, can rotate them, can tom— =

. bine simple objects into composite objects, and
can manipulate them in various ways. Control
‘over text includes the ability to right justify
and left justify, to center it, and to enter sub-
scripts and superscripts. The program will itself”
write the computer code necessary to generate the
graphic and alphanumeric images specified, and
this code can be merged with that generated
directly by programmers. This facility is proving
to be very useful in all our recent dialog de-
velopments, including those mentioned in the
present paper.

it should be stressed again that looking at any
one month will give certain biases. Thus, the
dialogs that received very heavy use were acci-
dents of the particular class activities. But
the general’"flavor" would be the same. '

The project is happy to send literature about
its activities and to welcome visitors.

. N .
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For.additional information-on the Math 1
ﬁﬁi; dialogs, write to Stephen Franklinm,
‘Mathematics Department, University of
California, ¥rvine, Ca%ifornia 92717.
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ABSTRACT: The Laboratory for Computer Based Instruction at the University of Arizona has operated 12

. -~
terminals connected to tne PLATO IV system for approximately a year. Thus we are consumers of a service .

d courses sa‘c the University .of Arizona are consuners of instr;uctibnal material delivered by PLATO.

.

We i}"xtend to report on a year of experience from the viewpoints of these two conspner groups. .
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DESIGNING CAI PACKAGES FOR COMPUTER SCIENCE

. Donna Hutcheson
[East Texas State University

Commerce, Texas 75428 - : !/
. .
' ' N “L N .
ABSTRACT. Computer Assisted Instruction {(CAI) 1s proc1a1med by many to be the cure for all educational '
i1ls. Even though that is not an accurate assumption, CAI is ap excellent tool to assist instructiop 1f

adequate application packages are available. Research has shown that one of the most neglected areas of J
concentration for application packages 1s computer science. MWhy? Generally persons proficient in computer )
science are not knowledgeable in the techniques for designing an effect1ve.1nstruct1onal package. To

-ERIC

design an effective package thé following steps shpuld be employed:
b o

measureable objectives, 3. HWrite Pre and-Post Tes

prepare additional audio-visual materials to accompany course, 6.

language, 7. Functionally debug the course, 8.

and matntain package.

Introduction

For the purpose of this paper, Computer
Assisted Instructien (CAI) will be defined as us-
ng the coﬁbuter as a tool for helping students
attain the objectives for a module of instructipn.
Research in CAP since the inception of the concept
has produced numeroys articles pgpclaiming the
excellence of CAI as an educatiofidl tool..s0ne .
would think that due to the nature of CAI; camputér .
science education would be the leader in CAI use.
Yet, research fonducted by Pati Smith of East .
Texas State University during the fall of 1975
shows that one of the most neglected areas of con-
centration for CAl application packages is computer
science. It has been stated by some educatiopal
experts that professional educators could not
write efficient CAl packages because they could
not program the, computer, and computer programmers
could not write effective packages because they ‘
were ynfamiliar with ei4her the course material or
with instructional strategies which could improve
the probabikity for student attdinment of objec-
tives. Computer science teachers are familiar ¢, 0N
with both instructional strategies and programming
techniques. So why is there not a multitude of
computer science courseware ava1lable7

1. Many teachers feel that they do not have
the hours of time @hat it. takes to
develop materials.:

2. Most materials that have been writteft are

. not documented, and thus are useless to
. anyone other than'the ‘author.

3. Mot all institutions use the $ame author

. lan?uage or the-same computer equippent,
-making exchange of*materials difficult.

4. There are no clear-gdt guidelines avail-
able for.writing and implementing CAI
packages.

'o .

v3?75

14

Select a topic, 2. Define L
Select- 1nsf?uct1onal strategy, 5. Identify and
Code course material in an author

Conduct peer group. tryout and revise, if necessary,
9. Conduct target population tryout and revise, if objectives were not met, and 10.

Periodically review
<

This paper addresses the last reason--guide-, S
lines for developing CAl packages in the ared of
computer science. The*following systematic approach
has been successfully used at East Texas State
University 1o train prospective computer science

teachers to write effective CAI courseware.
1. Select a topi "
2. Define measuﬁgableﬁﬁgJect1ves
3. HWrite pre and post: tests I
4. Select instructional strategy !
5. Identify and prepare addifional audio-
visual materials to accompany course
6. Code course material in an author *
. language »

7. Functionglly debug the course ’
8. Conduct peer group tryout and revise, if
necessary
9. Conduct target populat:on tryout and
revise, if obJectives were not met
10. ‘Per1od1ca11y rev1ew and maintain package.
~
. Steps 1-3 make up’ the design phase; 'steps 4-7, .
the 1mpJementat10n-phase and 8-10, the evalddtion - -
phasd. Many beginning authors plunge directly into
the implementation phase and try togwr1te an effec-
tive course without first considering the steps
involved 1n the désign phase. Experienced CAI
author/programmers generally agree that fiom 25 to .
40 percent of the total time required to produce '
an efficient CAI-module is spent:-on design. Thus, !
time spent on the first three steps listed above '
will save time and frustration in the long run.
Ty g
Seléet a Topic ' L \ S
The first step, selecting a topic, is more !
. difficult than first consideration indicates. Any
_teacher may be capable of designing and using .
-“instructional materials; but can the material<he
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dbe presented.
."not have an inherent sequence if they are pre-

well adapted to CAI, and is it worth learning?’
Before investing the hours of work that it takes:
to design an effertive ‘CAl module, be.sure that

" there is a need for the material as evidenced by

students, teacherg, and lack of similar mdterials.
Also, will the segment be used once it 15 written?

Novice author/programmers should beware of
using CAl to teach concepts which are tradition- *
ally borimgevenwhen-presented by the most
innovative teacher, such as history of computers.
In the past, most courseware for computer science
has concentrated on teaching students the syntax
and semantics of a particular programming language,
thus leaving the teacher free to concentrate on
the refinement. of programming techniques. As the
author/programmer gains experience, more challeng-
ing topics should be considered.

No mattgr which topic is cHosen, state e
scope of eaclh module or sub-module in precise terms,
including the sequence in which the tasks are to
Keep in mind that some tasks may

requisites to a future task, but not prerequisite
to each other (i.e. 1/0 devices or storage devices
as prerequisites to evaluation of computer systems).
Such tasks may. be presented so that the student
chooses the sequence of tasks to be completed.

Define Objectives s

T

Once the topic has been selected and the
scope defined, it is necessary to define measure-
able behavioral objectives. Authors who eliminate
this step in the design phase often are frustrated
later when asked "What exactly is a student
supposed to learn from this course?" and "How- do
you know that the course taught anything?" The
worth of CAI is particularly dependent upon well
defined objectives in the face of traditional
educators' criticism,

Write Pre and Post Jests ] ,

Now that the objectives have been identified,
writing pretests agg post teSts is a simple matter.
Many iaiir“CtOrS and curriculum designers eliminate
pretests if the content of the module is of an
introductory nature and no prerequisite or entry
level knowledge is necessary. However, if pre-
requisite knowledge is necessary for the student
to succeed 1n any given module, a pretest is man-
datory. If the student does not successfully pass
the pretest, provisions for remedial materials or
instfuctions as to what the student is to do next
should be provided. Comparing the Yesults of pre-
tests and post tests can make learning justifica-
tiog arguments much easier. If the answers to the
pretest questions are not given to the student at

. the time he makes a response, the same questions

tould be.used in the post test. If the same ques-
tions are used, the measurement of student
learning contribytable directly to the CAI module
is much easjer. Naturally, different questions
may be used®n the post test. However, be sure
that all questions are consistent with the
prevtously stated objectives.”

3?6

]

*Two primary levels can be identified:

Select Instructional Strategy

At this point it will be fecessary to deter-
mine the logic of the instructional strategy. The
development of an effective instructional strategy
requires 1magination and creativity. Three factors
shoyld be considered: ,

1. the level of interaction between student
and courseware to be utilized;
2., the teaching logic;
3. the decision algorithm to be used to
select each student's pdth through
. instruction,

The level of interaction plays an important
part in forming the student's reactijon to CAI.
free-form,
short-answer constructed responses, and objective-
type responses {i.e. yes-no, true-false, multjple
choice). At the present time most courseware
contains the objective-type, response format
because constructed responses are more difficult
to process. However, it is the opinion of this
author that computer science authors should strive
for construtted responses since it is only by
"doing" that a studgn;ltru]y learns.

The teaching logic is primarily dependent on
the level of interaction chosdn. The followin
teaching logistics in order of complexity are
available:, '

1. Drill and practice
2, Tutorial .
3. Problem solving .
4, Simulation
. 5. Inquiry
Tutorial logic is most appropriate for teaching
introductory concepts in computer science, but
requiring the student to apply learned concepts
implies the use of either problem solving or
simulation logic. It is suggested that the author/
programmer try to incorporate a combination of
two or three different methods in order to give
the student a variety of experience, thus promoting
a more complete understanding of the topic.

. The decision algorithm controls the sequence
of instruction. The algorithm used can range from
a simple Tinear plan to a complex pian involving
branching and numerous paths through instruction.
To take full advantage of CAl's capabilities, a
simple linear plan should be avofded. In the
complex plan, the particular path that an individ-
val student takes is dependent upon his perform--
ance on previous questions. Figure 1-41lustrates
a simple linear plan; Figure 2, a simple hrapnching.
plan; and Figure 3, a complex plan. HNote that the
sequencing plans presented in Figures 1-3 may be
used for both tutorial logical and problem solving
logic. There are infinite variations of strategies,
between the gsimple linear plan and the complex plan
presented. The particular strategy used should be
based upon the compiexity of the material being
presented and the personal teaching style of the
author/programmer. No matter which strategy is
devised, it should be flowcharted for easier .
reference when coding the course into a program-
ming language for the computer. )
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Identify and Prepare AV Materials

Often additional media are required to commu-"
nicate the instructional message to the student.
The author should examine the lesson‘flow to deter-
mine which learning activities will be used to
attain the objectives. Then the additional media
to be used with those learning activities must be
identified. /-

Additional materials could include:

1. Supplementary reading to avoid placing -
several %ﬁreens of text for the student
to read. " Too often authors use the
computer to simply present textual
material to students. This practice is
strongly discouraged. ,

2. Real objects Jike disk, tape core rings,
card decks, etc.

3. Audio tppes containing perhaps the
teacher's explanation of a difficult
concept. T

4, A f1lm, filmstrip, or videotape presenta-
tion of tutorial material.

However, keep in mind the following points when
sélecting additional media:
1. time required to deve]op audio- v1sual
materials;
2. compatibility of media selection with the
computer terminal in use;, -
3. appropriateness of the selected media to
the act1v1ty--Is it better than any other
media?

Due to the time involved in preparing additional !
materials, production of these materials should
begin at this point. .

Code Course Materjal

‘&

Now the author/progran%kr should be ready to -
write and code the course in an author language.
There are numerous author languages available for
coding .instructional materials using the computer
in an ioteractive.mode. Among these are Course-
writer 111, APL, Basic, Tutor, and Scholar. The
language used at East Texas State Unjversity is
IBM Coursewriter III. Coursewriter IJ1, an IBM
author 1anguage designed exclusively for CAI,
is easy ‘to learn and easy to use. Much of the
processing logic is inherent in the operation
codes (i.e. when the student answers a question °
correctly, control is automatically passed to the
next problem unless routed elsewhere by the pro-
grammer.) Also, partial answer processing capabil-
ities allow realistic interaction (eg. when two
words are required as a correct answer, if one
word is correct, the student can be told this fact
and asked to change the other word.). Rather than
expound upon the details of €oursewriter III, .
interested readers are advised to reference the IBM
C0ursewr$ter 111 Author's Guide.

Note that there is no perfect author language.
Each has virtues and faults. If you have not
selected an author Yanguage, some points to keep
in mind are: ,

1. 1Is it just a computer language or ijs it

’ designed: for use in CAI?

2. lIs it easy for both Students-and faculty
to learn and use?

3. Is it transportable? (i.e. Can it be used

on other computers?)

Is it supported by your computer vendor?

Have other educators used it?

What types of terminals are Supported by

the language?

U I
PR

)

No matter which author language is used to.

“code the material, avoid, the use of pat feedback — -

4o student responses; such as right, wrong,
correct, incorrect. These kinds of pat responses
to the student give CAI its, "dehumarhzing" reputa-
tion. Give hints, allow for unexpected answers,
and provide a way to proceed to the next question
othér than by giving a correct answer. In other
words, write a flexible program that will truly
individualize instruction.

Nothing that has been written.is perfect ‘the
first time. Much rewriting and recoding is
necessaty to develop a smoothly flowing program
of instruction. ;Always keep the student in mind.
Present the material in small, logical steps so
that the student can establish closure with
previously discussed points. The purpose and
importance of each point toward the final goal .
should be stated. Use numerous break points for
re-entry if the student signs off and review
poipts if the student demonstrates confusion, or
sk1p ahead if the student demonstrates camplete
mastery of a specific objective.

- Debug

Unfortunately, véry few computer. programs

* execute successfully the first time. Therefore,
time must be taken to debug the program; that is,
get all of the programming errors oyt so that it
will execyte successfully.- Unique to CAI programs.
is the need to search for misspelled words, °
sentence structure, and screen formatting errors,
if cathode ray tube terminals are,used. Often
the answer processihg statements do not function

-—as—originally anticipated. Thus, many trial
executions must be completed to find all of the
errors. Try all of the anticipated responses as
well as a few unanticipated responses to test

t

execution of all student paths through the program.

-

Peer Group Tryout

The evaluatiog phase is often overlooked by
awthor/programmers. They tend to feel that once
a program executes successfully with their test
data, it is complete. For CAI programs, author
testing is not sufficient. If the instructional
package is to have substantial.use by anyone other
than you, peer group tryout is essential. Ask two
or three fellow teachers in your department to
take the course as students and make suggestions
for improvement of the instruction or the answer
processing. Teacher peers are valuable critics.
Analyze their comments and if you feel that the
suggestions are valid, revise the module. If
additional coding is. 1nvo1ved then go back to
step 6--coding’ the revisions.
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+ preparing additighal modular units.

Target Population Tryout

After the package has the "seal of approval”
from teachers, it is time for the real test--
students. Test the program with a small group of
students having the characteristics of the target
population. For instance, if the module teaches
syntax of Fortran IV, test it with a section of
Introductory Fortran IV students. Even though the
program statements are syntactically correct,
students very often do not perform as expected.
Weak points in the instructional strategy or the
programming will probably be identified. If the
objectives of any module were not met, as indicated
by student performance, major revisions may be
necessary. If necessary, revise aand recode.

For a true evaluation of the instruction,
compare the competencies of those using CAI with
the competencies of a group of similar students

‘being taught the same material using other media.

Such an evaluation procedure was conducted at
East TeXxas.State University by the author of this
paper with resaect to learning Coursewriter 111.
It was found that students who received tutorial
CAI instruction Yearned the desired concepts as
well as those invaived in the traditional class-
room environment, but in less time.. An inter-
esting fact was dikcovered with a third group who
were exposed to both CAl and traditional instruc-
tion - this group out-performed the other two
single-method groups by an average of 20%.

Review and Maintain

Finally, the package has passed all tests.
Don't put it into production and then forget about
it! Periodically review the materialy-analyze the
comments made by the students concerning areag
difficult to understand; and apalyze students
unexpected wrong-answers.. You may.need to continu-
ally revise various parts of the program to allow
for individual student d}fferences and to keep ‘the
content consistent with;current advancements in
the area of computer tethnology.

Documentation

One final point, documentation is extremely
important not only to conserve time and effort on
the material being developed se that other
instructors may use it, but also as an’aid to
When no
documentation exists, the 1life of the package
is doomed to be short. A1l of the following should
be splaced together for documentation<

H

1. definition of the topic (scope and
sequenced tasks)

2. list pf student characteristics and pre-
skills (entry behaviors)

3. definition of specific objectives (in

. measureable terms)
4. flowchart of finstructional strategy ‘
5. audfo-visyal materials.

+

Conclusion

When one examines the large number of topics
which are recommended for inclusion in computer
science courses by curriculum committees, it is

38e

/,

-

€

obvious that the computer sc¢ience teacher heeds
all the help he or shecan get. This is
especially true with the néw trends emerging in
programming and design techniques. Thus, computer
assisted instruction may well enable the computer
seience teacher to offer a more complete ‘cotrse
if adequate application packages can be developed.
Arid they can, if master teachers will take the
time to follow each of the steps outlined. The
net result of such effort will be more precise,
yet comprehensive, instruction for the student.
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- THE COMPUTER -- A PERSONAL TOUCH -
Dennis H. Sorge ' Zr .o
' Purdue~University .
~ ° .
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ABSTRACT: For many years Purdue University has hand pfocessed a report of studehts .

doang unsatisfactory work. 1In 1969 the Calculus committee of the Department of Mathe-
matics wanted a.more effective system for reporting to academic advisors calculus stu-
dents doing unsatisfactory wqrk on homework, quizzes, or tests or having excessive
absence’, The calculus reports in 1969 and 1970 still made too 1little use of a computer
and too much use of clerical time. It was decided in 1971 that to be effective the
From Registrar supplied computer tapes
the initial data base was created: a system for updating records was started; pro-,
grammers began preparing software. With each new feature additional software and
16gistic problems had to be solved.. Beginning Fall, 1973 all 12,000 enrollments in
Computer Science, Mathematics, and Statistics were part of the data files. This pro-
gram for monitoring students' progress influenced the development of a many faceted
administrative computer systeém. Today the Division of Mathematical Sciences has a 95%
computerized reporting system, an enrollment update system, a teaching assignmept update
system and other support operations. In Fall 1975 the University Provost's officé
requested that all Freshmen in all courses at the university be included in this delin-

o
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quent student report system.

Successful results on a larger scale would suggest’ a passi-
ble’replacement for the university hand-prepared reporting system.
quendies were reported from a sample of over 40,000 enrollments.

About 5000 delin-
This close monitoring

and subsequent personal contact is a reality only becausé of a computer.

It is not at all unusual that a col-
lege‘or university eac¢h semester should
prepare a list of students who are
doing unsatisfactory work. This is cer-
tainly the case at Purdue University.
For many years this report of students
Boing unsatisfactory work, knawn as
Delinquent Students Report, or yellow
slips, has been a hand-processed report.

nstructors were asked to pick up, com-
plete and return the data gathering
forms. To complete this mid-semester
report of unsatisfactory work instruc-
tors were required to supply the stu-
dent's name, social\security nupber,
universityoidentiffgipio? number and
school of enrollment and sign the state-
ment that the student‘s.work was unsa-
tisfagtory. Many instructors felt that
it whs too much trouble. jany academic
advisors felt that it supplied insuffi-
aient information and that the report
arrived too latle to be effective.

The_decision to computerize
Partly because of these redction
the Calculus Committee of the Depart~
ment of Mathematics decideéd in 1969 to
develop a more effective system For

’

-
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reporting delinquent calculus students to
their academic advisors. The committee
did not know how the system was to be
made operationdl but they did know that
/it should report information about the
student's homework, quizzes, tests and
absence. It was also dec¢ided the report
should come out as soon as possible after

the first examination which was about the

fourth week of the sSemester.
. ¢

To create the reports in 1969 and
1970 instructors were asked to supply
the names of the students who had urned
in less than“*half of their homework, who
had scored less than half on quizzes,
and who had excessive absencé. The office
regponsible for producing the report,
known as the Calculus Office, already had
test restilts since it regularly maintained
records on. students' scores. Three cler-
ical people spent almost three' weeks col~
lecting and sorting data’ and préparing
reports that listed students alphabeti-~
cally within their school of enrollment. .
Unfortunately, this procedure only golved
one of the three problems associated with
vellow 8lipsw More information was repor-
ted but it was still cumbersome for the
instructors to supply and it still took
too long to generate.

¢
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To simplify the reportlng procedure
it’ was dec1ded that nstructors would be

. ents, the social -
security number£ and the school of
enrollment. Howeyer, to do this required
that the Calculus Office keypunch all the
classlists for the calculus courses and,
using a computer program, sort and print

- these lists. This succeeded in simpli-
fying the reporting proc somewhat for
instructors but it created an almost
impossible burden on the Calculus Office
sincq there are usually 4,000-5,000 cal-

. culug students at Purdue. ' !
Investigations into how to elimi-
nate the need to keypunch classlists led
‘to the discovery that the Registrar's
Office would supgly computer- tapes con-
taining the information needed. With
_this support it was decided in 1971 that
“to be ‘effective this system must be
' largely computerized.
-

”, -

Buildlng a aata bal%e

In1t1a1 contacts were® made with the
Reglstrar s Office to ascertain what
types of data tapes could be obtained

- from the®. "Tape formats and loading
problems were discussed. The, first stage
of developing this reporting system was
to write programs which/would create

. elassligts on which instructors could
record delinquencies and so that the
Calculus Office would not have to key-
punch this information as they had done
previousby. 1t '

1]

v

By the fall of 1972 we succeeded in
overcoming the problems resultlng fro
computer 1ncompat1b111t1es. Tapes wére

. created on IBM 370 equlpment, the €alcp-
lus Office was building, its files USlTiJ
Control Data 6600 hardware; tapes in
6000 character blocks had to be split to
avoid special tape drives; 800 bpi den- A
sity was reduced to 556 bpi to eliminate '
superious parity errors. Computer soft-
ware extracted names and social:security
numbers from one tape and course ahd
division of enrollafeht from another. Xt ,
+  then produced a punched card containing
) this information. Another program pro-
duced lists of student names and colimn
headings under which instructors. cquild
mark if students had turned in léss than
half their homework, scored less than ,
half on qulzzes or whether they had been
. absent excessiveély from class. en this
information was returned to the Calculus
Office the cards for those students
reported as delinquent were removed from
. the anitial decks and sorted by school of
enrollment and by course.

.

Thesé cards then were used to gener-,

«

. ate a report to counseling offices. This
report’ had a lead paragraph, the stu-
nA ’ )
- .38%
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dents® -names and social security numbers
listed by a program. But it was still
necessary 'to mark by hand areas in which
the students were reported as being delin-
quent. ' It was now easgier for instructors
to report delinquent students. However,

. the amount of paperwork £3r the -Calculus
- Office was still too great.

The difficulties with this system
had to be improved. There must be some
Way for instructors to report student
delinquencies that could be mechanically
processed. It should also be p0551b1e to-
produce lists for academic advisors with-
out requiring any hand work.

At this stage a critical agsessment
was necessary and major decisions had to”
be made. They were as follows: The - _ ~
entire system must be reassessed and in ’
fact completely rewritten and redeveloped.
The small patchwork FORTRAN programs
would be eliminated. COBOL programming
would be used because its self documen-
tary nature provides for easier transi-
tion from one programmer to the next and
because its file definition and manipula-
tion procedures were appropriate for the
system being developed. A 95% compu-
terized operation would be the goal. A
study of input media and available hard-
ware led to the decision that data would
be collected from instrugtors by using a
semi-mark sense computer «ard. The uni-
versity had facilities for sensing and
punching the marks into the card. Proce-
dures and equipment that would permit the
use of optical scan sheets were not avail-
able. Computer programs wduld create
initial data banks and from these data
banks the semi~mark sense cards would be
punched with the student's name and class
identification. Appropriate places would
be darkened for any delinquencies to be
reported. The cards were ordered and the
programming began.

As the system was developed and the
programming progressed it became obvious
that there were additional problems that
had to be solved. One of the items
repbrted on delinquent reports is the
student's test scores. Por some time the
Calculus Office had been collecting infor-
mation about test results. If this infor-
ma\son were in a form suitable for compu-

er] input, it could be fed into the data

n&s so that it would no longer be neces-
sary to ask instructors abbut test
results. Since there are always excep- -
tions to this, the option of reporting
test scores using the semi-mark sense
“card must be maintained. Also necessary
was the development of a system for grade
changes. It was important that if a stu-
dent dropped a course, he would not be
repdérted as delinquent. This brought up
the entire subject of a continuous up-
dating -of the data files. All dropping
and addlng of courses would have to be

.

.
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recorded and all changes within courses
would have to, be determined.

.

The system grows

In the spring of 1973 the first
nearly totally computer generated
report was produced. However,.many, of *
the problems already discussed had not
yet been solved. Record updating was
still not functioning. We had dealt .
with hardware incompatibilities, with
software problems and now we had to
handle administrative difficulties. .

The system would not be efficient !
unless all student enrollment changes
could be recorded and processed in one
location. Since distribution of mark
sense cards required information about
instructors the entire area of.computer-
ized record keeping on teaching assign-
ments began to develop.

The sprang 1973 report generated for
the calculus courses.was so well received
by academic advisors and instructors that
there were requests to include in the
reporting system colirses other than the
calculus ones. Because Oof administrative
responsibilities of peérsonnel involved in -
developing the system and because of the
nature of the growth of the system it
was decided that the data banks would
contain all students enrolled in any
course in Mathematics, Computer Sc1gnce
or Statistics at Purdue University. This
meant that up-to-date data tapes on
15,000 enrollments.would be maintained.
Durlng the fall semester 1973 two reports
were produced in the first eight weeks
of the semester. Approximately 6,000
students were being monitdred for this
report. Several hundred qf these were
reported as delinquencies. Getting this
far, however, had required nearly four

_years devoted to the development of

software and logistic patterns condu-
cive to effective operation. This alone
would perhaps not have made the program
succes&ful had it not been for adequate
administrative support. This support
encouraged instructors to maintain
accurate and up-to-date records of their
studénts' progress. With accurate
records it was now possible to reduce
instructor reporting time to not more
than ten seconds per delinquent student.
The Calculus Office had.reduced its non-
computer work to the distribution of
cards, the collection of cards, and the
mailing of the final reports.

The administrative system that had
developed out Qf this request for repor-
ting delinquent students was yet not
fullw developed. There were still logis-
tic rough spots. The problem of record '
updating had to become a smooth, routinge,
operation. Enrollment changes alone

{ i

+
number 3,000.
and printed in a checklist format.

[T

With these problems solved, the 1974-
75 academic year proved to be a very suc-

cessful reporting year. Instructbrs weré
routinely asked twice during the semester _
for information about their students. The
number of students involved had now grown
to approximdtely 7,000. Whereas in 1969
it had taken three clerical people nearly

three.wegeks to complete this report, the

clerical time now had been reduced to lit-
tle more than two hours for one person.

The reports were praised by academic
advisors across the campus. They £found
them very helpful because they contained
sufficient information and they came at a
time when changes in enrollment or )tudy
habits could still be brought.about.
Likewise irfstructors had no complaints
because reporting delinquent students was
now a very simple procédure. The deper-
sonalizing effect often attributed to the
computer had made it possible for instruc-
tors and advisors to, show and successful-
ly communicate a personal concern for
their students' academic success.

<

Research during thé' 1973-74 academic
year showed that the report was successful
in getting many students to improve the
quality of their work or in getting many
students to drop courses before receiving
a failing grade. The research also
showed that every student who received a
failing grade in ‘one of the courses for
which delinquent reports were produced
was notified at least once during the
semester that his work was unsatisfactory.

There were several significant side
effects resulting firom the development of
this reporting system. Once there were
as many as 700 students out of 15,000 who
were not attending the division of a
course in which they were enrolled and
never located in their specific class.?
With this system and record updating it
was possible within a year's time to
reduce that number to approximately 25.

Additionally, a data retrieval systgm was ,”

developed which took the initial tapes
supplied by the Registrar and produced °
many, many forms of assorted output.
Research that was once not possible
because of the inability to obtain the
data in a desired form now became routine.

University applications ¢

General university-wide dissatisfac-
tion with the 'yellow-slip! reporting
system Mentioned earlier caused the uni-
versity Provost's office to request that
the calculus Office, now called the Office
of Undergraduate Services, include in its
reporting system on a trial basis all
students who are freshmen at the

Procedures were established ’

—




university.

During the fall semester 1975 nearly
40,000 semi-mark sense computer cards
were produced and distributed to facul-
ty across the university. All freshmen
students in all courses were now subjects
for delinquency reports. Nearly 5,000
delinquencies were rep®rted via these
sémi-markx sense cards and at about the
seventh week of the fall semester a
report was generated and sent to aca-
demic advisors. *The problems that spre-
sented themselves during this extension
were distribution, collection and defi-
nition of terms -- hamework, quizzes,
test. None of the problems were computer-
related. '

The total system was not used in
this reporting, only that part of it
related to the reporting of delinquent
students. So, in some cases, students
who had dropped courses may have been”
reported as being delinquent., Neverthe-
less, this 8id not detract from the effec-
tiveness of this program., Many addi-
tional difficulties surfaced at this
time. Among these were that many instruc-

\ tors did not keep accurate and up-to-date

records; many students were not evaluated

until n&arly half-way through a semester; |

and even with this simplified reporting
system some instructors did not wish to
bother. Nevertheless, the success of the
program was far greater than its faults.

It was apparent thdt the logistics
involved in handling nearly 40,000 compu-
ter cards is a greater problem than it -
should be. But since the univ ity
Registrar's office decided thatniﬁey\?
would begin experimenting with .this sys<
tem and would use their new facilities
for optical scanning to gather data,
this problem would be solved. Semester
grade reporting, already an optical
scan procedure at Purdue, would serve
as an excellent media for the delinquent
student report. Format changes-seemed
to be the only nelessary variations.

Almost all of the computing problems
in.this system have been solved. The

o major concerns now involve administra-

ERIC
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tion and faculty. When additional
cooperatian and improvement in record
keeping and evaluation is brought about
the repérting systeém will show its great-
est potential., Successful ®xperimenta-
tion with selected classes and optical
scan reporting sheets will result in
university-wide- replacement of the an-
cient yellow slip hand-processed repor-
ting system. \

One factor that must always be con-
cerned in the development of any system
is the cost. The computerized system of
reporting delinquent students used for
monitoring and subsequently reporting all

‘

»

"~
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delinquent freshmen students during the
fall semester 1975 costs only about $300.
This cost included cards, computer time
and student help for distribution and col-
rection. Operational costs university-
wide should be in the $2,000-$3,000 range.
Developmental costs spent from 1969 to

the present were about $5,000.

This is a very small cost when com-
pared to the expense for students and the
university resulting from students unsuc-
cessfully completing a course. Most im-
portant of all, by using a machine to
store and rapidly analyze large quantities
of information, to temporarily remove the
human element, has permitted instructors,

advisors and.administrators to show more

concern, guidance and consideration for
students. In this area at a large uni-
versity the computer has contributed to a
personal touch. '

!\._4
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THE FUTURE OF COMPUTER ASSISTED INSTRUCTION: . .
A SUMMARY AND ANALYSIS.OF THE CARNEGIE COMMISSION REPORT - 4 <
. COMPUTERS AND THE LEARNING PROCESS IN HIGHER EDUCATION ‘ ' '
| ~
. C. Edward Streeter ’ *
. i Professor of Informatioy Sciences P .
5 I1linois State Vniversity . ‘
P i N
. ' oo . ‘
B - . o .
ABSTRACT: The purpose of this’ paper is to stimulate thinking and disciidsion about the misuse and ,
potential of computer assisted instruction. The central focus of the paper is an examination of .
existing and potential computer support to instructdion based on an analysis of the learning process.
A look is taken at the effectiveness of these uses in terms of possible equally effective but less
costly alternatives. . o L.
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fhis paper is n'summary and analysis of a
report |repared for the Carnegie Commission on
Higher Iduwition, Computers and the Learning R
Proceys 1a Higher Education by John Rockart and
Scott Murten of the Sloan School of Management,
Ma¥s schusctts Institute of Technology. B

Butire going into the report itself, let me
BEve vou wome background information that*will
he'v . u understand the biases from which this
Symoar nd analysis ts done. 1 spent my entire

public school (areer 1948-1964 in lowa as a math
teactier, - owh, principal, superintendent, cur-
ricalum and 1nstructor consultant. 1 was working
as curniculum-instructor consultant in Keokuk,
fowa, when offgred an RDEA Instructional Tech-
nolopy ftlluwshuv;u work on a doctorate at
Michigan State University. My reaction was, now

1 will learn what 1 am supposed to know in my work
4% an instructor copsultant. After three yeard of

ctudv ind eight vears.of trying to apply what 1
had lu.rncd 1 have come to one basic conclusion:
There 1s g lot wy do not know about how people.

learn and how, to instruce.

Mv interests lie in the utilization of all
tyvpes of instructional media, and particularly in
the development of models and schemes for selec-
tion and utilization of instructional media. My
present teaching/research interest is the appro-
priate use of various instructiohal media in
teaching a4 computer literacy course in two formats:
regular classroom and guided independent’ study.

As we get ingo the work of Rockard and Morton, you
will see mv interest in preparing this paper and °
looking fofward to interaeting with you about it:

Ro and Morton focus on computer supported
1nstruc:t2§‘;33mvutef‘Assisted Instrucgion (CAL) in
the broad sense) as opposed to computer managed
instrwvtion or instruction about computers. Their
real convern, however, appears to be the develop-
ment ot a model for the appropriate selection of
all types ‘of instructional media: a contept that'is
needed for all levels of teaching, not just higher
educat fon. .

Their report comprises ten chapters and 356
pages, including an appendix. The first part of
the book is introductory and background material.
Three important questions relating to effective
Al utilization are predented, followed by a dis-
cussion of the teaching and learning-theory, CAl
hardware and courseware, and some descriptions of
CAI projects. Except for the three questiohs,
thid background material will ‘not be covered in
this summary. . .

The three questions they suggest need answer-
ing hre.' (1) Can CAl be cost effective?, (2) In
what spedific wayq will the computer effect the .
learning process‘in higher&ducati’ and (3) How
should a.facylty member approach th®selection
of one ar more of these tvpes of CAl fdr a par-
ticubar rourse of study? s »

13
Chapter six is the "heart" of the report,
developnent o a plan to match techn@logy to
learning.” While Chapter «ix reports what the

*nuthors:thtnkought to be, the next chapter reports

on what is, using a 1994 survey of CAl in

Massachusetts higher education. Tﬂ@ latter part

of the book examines the environmental and 1in-

ternal counstraints affecting CAl aduption 10’

higher education, the author's conelusions, and

the appendix. . ) *

My summary and analysis deals mainly with the
development and application of Rockart and
Morton's system for selecting the most appro-
priate uses of (omputers in the learning process.
They start with the general learning model as
shown tn Figure 1.°
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Figure 1

In the initixl stage, acquisition, the
learner is exposed to basic data, skills, and
concepts. The second stage, inbedding, has the
student pracfce ahd/or ponder his newly acquired
knowledge or skjll. Durirng the integrating
stage, he assémilates the new information into
his existing fognitive structure of the world,
and the figal stage is testing his learning in
new situations: <oncrete’ or simulated.

The other element of the learning matrix,
shown in the left column of Figure 2, is a cate-
gorization of materials (Course content). These
four categories are described as follows:

’

1) Facts, incloding Jefinitions dnd other
basic informatjon relating to specific*

single items or ideas. 7

Skills, including both procedures and rules
and their applications. |

2)

3)
*  theories, hypotheses, postulateés or
assertions that are well enough established
to be of no interest to ‘the current re-
searcher in the field. "Concepts"
. "facts" as basic building blocks.

use

Frontier concepts, including not only
recent development but also long standing
issues which either have not been or can-
' not be Tesolved.

¢

"Established oncepts, as well as other i
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Figure 4 shows the average of the professgrs'
ratings: one (1) being most favorable, and ten
(10) being least favorable. The resultsjnos: ger~
mane to this audience are those listed under the
heading ‘computer, and this discussion is limited .
to that group. To summarize and analyze’the data,
we shall consider a score of three or less as
being positive for effective utilizagion, a score
of eight or more as negative, and four through *
seven as neutral. The results of this analytical®

—
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Figure 2

» The next major step in the development of

their scheme is a grouping of available learning

mechanisms described -in an earlier chapter; these
are as follows: '

Audio: lecture, case study, class discussion,
tapep radio. "

Visuals: visual aids, film, video tape,

. cable, TV.

Written: textbooks, programmed instruction,
study modules, written assignments.
tutorial, drill and practice, problem
solving, inquiry, simulation, games.

laboratory experience, real world ex-
perience.

Computer:

Sixteen attributes are then identified which
h of the above learning mechanisms contains to
spme degree. These attributes are categorized and
sbt forth in Figure 3. Both the categories and
the attributes are somewhat self-explanatory, and
time will not permit a detailed discussion here.

A cross-section of MIT faculty were asked to rank
each of the learning mechanisms in terms of the
degree each mechanism possesses tbe various attri-
butes. .

. A Content related

Ability to felescope tme
Ability to present structure
Provision of a nch environment

Ability to provide ili-structured matenial

WV oda W N e

Flexibility for adding new material quickly
upport for the learrers’ structured. clencal tasks
7 Support for unstructured data manipulation
B Userrelated— o _ 4
8 Degree of learnes co~rol
9 Ability to adjust to 1~diadual learner needs
10 Easc of use
C  Communmuations related '
11 Amount of sensory .=pac}
12,_Amount of emotiona’ impact
3" Degree of learner tee Zoack

14 Ability to access datc or concepts previotusly learned

D Econormice P

15 Low cbst perdataster or copcep! : -
16 Docentrahized availat ity

’ .

'Figu:e 3
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listed.

Under tutorial positive there are only ’

Z\\‘forma: are set forth below with neutral items not

two items: the degree of learner feedback and
decentralized availability. Under neg%tive, !
however, there were eight: ability to telescope

time, provision of rich environment, ability to

provide 1ll-structured material quickly, flexi-

bility for adding new maferial quickly, support

for the learner's structyred and clerical tasks,
support for unstructure%%ﬂata manipulation,

amount of sensory impac(;\and amount of ‘emotional
impact. \ -

Drill and practice found five positive items.
They were, ability to telescope time, support for
the learner's structured and clerical tasks,
degree of learner control, dggree of learner feed-
back, and decentralized availability. Under-
drill and practice negative there were also five y
items. These were,”.provisions for rich environ-
ment, flexibility for adding new material quickly,
ability to provide ill-structured material, amount
of sensory impact, .and amount of emotional impact.

As we moved into problem solving, there were
eight positive items: ability to telescope time,
support for the learner's structured and clerical
tasks, support for unstructured data manipulation
degree of learner control, ability to adjust to -
individual needs, degree of learner feedback,
ability to access data or concepts previougly
learned, decéntralized avgilability; while
problem solving found only five negative .
features: flexibility for adding ngw materials
quickly, ability to provide ill-structlr
material and clerical tasks, amount of sensory
impact, emotiQnal impact, low cost for data items
or content. -

There are six positive items under inguiry.

i:ere are provisio‘s for rich environment, .

111ty to provide il1-structured material,
degree of ‘learner control, ability to adjust to’
individual learner needs, ability to access
data or concepts previously learned, decen-s .
tralized availability. Under negative therevare .
six items--ability to telescope timg, ability to o
present structured materials, flexibility for
adding ,new materials quickly, support for un~
structured data manipulation, amount of emotional '
impact, low cost Yata items or concept. , Ag

As we-'move into the more sophisticated uses
of computers Buch as _simulation games, we find
many more positive aspects as compared to the i
negative. Under simulation, we have eleven
positive aspects. They are ability.to telescope

. Ttime, provisions for a rich environment, ability
to provide ill-structured material, support for
learner structured and clerical tasks, support
for unstructured data manipulation, degree of

L .
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Figute 4 . ) .
learner control, ability to adjust to individual * Emphasizing one mechanism is a mistake; we
learner needs, amount of sensory impact, ability should maintain a smorgasbord of learning )
. to access data or concepts previously learned, mechagisms. .
and decentralized avajlability. The negative "KW
features of simylation are limited to two: flexi- 2. On figure 5;<dreas I and V (cost effective-.
L bility for adding new material quickly and low ness and adaptability), traditional learning
cost for data item or concept. \ mechanisms (books, program texts, lectures,
- B . etc.) appear best suited and should not be
Under simulation, amount of emotional impact computerized except for remedia] learning.
. was neutral, while under games it is classified . ,
as a positive aspect. The reverse is true for 3. .In area-IlI (feedback), because of decréasing
learner feedback and ability to access concepts, _ computer costs We can expect computerized
previously learned. They are both three's in_ + practice to make major inroads on traditional
simulation, and dnder gémés théy are rated five. pencil and paper methods. K . .
Rockart and Morton Gsed the attribute data 4. 1In areas III and IV (learner control and,
to'mAp the mechanisms' agtributes on the learn~ assistance, realvworld emulation and data *
ing matrix. To carry out this mapping, the attri- recall and manipulation), most existing
butes were assigned into new categories with some . learning mechanisms are inadequatelznd we ¢an
attributes put in more than one of the new group- expect to see tremendous‘grovth in‘computer-~
ings. Figure 5 shows the author's opinion of how, ~ ized simulation, games, inquiry and problem
‘ these new categories cover certain areas of the ,’ solving. .
. flearning matrix. )
After defining what they thought professors
In Area I and 1I, the C-E and FDBK represent should be doing with computers, Rockart and
cost effectiveness and feedback. 1In Area III, Morton® surveyed Massachusetts higher education '
' L/CTL represents learner control and assistance, (1974) to see what was being done. This survey
and MANIP represents data control and manipula- elicited the conclusion that in general computer
tion. In Area IV, EMUL stands for real world pover for teaching with and about computers has
° manipulation, and in Area V, ADAPT stands fpr and will continue to grow. In addition, they
adaptation. B found that the growth pattern was ‘quite similar
. N . ‘ to their normative model with most efforts in
The next step was to look at the attribute areas IT and 111, and the use of simulation,
ratings of each learning mechanism and draw some ganing, and inquiry less common.
conclusions. . .
. . After examining the environmehtal conditions N
. The {nvestigators' analysis of the data from affecting higher dducation (attitude of soctety,
the napping 48 as follows:” . economic conditions, funding agencies, student
population, competition for students, 'and student
' 330 <, ]
*
| |
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Figure 5

attitudes), they concluded society will (but not
to the degree of the past decade) continue-to
support higher education, student populat ions
will grow, competitive outside forces in economics
%11l mave us toward more uges of technology, and

a more/sophisticated student body will be more
receptive to the use of instructional technology.

.
4 )

The analysis”of the internal constraints was
not as positive. While the ,administratprs atei-
tude may be favorable, the faculties attitudes
will not have the same ppsitive impact. The
avejag faculty member will see many more reasons
not ‘to¥work towards the introduction of instruc-
tional "technology than positive factors.

The overall conclusions of, the Rockart,
Morton report are, first, the change and improve-
pent of inatructional technology will have a
potential.impact on the way we conduct outselves
in high education.

The three major' influences appear
to be computers (reduction of cost,
minis and networks), television
(voice interaction with.remote
" audience) and libraries in their
nonpaper form. :
Second, before putting more money and effort
into the utilization of technology, we need to

better underavand where and why to apply it. To
underscore this statement, they set forth the .
following specifics: R -

L]
We need a robust model of the learning
proceaa.
We need s, 'smorgasbord™ of learning )
nechanisns,

Programmed fnatructional type CAI haa had
too much emphasis.

The opportunities for computera in
high education lie in the ''enrichment

activities.”
. 3]1

o
()

* queations.

In most cases we will be adding new
learning mechanisms, not replacing
traditional ones.

One case where replacement can and
should take place is compltertzed ’ ".

drill and practice replacing tra- . -

. ditional homework and for written i
assignments. . L
And,

finally, the pace of implementation of
CAI will be slow because .

the favorable forces dre not nearly
as powerful as the negative.

-iIn doing my analysis of .thiis report, it seems
appropriate to start with the thre® questions
posed by the investigators and the answeérs they~
provided. At the time the questions were set
forth, they indicated that only to the first one-- -
Can CAI be cost effective?--was there an unambig- .
uous answer. They felt CAI could be cost
effective in aome cases, and later conclude that .
drill and practice and simulatidn are cost effec-
tive but tutorial‘is not except in unique situa-

‘tions such as reuedial learning.

In trying to answer the other ¢wo questions--
In what waya will computerg-affect higher educa-
tion, and, How should a faculty member approach
selection of CAI? they certainly made a major
contribution toward an answer qi:h their scheme
for placement of learning mechahisms in various
atages of the learning process. But as we all
know, there are no simple solutions to complex
.They did take a major step toward
providing us with toola and background to “a
develop plans for selection and utjlization of
computer aasisted inatruction but, at least in my
julgment, they may not be totally correct.
Rather than deal with whether or not they prOVided
definitive answera to theae rather global -
queatiéns, I prefer to analyze their apecific

overall concluaions, . .
1

'

Let me start with thoae specific points that .
I agree with almost in total: technolog§ will ,

-




[ W q ,
Lt

|
- ) : . ."
\Lontinue to have an Impact on instruction in A ’
nigher education, the adaptation pace will be ¢ v .
»lowe because of resistance at the faculty
level, we need some theoretical models o1
learning upon which to base our adaptation ¥ . \
we will never have a single or even ;ygf’;*?}u PR <
learning mechanisas. o .
4

I agree about 75X that the best oppor-
—_——~ tunities lie in the enrichment categories, that
o1l drill and practice can conceivably replace
traditional written homework assignments, and B
L. programred instruction approach to CAI has
secad its day.

“v basic disagreements lie in two avreas, .
and poth require some crystal ball gazing. One,
i do not see large computer networks such as
proposed by the PLATO and others as being likely
tv have long range success but necessary inter-
tediate steps. It appears to ne, that the develop- -
~ents of 1n?b111gent terminals, micro processors, . *
ind video disc storage are going to provide us
’ with very sophisticated self-contained individual
tvaching stations that will avoid th2 reliability
and storage problens of a centralfeed network.

My second and more serious disagreement is
w1th the learning model and matrix proposed.
Although 1 concede if is better and fore operg-
tional than anything else 1 have come across.
The problen may be in what we are trying to
acconplish in higher edcation. Are we imposing
rural school educational goals and procedures on
students living in a highly sophistitated com- p N
nunication and information processing society”
So {ar, our utilization of TV and computers in
instruction have been to put old wine in new
bottles. I do not know the answér, but maybe we
need an educational "think tank.” Just as the -
military has changed its goals and procedures in
fighting a war, maybe %some” of the things we have
held sacred in education can be bypassed, or at
least learned 'in a much different way. \ N )

For the interim ' in which you and I will
have to operate on a day-to-day basis, I plan
to operate trom a nodel and matrix similar to M
what Rockart and Morton propose, and try to use
a problenm solving approach to tne selection of ¢
learning mechanisms rather than become a pro- .
ponent of a %ingle technology. . .

- .
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‘ N USING APL FOR DRELL & PRACTICE AND CAI : '
Richard F. Conklin

! IBM Corporation
255 Alhambra Circle
Coral Gables, FL 33134

- .

ABSTRACT: The APL language 1s well-known for its problem-solving power in many applications, particu-
larly education. It offers the student a "math laboratory"”, in which to experimentally define and check
out various computer functions. Additionally, it provides the teacher with a tool for tailoring special

SRR drill & pracfice and computer-aided instruction routines to reinforce and test material covered in class.
R ‘ This paper describes a few of these techniques.
At the time this papeL was submitted for consid- On line number 4 the student response is compared "
eratitn, I had developed several APL "CAI" func- with the true sum of X .and Y and if not equal (#)
§$ tions on an IBM System/370 time-sharing system a branch is executed to the line labelled WRONG.
. (APL/CMS running under VM/370). Shortly after- This is the general form for a conditional branch
. wards, 1 joined IBM's 5100 Portable Computer APL:
marketing force and was pleased to discover that
- all of the routines could be easily:"dumped" on . -+ (condition) / LABEL ‘
the 5100 and run with no modification. (There :
was one . . . I replaced the word '"percent' with Trying the function, we dgiscover that the only way
"yP  a special character not previously part of out is a branch out () in lieu of an answer.
the APL keyboard.) I feel that the combination ° 1t "o
.of APL and a full-function desk top computer . . oo ~
y#1d a "teaching machine" with endless possibil- - n ' .
ities. . b
: . PYCHT
1030
* n
-~ A 11."
: 1oV AGATY
X o
. "
¢ ~e
- . LEER R R
/
Vi
v n

¥

Recent enhancements in the language offer more
possibilities for CAI. Student responses can be
accepted as character input, and analyzed for typos,
special commands or formats before converting the
string to numeric for-grading. :

IBM's Portable Computer

A few simple APL techniques are essential to

writing .CAI-type functions. In this example,

the built-in random number generator is used to

produce two numbers, X and Y, whith the student

ig asked to add. The following function allows.any APL eXpression

. - s to be used as a model for a drill & practice

session. Each constant in the model equation be-

A comes an upper limit for a randomly-generated

S number. The word END is used to break the loop, |
A et and a score is printed. Some examples follow, and
e . - the listing of the function smay be found at the ]
t UEA R A end of this paper.
PN oo S
Al 2 Yl"lpl . -
. o e TP SanIN
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' [
", Ca1 o gne g ’ ¢ Still another technique for creating CAI drills
) Yoo arap, tenr RO involves "packaged" APL functions which require
WL b no prograsming knowledge of the teacher. One,
" . . called ENTER, asks for each of four key elements:
E by e s the question, the correct answer, a correct
. . answer message, and a hint (wrong answer message).
p TPy Tl e HTEP N ‘
vl o WHAT CIATF 16 PHAPNTY TH?
YA - '] AP1/7ONA *
LRt honT Pt e VEPY (OO
eyt el . HIST 71 REGING WITH “A°
) Taoarae Ty PN .
* Je [P MH(\TQH()HI. ARL U N7 !
" . . 0 AUAMS ) .
[ A T pLon [ YCELLENT,
oyt . [INT KHG WAS OBP 0NN PRPGTI e
«®y Tt
oo, Anan ;Y .
Vit -, The APL variable, AEDS, 1s used to store the drill.
) Vo ' . Any number of questions and answers can be entered,
o Conp et and a null (blank) line termjnates the function.
‘e P, ctaareg ,
reora 1 A 1 Before the first student takes the drill, the
Jrret . teacher may choose to reset the scorekeeping
e et ‘ function. SETUP AEDS does this. . -
ey LD M
R SrTYP A 1S )
il * NRTLL ARG ’ -
e,y AGETH ! MUAT TS YOUP NAME®  SUSIT ShART )
Wt DR WHAT STAJI 14 PHAENIX IN? AP "ONA
foarit Wey coon -
ceapr e oo WHAY HOTEL ARD M- TN ADGMS HOTE
‘ ‘ FOrLLTNT,
. ) THaHK YOr, Suctt THAT S ALL (OP NOW,
- h ’ TRTLL ARTS
The format for performing a conditional branch VUAT 16 YDHP NAMIT? TIFNNY JHEM Y
in APL can be a bit cumbers9me when used repeat- n WITST ATATE 16 PHAENIY 1> Ihaln»
edly in a CAI or drill & practice routine. A T RFGING W1 ' ALSTAMA
better way 1s, to write a small "one~liner” func- YOE FARRFET AMOMER 19 ARIZOMA
tion which compareg a student response with a . A UNAT 10T I.. APT WE 1H%
canned answer. Called CHECK, it can be used S OMT QN. TRY OfME THINGE  HOLIIAY  [N® *
whenever student responses need to he evaluated. WHN WA AUR OMT PREGTIENT?  10US AIAH.
Shown bglow, it 18 used within function CAI3: b TLENT
‘ TRRARE (b UE NNY THNAT S ALl TP NaW )
R O R ONT R E PO LI o NCNAT o K
f 1y a NETY] . « v §
I Finally, when the last student has taken the drill,
N CrAL = TE ' the teacher displays the class statistics, using .
Y s - o, function SCORES:
wor “\‘ £ o .
b1 SN NAG HHPTER TN GRANT 0 TOME?®
PR SOEH(E GRANT epiauy SCORLS
. [ COPT L WRONG N RS < . TOAHESTIONS. 2 STURITS
ol v . ' fLASS AVITRARE &2 . 5%
POl RTLHY TNTRY LUnint - . R , .
- v STHUENT SUSTE SMART '
AT : BUFSTION A, * 1 2 .
WHO AT HUPTLD TN GRANT 5 TOMR? @ ’ POTNTS (D-MAX) D o i
RO R : . . . AVERAGE 100% ' \
CAPTY WPONG ANSWEP .
W Wah TIPIED IM GPANT G TOMRE? STUDINT UFNNY  DUMMY
[ A . ' . GHESTINON NO, 10
- Vi P nant! POTNTS (2=MAXY 0 1t
; , B AVE PAGE o
. v )
<
. . / '
. .
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" OF THE USER....BY THE USLCR.. .FOR THE USER

, L3 .

‘ . Robert L. DeMichiell - . *
. Frank Greenwood .

United States Coast Guard Academy

ABSTRACT There may have been several unspectacular successes associated with adminis-
trative data processing. But-.for every journalistic expose of good news, there are

' multiple exposés of bad news The purpose of this article is to show.that the applica-
tion of the common techniques of users groups and liaison personnel can produce some
tangible benefits, even for the environment' with rather unique needs. User involvement ,
was sought and acquired as an information system was developed and implemented with
limited personnel, equipment and time. -

The literature abounds with computer-assisted information systems designed for the

user community. Many of these systems are preceded by expressions of anticipation, such
as - .

|

1 sure hope that:computer group doesn't try to help me do my job - everything
they've touched so far, they've messed up

.
.

.1 don't like to read computer print-outs--especially the fifth carbon coo7.
Especially when they're always late. *

.

How do'I,resist.the movement to automate? 1've heard it costs monge and .
employs more people. More people, more problems. ‘ﬁ )
4

s
I wonder what the boss thinks about information systems.
= t

Computers have had a bad press, and one reason is-that many projects toncerned with tie
development of computer-based information systems have failed Some have beefi' abandoned
with incurred multi-million dollar costs, few benefits and a very hesitant and cautious
future clientele. The reasons usually can be traced to one or more factors: the user
does not know what he needs. the computer technician dogs not know what the user needs.
the communication gap between the two is a wide one, and, perhaps, neither reasonable-®
expectations (costs, time lag) nor responsibilities on the part of both user and tech-
nician were clarified at tRe outset. v . ~ -

There have been unspectacular successes. Most of these have remiined, as most good
news does, in the background. Some computer industries and service bureaus still make
money and still,obligate a large share of their resources to research. Some users have
chosen the right tool for use by the right people in all the right ways. Certainly,
some historical knowledge about the successes and failures should shed light on the R
decisions of today and tomorrow.

User Involvement: Required ‘.

The purpose of this paper is to present an example of a system of the user, by the
user and for the user. The pitfalls previously mentioned were heeded and some positive
actions were take%/zo involve the administrative user, or manager, at an early stage of

development of hig/ information system (perhaps even computer-based). The dichotomy of
the computing cenfer's information system and the users of that system was avdided. .
v The posture was one of establishing realistic goals with progress repor'ts instead
of expected completion dates, of promoting team effort for institutional objectives
rather than parochial interests, of organizing for.institytional benefits rather than
departmental empires, and of recognizing that people make systems work, not machines.
People can make clerical systems work where automated systems ‘fait. Even if the auto-

‘ mated system is more appropriate. . .
| -But is this so unique? What conditions exist at the educational institution '
depicted here, so as to permit a healthy working Telationship among the, levels of manage-
ment, the levels of systems development and the levels of data.processing-opcrations? |, -

L4
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What are some of these devéloped systems and how did they evolve? ’ Co

-

A Unidue Setting With -Unique Systems

The educational institution to be used as the example here is one o the federally-
sponsored service academies, the United States Coast Guard Academy irn Ne% London, Con-
necticut. The enrollment is undergradudte only, and numbers approximately 1100. There
are nine major fields of study with a heavy emphasis in the scientific/technicéal areas
(mathematical, physical,-ocean and engineering sciences). In addition to, the mental:
demands placed upon the Cadet Corps by the four-year curriculum, there are requirements
in the military and extra-curridular spheres as well. Physical fitness is encouraged 4
.by mandatory participation in inter-collegiate and/or intermural athleticss; discipiine T
1s fostered by restrictions imposed throughout each day of 365 days each yea;. All

cadets go to all classes; during the summer session, they are involved in programs
oriented to the Coast Guard service (naval operations, cruises, mission area\programs . .
throughout the United States, etc.) —
The objectives of the institution are clearly defined. The self-development of the .
cadet is primary and focuses on those particular traits and characteristics that merit
the special trust of an officer's commission: a high sense of moral values, personal ' .
.honor, integrity and & sense of responsibility. The Academy wants to graduate young
people who haye the ability to think clearly, critically and analytically, coupled with >
the perseverance to work a problem through to its solugion. In addition, the develop-
mental process must include--with equivalent priority-“specific maritime and military
’ skills such as naval operatipgns and tactics and leadershin capabilities. The aspect of - .
leadership and its relatienship to administrative skills are important in view of the :
normal execution. of future roles in the service, some of which require a high degree of
endurance and resistance to stress (particularly in search and rescue operations). 7
. + There is a five-year obligation in the Coast Guard for the cadets wEen they grad-
uate. Approximately one-half of those who enter graduate. Approximately 80% remain in
the service beyond the five-year period. The faculty is gomposed of civilians, military
officers who are permanently assigned to the Acadenmy, and rotating military officers.
THe permanent faculty receive pay, get promoted and aspire to tenure in much the same
way as most college faculfy:do. The fnstitution is governed by the militarv contingent.
All of the above means that there is a focus on several aspects of student develop-
— _ ment which is different from the .peer population. The fadulty mix is a unique feature,
even with regard to the other academies. There is a sense of dedication to the insti-
tution and to the Coast Guard service--a factor which plays a large part in the purpose
of an Academy to provide career officers . ot
This focus on-several aspects of cadet development requires a strict monjtoring of
all activities. The program 'starts