DOCUMENT RESUN2

ED 116 60V IR 002 463
-AUTHOR Allan, John J., IXIXI; Lagowski, J.J.

TITLE General Information of Project C-BE.

INSTITUTION Texas Univ., Austin. Project C-BE.

STONS AGENCY National Science Foundation, Washington, D.C.
REPORT NO Ep-1-2-24-72

PUB DATE - 24 FPeb 72

NOTE 19p.; Por related document see IR 002 464

EDRS PRICE MP-$0.76 HC-$1.58 Plus Postage

DESCRIPTORS College Curriculum; bomparative Analysis; *Computer

Assisted Instruction; Computer Based Laboratories;
curriculum Development; Digital Computers;
/ *Engineering Education; Experimental Curriculun;
' *Higher Education; *Research Projects; *Science
Bducation; Time Sharing

IDENTIFIERS ' *Project C BE; University of Texas Austin
: .

| ~
~

™~
Using the expertise of faculty members of various
departments, the University of Texas at Austin has initiated a
four-year, two million dollar projecc, called C-BE, to examine the
capacity of computer~assisted instruction ({CIA) to improve teaching
in the sciences and in engineering. The computer can assist the
instructor by doing grading, bookkeeping, experiment monitoring,
basic instruction, simulations, and data processing. When the
instructor supplies a list of behavioral objectives, achievement
peasurenent standards, and technical limitations, the systems analyst
can ther design the computer materials necessary to meet the
instructorts requirements. The goals of Project C-BE are to .
quantitatively demonstrate the effect of CAI on the effectiveness of
college teaching and to examine the relative costs. The computerized
courses that are being designed could potentially be shared with
other institutions. (EMH)
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NEWS RELEASE TO ALL MEDIA AND WIRE SERVICES

A major problem that society faces is the need for improve-
ment in education at ali ievels. Confronted with limited resources
and the burgeoning demands of an expanding student population, Drs.
John.Jd. Allan ané J. J. Lagowski are Co-Directing a project with
some of their University of Texas at Austin colleagues to explore
the use of computer-based instrugt’ona1 techniques in undergraduate

education. The four-year project (Project C-BE), funded by the

.National Sciencc Foundation and The Universiiy of Texas at Austin,

represents a coordinated effort of che fach1ty of The University
of Texas at Austin. The first year budget is $430,000, with a
four-ygar budget of almost two miilion dollars. '

The expgrtise of facw}ty members in various departments
and colleges will be employed to develop and evaluate innovative
computer~based undergraduate curriculum materials to improve the
inétructiona] processes in their respective disciplines. The
project encompasses such subject areas as chemical, civil,
mechanical, petroleum, electrical and aerospace engineering;
chemistry; zoology; physics; psychology; economics; and sociology.

It has been suggested that tne key to the jndividualization
of mass instruction lies within a computer-based environment. This
project is designed to develop efficient methods of implementing
computer-~based instructional cechniques in a wide spectrum oF
disciplines, to evaluate the pedégogica1 and economic impact of

such techniques, and to gather informaticn on the factors
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associated with the'transferabi1ity of the materials developed to

other educational environments. =y

Computer-based instructional techﬁ%ques are aimed primarily
at assisting the instructor in meeting the growing demands of
large classes being taught more and more sophisticated materials.
'This is accomplished by interfacing the student to remedial,
tutorial, laboratory, design, etc, materjal using information
processing, thus, leading to increased academic cost effectivengss
and quality of iné;ruction. In many subjects, for iﬁétance,//
there is a body of information that must be learned by the
student, but which requires very 1ittie teaching by ihe'hwtructorl
It is one goal of computer-based teaching techniques to shift
the onus for learning such material onto the student, thereby
permitting the instructor more time for teaching and u]timafe]y
increasing teaching effectiveness in the classroom.

Computer~based educational methods are intendéd to extend
ahd supplement the instructor, not reptace him. In some cases,
using a socratic-type environment, a student can interact with
the computer using a television-type console and proceed through
material at his own speed. Under such conditions each student is
essentially engaged on an individual basis with an "instructor"

who is specifically attuned to his background, rate of Tearning,

and level of interest in the subject. Indeed,(each module can
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be the product of one ormmény minds., Thus, each student in a
large cliass has an opportunity to interact intimately with the
best minds on the subject -- a situation which dces not usuéi]y
occur at present. Using such techniques, a form of self-paced
instruction can be created pe;mitting more f?exibiiity in the
bresent educational system. In other cases, small computers
will be employed to relieve students of mundane, dangerous or
complex laboratory tasks. It is the goal of an educational
environment.to“teach principles, concepts and techniques most
effectively. |

It is planned to blend théfggst of the traditional
teaching techniques ~- dri?], practice, and tutorial concepts --
with innovative computer-based methods. The techniques and

materials developed will become an integral part of the normal

curriculum.

\
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- .. GOALS OF THE PROJECT .
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“‘iisted heléw5ate the;four (4) ohjectiyésAof our research as NSF
,viewg,tygféffp;t.. L ' .

DISCIPLINES - .
'  Wi£h‘ref¢zenée to reactive terminals, computer gréphiés, or
laboratory data agquisition-~identi£y’what concepts are common
qggggwseyéra}~dis¢ip11ngs in either content, approach or ‘
techrique. S r

-

I. IDENTIFY COMPUTER-BRSED CONCEPTS THAT ARE COMMON AMONG SEVERAL

o T . v -
DEVEIDP 'EVA'LI:I’ATIV(_)N‘ PROCEDURES FOR ‘I‘HIS TYPE EFFQR‘;‘ :

. Develop prpceaures for evaluating the pedagégical and economic
effgctiveness;andrpotential of computer-based techniques at the
module;‘éougse,,university, and naE;onal levels. ]

\‘

IDENTIEY THE ELEMENTS OF TRANSFERABILITY
Identify the eléments of the effort that are critical to

transferring successful educaticnal packages, employing these
techniquesy from one institution to another. )

_ Develop a fiscal modeI'SQ that administrators-may view these )
techniques from the standpoints of investment, operating expenses,” .

comparative effectiveness.
B : \

\.\

DEVELOP A FISCAL MODEL | -
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Planning for an undergraduate level computer-hased
science education system that will be responsive

to society’s needs in the 1970’

by JOHN J. ALLAN, J. J. LAGOWSKI and MARK T. MULLER

The Universily of Texas af Auslin
Austin, Texas

INTRODUCTION

The purpose of this paper is to discuss the pianningof
an undergraduate level computer-based educutivnial
system for the sciences and eungineeriag that will be
responsive to society’s needs during the 1970’s. Con-
siderable curriculum development research is taking
place in many institutions for the purpuse of increasing
the effectiveness of student learning. Despite the efforts
under way, only limited amount. of cvurse matter using
computer-based techniques are availuble with.n the
sciences and engincering.

Planning for a frontal attack to achicve increased
teaching effectiveness was undert-ken by the faculty
of The University of Texas at Au. a. This paper pre-
sents the essence of these faculty efforts.

An incisive analysis of the state of the art with regard
to the impact of technology on the educativnal prucess
1s cuntained in the report “To Improve Learning” gen-
erated by the Commission on Instructional Technology
«nid publishec by the U.S. Government Printing Office,
Marcl., 1970." The focus i8 un the potential use of tech-
nology to Luprove learning from pre-school to graduate
school. The goals stated in the above report are (1) to
foster, plan, and coordinate vast improvements in the
quslity ,. cduestion through the application of new
teehniques which are feasible in educational technology,
and {2) to monitor and coordinate educational resvurces.

AN OVERVIEW Ol COMPUTER-BASED
TEACHING SYSTEMS

Until recently, interest in using machine-augmented
instruction has been centered primarily on research in
the learning processes and/or on the design of hardware
and software. )
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Digital computer systems have now been developed
to the point where it is feasible to employ them with
relatively large groups of students. As a result, defining
the problems involved in the implementation of com-
puter-bused teaching techiniques tu supplement classical
wstructional methods for large classes has become a
must important cunsideration. Whether the classes are
iarge or siall, colleges and univemities are faced with
presenting increasingly suphisticated coneepts to con-
tinuaily xpalding numbers of students. Available tewch-
ing facilitiws, buth Luman and t.chnical, are increasing
at a less rapid rate than the student population. Typi-
cully, the lugistics of teaching science and engineering
cuurves brevines o madb. or of mecting these growing de-
inands by cxpanding the size of enrollments in lectures
and laboratory sections.

It is now, apparent that we can no longer affurd the
luxury of employing wachers in non-teaching functions

whether ou the permanent staff or as teaching assist-
ants. Many clivres such as gradi. z and recurd keeping
as well as certain remedial or tutorial functivns do not
really require the active participation of a teacher, yet
it 13 the persun hired as a teacher who performs these
tasks. Much of this Las been said before in various con-
texts, however, it should be possible to solve some of
these probiems wsing computer techniyues. In many
subjects, there is a body of information that must be
learned by the swudent but which requires very little

teaching by the mnstruc*or. Successful methods must be

found to shift the onus for learning this type of material-
onto the student thereby premitting the instructor more
time for teaching. Thus, computer techniques should be
treated as resources to be drawn upon by the instructor
as he deens necessary, much the same as e does with
books.

Baoitally, the application of computer techniyues is
supplemental lo, rather than a supplanlation of, the
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human tencher. The average instructor who has hud
littie or no experience with computers may be awed by
the way the subject matter of & good instructionu
module ean motivate a student. If uiwe program desiguer
has been imaginative and has a_mastery of buth his oub-
ject and the vagarics of programming, the instructional
module will reflect this. On the other hand, a pedautic
approach to a subject and/or to programnming of the
subject will also unfortunately be faithfully reflected in
the module. Thus, just as it is impossible to improve «
textbook by changing the press used to-print it, & cumn-
puter-based instructional system will uot generate qual
ity in a cwriculum module. Indeed, compared witl
other media, computer methods can amplify peda-
gogically poor techniques out of proportion.

The application of compater techniques tu assist iu
teaching or learning can be categorized as fulluws.

1. Computer Based Imstruction (CBI)—this con-
notes interactive special purpose progranis that
either serve as the sole instructional sneans for a
cousse or at least present a module of material.

2. Simulation
a. of experiments

1. that allow “distributions’’ to be attributed
to model parameters

. that are hazardous

. that are top time consumning

. whose equipment is too expensive

. whose principles are appropriate to the

student’s level of competence, but whose
techniques are too complex
b. for comparison of model results with measure
ments from the corresponding real equip-
ment

3. Dala Manipulatien (can be interpretcd as cus-

tomarily conceived computation) for

a. time compression/expansion—especially in
the laboratory, as in data acquisition and re-
J .ction with immediately subsequent “trend”
or “‘concept” display

t ulvanced analysis in which the computation
i. normally too complex and time consuming

¢ graphic presentation of concepts possibly
deflections under dynamic loading, molecular
structures, amplitude ratio and phase lead or
lag, ...

4. Compuler-Based Exaniinalion and Administralive
Chores to accompany self-paced instruction

vl W N

SYSTEM DESIGN PHILOSOPHY

Design concepts that foster a synergistic relationship
between a student and a computer-based educativial

~yotem are bused upon the following tenets.

1. The role of the computer in cdueation is solely
that of & tool which can be used by the average
instructor in & manner that (a) is essy to learn,
{b) is easy to countrol, and (c) supplements in-
structivnal capability to a degree of efficieacy un-
attainuble through traditional instructional
methods.

. Cumputer-based edueation, although relatively
new, has progressed past the stage of a research
tuol. Pilut and experimental programs have been
develuped to the point where formal instruction
has been conducted in courses such as physics?
and chemistry.”¢ Despite this, the full potential
of these new techriques has yet to be realized.
Tuture systems, that are yet to be designed, must
evolve which wil! provide sufficient capacity,
speed and flexibility. These systems must be
abic to accommodate new teaching methods,
techniques, innovations and materials.

Programming languages, terminal devices and
communications should be so conceived a8 fo not
inhibit pedagogical techniques which have been
successfully developed over the years. The sys-
tem should incorporate new requirements which
have been dictated through progressive changes
in education and sdjusc without trauma or
academic turbulence.

3. Initial computer-based instructional systems
should be capable of modgrate growth. Their role
will be that of a catalyst to expedite training of
the fuculty a5 well as a vehiele fur early develop-
ment of useful curriculum matter. Usage by
faculty will grow in parallel with evolving plans
for future systems based upon extensive test
and evaluation of current course matter.

to

The design of individual instructivnal modules to
suppiement, luboratory instruction in the sciences and
engineering will follow the general elements of the sys-
tema approsch which has gained acceptance in curricu-
Jur development.® This approach to curriculum design
can generally be described as a method for analyzing
the values, goals, or policies of human endeavor. The
method as applied to computer-assistea instrugtion has
been described in detail by Bunderson.* .

Although there huve been several different’ descrip-
tions of the systems approach to the design of curricular
materials, two major elements are always present:

- course analysis and profiling techniques. Course anal-

ysis consists of

1. aconcise statementof thebcliavioral objectives

8
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of the course expressed in terms of the subjeet
matter that is to be learned.
2. thestandard that cach student must reach in the
course.
‘3. the constraints under which the student 1s ex-
pected to perform (which may involve an evalua-
« tion of his entering skills). .

The results of the course analysis lead to an imple-
mentation of the suggested design by incorporating a
curriculum profile (“profile techniques’), which con-
tains

1. function analysis, i.e., the use of analytical
factors for measuring the parameters of a tusk
function

2. task analysis,” i.c., an analysis that identifies in
depth various means or alternat ve courses of
action a.vailable‘ for echievirg soecifie results
stated in the function analysis

3. course synthesis, the iterative process for de-
veloping specific learning goals within spedific
modules of instructional material.

A general flow diagrmﬁ which shows the relationship
between the clements in the systems approach to cur-
riculum design appears in Figure 1.

[ 1

pywrn { srngn'nu!
ou CONSULTANTS
= ANALYSIS T genavioriat
OBJECTIVES
- r
asK uoogfnon
ANALYSIS MATERIALS
¥

i | | »ot i

TEST

SUBSYSTEM
TEsT

Figure 1 —Systems approach to curniculum design

(oals and behavioral objectives

Some of the longer range goals defined should be to
demonstrate quantitatively the increased effectiveness
mined by computer-bused techniques and further, to
develop skill in the faculty for “naturally” incorporating

"information processing into course design. Another long

range goal should be to effect real innovation in the

notions of “laboratory courses’” and finally, to instill in

graduating students the appreciation that computers

are for far more than *technical algorithm execution.”
In more detail, some of the goals are to:

1. Plan, develop and produce computer-based
course waterisl for uve in undergraduate science
and engineering courses to supplement existing
or newly proposed courses. Course matter
devel.ped will utilize a systems approach and
cunsider ¢ntering beliaviors, teritual ubjectives,
test and evalustion schema, provisions for re-
vigion, and plans for validation in ar institu-
tioual learner environment.

2. Produce ducumentation, reports, programs and

deseriptive literature vn course matter developed
to include design and instructional strategics,
flow charts and common algorithms.

3. Test course matter developed on seleeted classes
or groups for the purpose of evaluation, revision
and validation. This is to determine individual

learner characteristies through use of techniques

~uch as item analysis, and lateney response using |

intcractive languages.

4. Promote and implement an in-depth faculty in-
volveinent and competency as to the nature,
application and use of computer-based instruc-
tional languages, course matter and techniques.

. Compile, produce and make provisions for mass
distribution of such computer-based naterials
as are tested, validated and aceepted for use by
other colleges or institutions participating in
similar programs,

b

In an academic environment the use of time-sharing
computers for education is gradually being incorporated
as & hard-core element, which in time will become so
commenplace & resource for faculty and student use
that it will serve as an “educational utility” on an in-
terdisciplinary basis. To achieve a high degree of effec-
tiveness of such systems, the faculty using computer-
based teaching techniques as a supplement to laboratory
type instruetion must initially become involved. The
pedagogicai objectives of this whole approach are:

1. To correct a logistic imbsalunce: i.c., a condition
marhed by the luck of & qualified instructor and/

9
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or the proper equipment and facilities to perform
s specifie teaching task (or project) boing at u
specific place at a specific time.

2. To provide more information per unit time xo
that, as time passes, the course will piovide 1o
increasingly in-depth knowledge.

3. To allow new ranges of material tu be cuvered
when one specifically considers thilgs cunently
omitted from the curriculum because of student
safety or curriculum facility costs.

4. To increase academie cost effectiveness, because
it is certainly expected that adreit information

. processing will free the faculty from many
mundsoe tasks.

5. To provide both parties with more persunal time
and flexibility, because it is anticipated that con-
siderable amounts of time are (v be made free
for both student and faculty.

6. To make & computer-based ~ystem the hey to the
individualization of mauss instrueticn by utihaing
dial-up (utility) techniques.

7. To develop luboratory simulation so that 1t s
no loonger a constriction in the educationai pipe-
line because of Limited hardware and current
laboratory logistics. !

Evaluation crileria
>3

In general, there are two distinct phases to tue s alua-
tion of instructional modules. The first of these cuincides
witu the .wctual suthoring and cuding of the matenais,
and the second takes place sfter the program has ud-
vanced to its penultimate stage. These twu types of
evaluation can be referred to a~ ‘developmental test-
ing” and ‘ validation testing,” respectively.

Developmental testing

Tis testing is informal and elineal i pature snd
isolira both large. and small segments of the nnal
pr rarl. The specific objective of this phase of the
developrient is to locate and currect inadequacios in
the module. It is particularly desirable at this put of
develupment to verify the suitability of the criteria
which are provided at the various decisiun puitts in
the program. It is alsv anti:ipated that the prugran.’
feedback to the students can be improved by the oddi
tion of & greater variety of re.ponses. Finally, testing
at this stage should help to un.uver ambiguous or in
cumplete portiuns of the instrvw-tonal materials.

Relatively few students (about 25) will be reyuired
at this stage of eveluation; however, since this phase

i~ evelutionary, the exact number will depend on the
nature it oxtent of the changes thut are to be, and
hmve been, made. Materials which are rewritten to
inprove clunty, for examiple, must be retested on a
small scale tu establish whether an improvement has
n fact been made. A final form of this program, in-
corporating the revisions based on this preliminary
testing, will be prepared for use by a larger rroup of
students.

Yalidation testing

The formal evaluation of the programs will oceur in
a section. {ur with a part of 2 section) of a regularly
scheduled class,

1t i~ assumed that a sclection of students can be ob-
tained that is representative of the target population
for whicl. the matenials are designed. One of the follow-
ing twu ncthuds fur obtaining eaperimental and con-
trol groups is suggested, depending upon circumstances
existing at the time of the study (i.c., number of scc-
tior» available, whether they are taught by the same
iustructour, the willingness of instructor to cooperate,
section size, ete.).

The preferred method is to arbitrarily designate one
course section erperimental and one course section
control with the same instructor teaching both sections,
An assumption here is that the registration procedure
results in a random placement of students in the sec-
tivns. The alternative method of sclecting students
fullows. The instructivnal programs are explained to
the toutal student group early in the semester, and a
listing of thuse students who are willing to participate
i~ ubtained. Two samples of approximately equal size
are randomly selected from this list. One sample of
students is then assigned to work with the computer-
assisted instructional facilities and is designated as
the experimental group.

The eriterin used to evaluate the programs are as
follows.

1. The estent to which students engage in and/or
attain the behavioral ubjectives stated for the
program. I'ur tutunial and remedial programs
pree nnd  post-lests are the instruments for
. wuring attainrment and will help answer the
wutstion. Dues the computer based supplement
actually teach what it purports to teach? For
wypetient simulations, the successful comple
tion of the program is pronu fawe evidence that
the student has engagud in the deired behavioms,

<. Adicveleat as measured by the course final
examination.
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Figure £—Tost and cvaluation achema for overall program

3. Net gain in achievement as determined by pre
and post-testing with the appropriste stand-
ardized ares examination.

4."Changes in student attitudes as measured by
pre- and post-attitude inventorics.

The statistical treatment used to evaluate the pro-
grams in light of the above criteria will be & multipie

" lincar regression technique equivalent to analysis of
covarisnce for criteria 2 and 3. The covariables used ’

will inelude. {1) A plagement examn score (if available);
(1) the hwginmng course grade (for students in ad-
vatrad courses): 3) sex; (4) SAT® scores, high schiool
GPA* . and (3) other pertinent information available
in the various courses. The key clements of the test
and evaluation schema are shown schematically in

Figure 2.

INMPLEMENTATION

Planning is one of the most important aspects of
CBI and when done properly yields what we might
call a “systems approsch” to curriculum or course
design. This means not only the setting up of & course

* Scholastic Aptitude Test.
*+ (irada Paint Average.

RIC
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TABLE 1 =Curnculunl Lreveloprent Research Tasks

o ———— - s - o

Task Type Research
Thtle Apphication Investigastor  Department
Machine 13, TG, MM, Dre. JJ.A. Mech. Engr.
Element Pry, Res Assistant
Design Professor
Acrospace D, IG, MM, Dr. E.MLB. Acro. Engr.
Structural Prs, Sim, Stat,  Assistant
Res Professor
Theoretical s, D, Ksim Dr. FAM. Cheinstry
Chenistry Professor
Dr. RWK.
Faculty
Associnte
Riophiy niest SIM, Hsam, Stat De JLE. Zoalopy
Analvais Assistant
Professor

Application Code

D -Dall aud Practice; G —Geaphics; 1G-- Inteructive Graphics;
AMM~—Mathematieal Modeling, Gaming; FrS-- Problem Solving;
OLME-~On Line Monitoriug of Experimtnta; Sim—Simulation;
Renn—Ren! Experiments Plus Simulation;, Stat ~Statistical Deta
Processing; Res -Research i Leamning Processes.

of instruction by following a comprehensive, orderly
set of steps, but ako 2 plan for invelving other faculty.

No two curriculum designers will agree as to what
constitutes the essentials in outlining a course in its
entirety before beginning. However, there are certein
sequential or logical steps that ean be defined precisely.
These steps have been designated below as the course
plunmng “moki” and are based upon actual in-house
experience m planang, developing, testing and cvalua-
tion of course watter. Examples of this planning as
shown in the entries in Tables T and 11 are authentic

TABLL' 11 Curneulum Ewc)opmvm Htesearch Task Coat

‘otal Computer
Iation  Dollar Persontiel Tinx
Task Tule (M) Value® Cost Cost,
Elements of 0 $72,440 Q120 $41,320.
Design
Actapace 31 31117200 $45.020 $65,500.
Structures
Theercticad M $53.1540 $36.900 $16,250.
Clirtnistry
Biophyssical I St 250 £23, 40 $19,650
Anslyss

* Not including anlware cost




ERIC

Aruitoxt provided by Eic:

262 Eall Jost Caomputar Comerenee, 1970

Wl bve heen donved by requesting cael wew assosate
mvestigntor to Lt the spproach to beginning os wark
mto a “nwld.” Deseriptive mateaaal for cach prospec-
tive jarticipating faculty member is shown in the
following uxample,* and is organized as follons.

Ttle
Introduction
. Objectives
. Project Deseription
Method of Evalnation
Impact on the Curnicnnan
Pedagomeal Strategy
Current or Past Experience
l. Related Research
<10, Plans for Injormation Iterchange
11. Deotuiled Budget*
12, T'ime Pluesing Diagram
13. Apphication Cross-Reference Chart

—

.
-

r-.cswg

~e

.

EXAMULE OF A PROSFECTIVE ASSOCIATE
INVESTIGATOR'S PROPOSAL:

INTERACTIVE DESIGN OF MACHINE
ELEMENT SYSTEMS

Introduction

Fngmeermyg design is a struetured  informiation,
creative prucess The synthoss of physically feasdih
solntions generally follows nuny sy decisions bl
oty processe] avaalabie infurmation The strueture ol
design ngornaaen has been dolined in the literature *
Priwc--ing thas desgn infonination i . seientifie and
jogical methend s amportant to the understanding o!
Lan one tesches engiivening desigi, particulady the
part that computer augnentation night play in the
pr aess Bssentially, the computar oo relieve the on-
anecnng desigper o those aspeet- of problem nudaga
Lt aned e itive compatation that might otherwise
dic vt hma from the contest of his problem. The
fu cetsl priaeple here v o have the designer
skt deerstons, not ealenlations.

Objectives

Tiure are several objectives to being able to put
~tident 1 oan wteractive situation for the design of

—

*Ishonbd i copt aized that the conras inted in Tabdos | oanad
H ¢ preent s uly g pottion of the earncabon matter windh s
boua o asds o des eloped

* Senple e s dor stoms 1, 12, and 13 exn be oblamied from th
Waebors The corm tor atem 11 e particular gives the dotasis
Bt seAf) te arrive 40 2 projoct’s estimiated dollar - ost,

e doie Copnnts Oue ol the primary goals 15 to allow
Atadcins s Genadon wadane element ~ystems mstead
ol the taditional approach of the machine clements.
The obpoct of tus 1 ta show the mterplay of the
Jdficctions aid stresses due to imposed furces on
machine clement systems, Another apjective is to

" allow distnibutions to be attributed to parameters of

systems normalty considered as discrete. Latest in the
series o engineeniny texts are those that consider
probubbistie appreaches to design. Finally in the
desigr. ¢ cess, by definition, a1 taph performed at one
4+ttt G does aot give tine observer of o designer
Y .ahirnediea about what the designer’s nexi task
unght be. Heneeoat s mosy important to construct an
encironme nt that wall alow the ~tudent to “ineander”’
througs then yrad of possibilities of alterstions of o
nonfeasible somtion ol a design problem that might
magke it subequently o fersble solation. Anotlier ob-
jective of usiig an mteractive systent is so considera-
tions nel nece-sartdy sequential in an algorithmie sense
il be supe oscn for the student’s consideration. That
iy, i cnn consider system reliability , system structural
mtegrity, and <ystem cconomies simultancously and
tnghe design doosions based on any one of those
fundaunentad consuderations,

Proj. ¢t deseription

T~ Jranact maohves the n.l:-;;r.ttinn 1tlo 8 conven-
lluu.ll ' ~aBoeattn 1 olle oF mot - aelae ('R'I‘ diapluyh.
Il aecateen v congputis sugmentation by the tradi-
Lol tean g wl cugieamgt clement systems design
is propeeste,  orde to satisfy the meeds of the under-
gradsate ~Uident who soahl Lhe to o, able to synthes
seeoaned vl e reabistie - ement systems than
1+ hew poedagoena’y possble, The foliowing speeific
desirad fune e the computes-hased  ~ystem are
DURE L WYY A oan l‘.‘bli_\ acecssible extension to
the ~tadv ut e guer s fnetuaal capabilities:

[

1 Drioes anon ~torage and retricval The system
nitst b abe toaceept, store, recall, and present
thow Leeds of mfornution relevant to the de-

tor example, material properties, al-
gonthins o analyzing physical elements, con-
serston 1 oetors, ete.

2 Inforneitin Intcrehange The systemn maust be
abie o mternet with the designer conveniently
< that e ¢ an convey mformation with 2 min-
nin 6 evee -~ srmation during the operation

~

-i:lu 4

af the systrm
3 Teddaed \vaiysis Copatabties Tlie system
ot be able to oaet on the information pre-
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-

sented, analyze it, and present concise results
to the designer. .

4. Peactung and Guidance Capabilities The sys-
termn must provide the student designer with in-
formation necessary to enable him to use the
system and also to tutor hun in the context of
his problems.

5. Easy Awailability—The system should be avail-
able to the student user and adaptable to his
modifications.

In essence this project can be deseribed as the design
and implementation of a computer-based reactive
clement design system which would be as integral a
part of a teaching environment as the blackboard,
doors and windows. Further, in this project the amount
of additional material in terms of reliability, value
anulysis, noise control and other modern engineering
concepts that can be integrated into the standard
curriculum can be conveyed more effectively and to a
deeper degree. )

VMethod of evaluation

The cffectiveness of this method will be evaluated
hy presenting the students with more comprehensive
design problems at the end of the semester. Several
observations would be made. First, they would be
able to take into account more readily the interdetion
between systems elements in & mechanieal network.
They should not require as many approximation: with
1espeet to fatigue life, method of lubricating bearings,

ete,

Inmaet on the curriculum

It effect on the eurriculum will be as follows. The
‘eehamenl Engaeering Department at The Univer-
~ty, of Teypas has what ix known as ‘block” options.
Iroc 1< way. a student in his upper-class years may select
<ome partieular concentiated area of study. Part of the
materiad that he now receives in one of his block courses
346N could be moved baek to his senior design course
3661, The efiects on the curriculum should be to free,
for additional material, one-half semester of a three-
hour course at the senior undergraduate level for those
majoring in design

Pedagogical strategy -

The strategy of the course at present i the solution
of anthentic design problems soheited from industry.

4

However, all anulysis teehniques are currently con-
fined to paper and pencil with computer algorithms
where practical The new strategy will add the ability
to analyze mcehanical systems networhs on an inter-
active sercen and have an opportuaity to manipulate
many pussible ideas (buth changes in topology and
changes in parameters) per unit time.

Current or past experience

The investigator has spent several years on the de-
velopment  of nteractive graphic machine  design
systems both i dustry and in acadenne institntions,
Fusther, the nvestigator has been teaching the design
of machine clement systems sinee 1963 and prior to
that practiced design of machime clement. .sy‘st(-ms/‘sinco

. 1958.

Related research

Professor Irank Westervelt at the University of
Michigan is currently conducting research in the area
of interactive graphic design. Ilis major emphasis is
on the design of the executive systems behind: interac-
tive computer graphic systems. . Milton Chace ulso
at the Umversity of Michigan uses sume software gen-
erated by Di. Westervelt's gioup. His concentration is
on usng Lugrange's method to describe dynamic
systems and be able to mampulate the problem’s
hardware confipurations on  the ~ereeu. Professor
Dantel Roos of the MIT Urban Systems Laboratory is
now putting a graphic hont end oi his [CES system.
Professor Gear at the University of [Hinols has asystem
running on a 338/360-67 system and his primary in-
terest there is to woih with people who are manipu-
lating clectrieal networh topologies and doing network
analysie. Professor Garrett at Parduce University s
using graphie ternunal aceess to s un{vvrsity’s com-
puter for performng a series of anaiy~cs an mnechanical
engineering components.

The unique aspeet of the work that is envisioned
here, as opposed to all above mentioned relative works,
is primarily that it will be an instructional tool. That is,

the computer is recognized as an analysis tool, a_

teacher, and an information ~torage and retrieval
device,

With respect to each of the above, there are two
_connotaticns. With respect to analysis, the computer
will perform analysis in its traditional sense of en-
gineering computation and it will also analyze the
topology of mechanical systems as drawn on the sereen
such that the excess information between the designer
atid the coraputer will be reduced. Concerning teaching,

‘.’Gj L
S
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the (‘-;umpuu-r will work~with, the stadent ot valy To
teach him how to ue the system, but alse i anoth
sense it will help hin learn about Liv probloms context
by technigues such as unit watcling ol wat conver
sion and ehecking topological continuity before allow-
ing engineering computations. With respect to infortaa-
tion ~torage and retrieval, traditional parameters such
us matenial yield strengths and physical propert.s of
fluids will be available.

Another concept in interactive design will be de-
veloped when the system can work with the student
and help him optimize apparently continuous =y toin-
maule up of objects such as bearings that only cutue in
discrete gquantitics, for instance Lginch incierment bores,
ete. '

’

I
Plans for information interchange

Information interchange. of course, Las two mean-
ings: (1) how to get mformation from other schdols to
the University of Texas, and (2) how to disseminute
the results of my research to other interested parties.
It ix the responsibility of the principal investigator to
insure that information from professional socrety
mectings, personal visits to other campnises, research
reports, published articles, personal cont aumeation,
and “editorial columns” wn beth regional and national
newsletters of societies such as ASME. IEFE. SID,
SCIL ACM. and others are disseminated to b roscarch
associates.

Further, it 15 the researcher’s responsibnhiy to gen-
crate researel reports, published articles, take the ve-
sponsibnlity  for keeping los  latest information
Ynews atemne.” attend mecnings, and wrnite personal
letters to other people in the fickl who are mterested
(o help heep them abreast of Las ewrrent rescarch
activity e

EXPLRIENCES TO DATE

Compleicd projects .
;

During the academic year 1968- 69 two pilot ,/{)mjv(-ts
were condueted on the use of computer-based tedh-
uiques in the istruction of undergraduate chenasty.
l'jft/oen curriculum modules were written for the Gen-
eral Chemistry project and eiglit for Organic Chemistry.
In each matance the modules vovered subjects typical
ol the material found in the first semester of each course.
Facelr module was *‘ebugged’ and polished by eaten-
sive use of student vohinteers prior (o use in the pilot
studies. [n each study, the modules were used to supple-
ment one section of the respective eourses under con-

tWwo-scraester
OLEane

from  this
application. n

Results
Computer-hased

talled conditions
stindy
icnistry sedicadc o Ligh degrec of effcetsy oness, \!‘j\'nt
ouly wae the study offective in ternas of student seage
performance. but also 1 terms of  outstandiogly
ravurabie attitudes tuwards comiputer-hased instruction
by students and professors.

Concwrently, faculty members of the College of
Engineering have also conducted various courses using
contputer-bused techniques. Dr. C. 1. Roth of the
Electrical Enginecring Department hax developed a
tolt.purer-assisted instructional systom “that simfblates
@ physicdd system and provides computer-geperated
dynanic graplue displays of the system varinbles.® An
SD 930 computer with a display scope is used for this
project. The principal means of presenting material to
the students is via means of visual displays on the
computer output seope. A modified tape recorder pro-
vides audwo messages to the student while he watches
the scope displays. A flesible instructional logic enables
the presentation of visual and andio material to the
student and allows him to perform simulated experi-
ments, to answer questions (based on the outeome of
these experunentsy and provides for bramehing and help
sequences as requited  Instruetional progranuming is
done i FORTRAN to facilitate an interchange of
program= witii other schools.

Dr. H. I. Rase et al,!® of the Chemieal Jongincering
Department have developed a visial interactive dis-
play for teachung process design sing simulation tech-
nigues to caleulate rates of reaction, temperatiure pro-
files and material bulancein fixed bed catalytic reactors.

Other coinputer-based  instructional programs de-
velopod melde ssalan wodules in petroleum engineer-
g anud meche et engineering. In cach instance, the
curtientum moditles are used te supplement one or more
sections of fortusl courses. In several nstances it ix
possihle to e astire the course effectiveness against a
“controt” guoup Coure modules generally contain
simulaved experiments, analysis techniques using com- |
pu o gaphies and some futerial material,

The general objeetives for all of the aforementioned
studies c1¢ as follows:

(V311

1. T'e pive the students an opportunity to have
st ated laboratory expetiences whieh would
otuerwise be pedagogically impossible,

2 To piovide the students with supplemental
mals nal i aceas which experience has sliown to
be difl vult for many students.

3 Te provide a sctting in wheeh the student is al-

low: ' to do g jul) that pl.‘(»f('s onals do; i.e.,

eollvet, wanipalatc and interprot data.
4. To uive the student the fecling that u real, con-
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cerned personality has been “eaptined i the
computer to assist lane,

5. To ndividuahze the student computer nter-
actions as much as-possible by allowing the
student to paee hignself,

6. To give the student 1 one-to-one sitnation 1n
which he can receive study aid. ,

‘ \

Present state of computer-based learning systems

Curriculum development in engineering and the
seiences is being accomplished within the Univer-ity
of Teans through the Computation Center CDC-6600
system using conversational FORTRAN within the
RESPOND time-sharing svstem. Also, small satelhite
pre- post-processors such us & NOVA, a SIGMA 5 and
‘an SDS-930 are finked to the CDC 6600. Of speeial
significance 15 tue Southwest Regonal Conputer Net-
work (SRCN) which is now in the carly stages of vse
aud is built around the CDC-6600. Some eight n‘ra
state colleges and universities are lit hed  Work<hop
and user orientation sesstons are ~till under way con-
current with curriculum development. The mtegration
of course matter for this network will be accomplished
during the next two to three years A diseussion of the
factors snvolved o curticulum software development
and some cevuluation aspeets follows

(st factors and maragemend consderalions

W hen developing an secounting ~ystem for examining
the cost of generating software for teaching., one readity
realize- thet there is the traditial coding and the
subsequent assembly and hsting Flovever, beeause
_academie instinitons frepiently nave ths elass ot

endemvor tand-d from ageady soutees, @onext step s '

very frequently hatdware instalation it the terminals
or the cent1 o processor have not been “on board™ prior
tor th - 1t dion of the rescareld Onee the hardware is
wart b however, onsbie deouguing can tahe pinee
and the fisst course iteration ean begin The neat step
i~ the hrst coat-¢ tevision in which the material ix 1e-
written, possiblv restruetured. to take advantage of
expetienees on the first pass Then, the second course
iteration 1> performed and finally the second course
revision

The estimates for coding. assenibly, listing, and
debug time, ete . are a function of .

1. the computer operating =ystem and 1t~ con-
straints,

2, the coding profictency of the professionals -
volved. i

ERSC
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3. the way m which the computer is supposed to

manttest wself, that is:

a s a sunulattion deviee in parallel with the

real eaperiment,

b. 1 purely a simulation device,

c. us a base for computer-rugmented design,

d. for data aequisition,

¢. for computer-bused quizzes,

f. for computer-based tutorial and drill,

g. or finaily, for computation.
4, the degree of reaction required, that is in the
physiologieal sense, how  the eomputer must
wmteract for the user's latent response,
the extent of the data base required and the
data structure required to allow one to manipu-
late that data buse.

it |

I'he primary considerations ure organization and:

control. In this work the organization consists of the

following. At cach college there is a projeet coordinator

who 1= the hne supervisor for the secretarial services,

programming =erviees, and technical implementation
4

acts as the coordinator for

services, and  who

consnltants.

At the Umversity level there exists b review pancl,
composed of members of the representative colleges
and several people from other areas such s educational
psychology and computing, which evaluates the works
that have been conducted ip any six-month period and
also evaluntes the request for continuation of funds to
continue 1 project to its duration. The actual fisceal
control of eweh project is with the project eoordinator
of that particulu college. Also, the purchase of cquip-
ment is cootdinated at the college level

The conttol ne expressed above is basically a two-
tep control. .t bieannmal projeet review, plus 2 budget-
ay analysis, 15 accomplished by an impartial review
panel, Thew function is to act as a check on the econ-
text of the material presented and to recommend con-
tinuance of particular research tasks. As a fusther step,
this rescarch ix coordmated in all colleges by the Re-
weareh Conier for Curricuhnn Development in Sciences
and Mathematies, .

SUNMARY

Disseminafwr of injormalfon

Dissemination of information is planned through (1)
docuinentation of publications in the forn: of articles,

reports or letters, (2) symposia to be held which cover
procedures and fundamentals for developing eurriculum
in CBI und (3) furnishing of completed packages of
lad . Ll
49 ‘
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conrse pntter on computer fapes, enrds o disks o
other colleges or mstitntions deatrig, and able to ase,
this materinl. Wide publiaty will be given completed
course matter through sucl ageneies as BKRIC, ENTE-
LEK and EDUCOM. The provision for contimmng
perwdic mputs to the above ageneies will provide for
current availability of curriculum materials,

Future outlook

The future outlook for time-sharing in computer-
based eduentional systems is extremely bright with
respeet to hardware development. The advent of the
marketing of newer mim-computer models sellmg for
five to ten thousand dollars: -sotne complete with a
Inntted amount of ~oftware- i~ already changing the

Jaboratory scenc. The configuration of duect-connect

termmals. with the imherent advantage of installation
within one buillding, further enhances the use of this
type of system by clnmiatmg the high expense of data
lines and telephones.

Software in the form of « powerful CBI langnage for
the seiences and engineering designed specifically for
mumcomputers 1= perhaps one of the most important
needs. Rapid progress has been made in developing @
low cost termenal using plasina display or photochronne
technology however, the promise of a low cost terminal
has yet to be realized. -

A small college. Ingh school or other mstitution may
be sible to wllord @ small tnne-sharing computer system
with ten ternunals that could meet s aeademie needs
tor less than 836.000; however, still laching is the vast
amounit of adequate e nenlum matier, Fducators ustng
CBI are m the same posttion as st hbrarian who lhas a
heautiful bullding conzannng  vest array of shelves
but few buohe to meet acadenae needs of students or
faculty The task of curnieulum development paraliels
the abve atuation and must b undertaken in much
the -2me manner as any other permanent edueational

Fe-~0uree, “

Edurational ben fits

Benefit~ that resnit from ydementing this type
plan are a function of the synergistic mterplay of 1)
personnel with expertise in the appheation of computer-
based technigues, +2) computer hardware meluduyg -
teractive termmal eapabihity. (3) faculty-developed
currienhin: matertals; aud (1) the common information
base mto which the entre research program can be
embedded.

The program ean provide students with a learning

resouree that serves meany purposes That is, the com-
puter e be the base of o utility from which the user
can readily extract only that which he needs, be it
computation, data acquisition, laboratory s.mulation,
remedial review, or examination administration. At all
times the ecomputer can simultaneously serve s an
cducator’s data collection device to monitor student in-
teraction. This modularized dial-up eapabiiity can give
the students an extremely flexible access to muany
time-effective interfaces to knowledge.

Administrative benefits

When this type projeet has been comipleted, all vsers
may have aceess to the results. This unified approuch
can yield modules of information on cost aecounting
which can be used as a yardstick by the University.

Ifurther. this type project iusures that data-yielding
performance is of a consistently high quality, and that
regurdless of the subject matter on any research task
the depth of pedugogical quality is relatively uniform.

The subject matter developed can serve as the
basis for conducting experiments in teaching and con-
tinuing curricular reform. Indeed, the association of
faculty in diverse disciplines can scrve as a catalyst for
curricular innovations in the ¢ourse of preparing ma-
terials for computer-based teaching, techniques.

The instruetional efforts deseribed here can serve as
the basis for displaying the unity of science and en-
gmeering to the undergraduate student in an indirect
way. Ior example, if a student is taking a sot of sciefjce®
courses in u particular sequence because it is assumed
cach course soutributes to an undesstanding of the

next one, it s possible to use programs developed in”

one course for review of remediad work in the next
higher course. Tous, an instructor in biology can as-
sume a certain level of competence in chemistry with-
out having to review the important points in the latter
ares. Should some studeuts be deucient in those as-
pects of chemistry that are important to the biology
coure, the wstruetor can assign the suitable material
that had been developed for practice and drill for the
preceding chemistry courpe. With a little imagination,
the instructional syst\m\r{ an make a significant*impact
on the student by givilig him a unified view of science
or engincring, It is pogsible to develop both a vertical
and horizontal strueture for common courses which
can be used on an intfrdisciplilmry basis for integration
in the basie core eurrfeulum in the various departments
where computer-based techniques ave used. The re-
vision problem of inserting new and deleting old ma-
terial in such a system is considerably simplified for
all concerned. '

e . N .
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There is « vast, largely uncxplored area of applicu-
tions. An time-sharing methods become more wide-
spresd, termingd hardware becomes less complex, and
teleprocessing techniques are improved, the potential
useftlness of cormputers in the educational process will

. increase. With the technology and hardware already
" in existence, it is possible to build a computer network
linking industries and universities. Such a network

. _would (1) allow scientists and engineers in industry to
. explore advanced curriculum materials, (2) allow those

who have become technically obsolete to have access
to current, specifically prepared curriculuin materials,
training aids and diagnostic materials, (3) allow local
curriculum development as well as the ability to utilize
curriculum materials developed at the university, (4)
allow engineers to continue their education, (5) provide
administ rators with an efficicnt and time-saving method
of scheduling employees and handling other data proc-
esaing chores such as inventories, attendance recors,
cte., and (6) provide industrial persdinel with easily

i obtainable and current student records to aid in giviug
. the student pertinent and helpful counseling and
guidance.

Although complaints have been voiced that com-
puter-based techniques involve the dehumanization of
teaching, we argue to the contrary—the judicious use
of these methods will individualize instruction for the
student, help provide the student with pertinent
guidance based upon current diagnostic materials and
other data, and allow instructors to be teschers,
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