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o A, system of computer assisted deszgn for L
lonal materials (CADI) would increase the productivity of
gnal designers of soitware, and keep costs irom- escalatxng
as rapidly as they are at present. At Wayfie State University, some
steps toward CADI have been taken, with the resuilt that personnel
time has been reduced for some activities, and the product improved
in others. A PLATO lesson that was designed involved the use of a
' questionnaire employlng a 2-level sort--one by the courses the
respondent had taken, and one by the design and development functions
Ferformed by,fhe respondent. This simplified data gathering and
improved the gquality of the data collected. CADI also uses online
documentation and interaction where appropriate. While the system. can .
he used for preparing text materials, tke greatest potential is
~probably for lesson development. The Instructional Qualiity Inventory
‘developed by David Merrill provides a ‘set of guidelines that may be
‘useful in designing such lessons. The evaluation of CADI materials,
while not completely precise, can be accomplished by reviewing their
. accuracy and conformity to accepted practice, but only the test of a
frototype will tell if the instructional package works. (BK)
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' -ius whenever you feel more explanatlon or:

" NEED FOR. CADI ‘]g?[7“;~

- INTRODUCTION o ‘.,ijgﬁva“‘” :

Sos

'systematlc instructional deslgn model~that: :many- of .

~software and coursewvare: continues; to“r1se.l Ft

. The major reasons for the hlgh cost of“
- courseware, are rising' costs. of. -personnel dnd slow. :increases in

EY

a

Computer Asszsted Des;gn of Instructlon P

g /,,,,

» .

The purpose of this presentatlon ig to. descr1be a mu. ; S
of . Computer Assisted Design ‘for" Instructlonal materrals.v The need
for such a system can”be identified, along with some* characterlstlcs
.of the desired system.’ JAlong the way, it will be usefulﬁto descrlbeﬂ
some. p1eces of such a system that already ex1st ‘and ar‘“r e <1 |

4_>,,

At other polnts, it will: be. useful to look at, computer a1ded de51g
and; computer aided manuﬁgjturlng, collect1vely known\as CAD/CAM, -for

“rsome 1nslghts into probllems that we may wish. to’ avpld 1n‘deslgn1ngba Qﬁy

_ system for ‘computer assisted design of 1nstruct10n.¢>

. In desqublng ‘a system of computer ass1sted deslgn Kl
wh1ch we will call CADI, -we*will. use termlnology d r1ve

~steps in _.such a. model: include . Analysls,_ Deslgn,‘ Developmentflf
Implementatlon, ‘and Evaluation. For purposes of this presentatlon,
we will assume some- famllnarlty w1&h ‘the¢ ncepts"”

. this common ‘model.: _,\

By calllng the 'system CADI Computer Asslsted Deslgn ' of
Instruction, ; ve are taking some’" llbertles wlth the model: It w1ll “{%
‘be apparent,that we. are, d1scuss1ng computer applacaﬁlons useful_ for 5
all phases of the effort, pot just deslg : : i

We w1ll _also - adssume - falerarlty with: th PBAT% s&stem,ll_cludlng
character1stics of different- k1nds of lessons‘and tHe terminology of"

the system. Where it becomes.; :p%ogt&hs runnlng S
on other computér systems, we: cﬁomewgat 'more-;'

her

/9

'ou’; %111 stop
S requlred. .

ust1f1catlo

on[‘,

en

While the‘ cost of computer hardw ire “continues to;decllne at a rate 2
that is. unparallelled ‘in ‘other::i 3ustr1eskﬂ ‘the “-cost - of iputer - .
’ s*not’ at’ all unusual ‘
for software costs to run at-five to'ten -times:the rate of hardware:
'costs for any glven appllcatlon,'and the gap-contlnues ‘to w1den. o

Ty
Useful“software,./lncludlng

product1v1ty of those who design and develop software.wf The sllght

useful for 1nstructlon, such as PLM '} iﬂe " ; ",?'u R
-Major 1mprovements in product1v1ty are’. unl;kely untll major steps

are taken' to automate" portigns-or all of thefdeslgn and: ‘development -
process, to reduce ‘the number of person-hours: necessary to bring
courseware to completion. Or, if the same'- number of. person hours

.can produce better, courseware, that fWOUld. also be redkoned a.
*product1v1ty gain. . g : R
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;tivity has

ers, mos
ydesigns,jup until a few years
_onslsted of - the abé%@ty "to determine -appropriate
o - "design well in advance of the prototype -stage.
- The.- laws of opt, jare well- known,%but the multitude of variables in
lens . deslgn"llm “ed " the usefulmess of calculations ' done by
‘,mechan1cal desk cal”ulators. . '

The 1ntrod -tion ‘of computer refs“deslgn drast1cally changed the
process., --became- posslble > for. relat1vely . unsophisticated
. .companies - to .produce very innovative optics by the use of ¢ puter
~models., These models systematidally manipulated variables.
curvature; ~placement, - movement, type -of- glass and coat1ngs, to
produce very’ complex lenses, whose characteristics were known before
. the prototype.was ever built. The resuy )as been smaller, lighter
lenses, of- 1mproved quallty, at competitive pr1ces. -

ample precedent_ in
gn of cameka lenses used to. be -
of them German,

i

There ‘are some enormous d1ff1cult1es w1th mov1ng this very - :

"~ successful model to the .design and development of instructional

materials. ~But before we get bogged down jn these problems, we need_;f

‘to look at some.of the tentative steps that have been taken toward
CADI' the computer assisted deslgn of 1nstructlon.l

TENTATIVE STEPS TOWARD CADI

At Wayne State, we have taken a few small steps toward CADI. In

some cases we . have reduced personnel time required for certain -
dctivities. In other.cases, we have improved the product. Both are .. -

product1v1ty gains. _ ,

I A / .

‘In the Analysls phase, we have deélgned and used a PLATO lesson thatfﬁ

. simplifies data gathering-and improves the data that we are able to

~get.  We wused an on-line- questlonnalre that - would - be quite. .

/

1mposs1ble to dup11cate us1ng pencil and paper 1nstruments.
. /

I8

“l You ‘have all seen questlonnalres that had questlons that were used -

_-to '‘sort out responses to later. Qguestions. They read like this:
'"Hdve you completed the course titled Instructlonal Design? 1If your

‘answer 1s _nho, please skip. to questlon 21." If yes, please go on."™

/
s That k1nd of qUestlon is acceptable/1n most questlonnalres. But in
our instrument, which was used to gauge the usefulness of the CREATE

.curriculum’ to pract1c1ng 1nstructlonal déyelopers, we could not sort

"by one or two'questions of this type. Our need was to sort by both

the courses 4’ respondent had taken in CREATE, ahd by ‘the design and .

development functions performed by. the respondent, so that people

" only answered .questions about /wh1ch they had had professlonal

experlence., An example may clear th1s up




.Thls two-level s@@t 19
'questlonnalre. g .

VfSuppose av respondent to/fﬁe quesﬁdonnalre had compieted‘the
- Fundamentals, counse, ‘the-Design ocourse,‘ and the. two ‘Author

Ace welonly'wantedi esponses of these wrth experlence‘related

 to the -cburses taken,-this respondent’ wo&ld then get questlonsTQ?f
‘Fundamentals codrse ‘and. thé Des:gn course, but not_ﬁc

f,gabout “the:
-che Author'tanguage"ourses R TS ST e
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‘Another;gcharac'eristic‘ of: €h1s lesson set if apart from the usual ’
'NQuestionnaireJ, The questlons were Likert- scaIe itéms, in which ‘the
-‘respondent moyeqd:

“.an.arrow along'a line from strongly dlsagree to
X0 indicate & ch01ce. 1f the response’ was at an

strongly agree‘
extreme .for:

respondent ‘was writing about, 2 s IR IR

s

Th1s use of the"-notes-'command allowed usnto selectlvely use open-ff
ended response’ +items: where .they ' were llkely to gather useful
_1nformat;on rather than 1n a scatter- shot manner.: e

A
e = 0

- We' used a mult1ple s1gnon, wh1ch was*glven°to members of’ the sampleUr'
- 80. that anonymlty could be preserved. g‘ .

e . ¥ ' R “'_
‘,'As “in most of our - efforts, th1s. one/requrred the expert1se of

' several people to,make it work. T -designed the -instrument. and . the,p”

logic of ' the’ lesson.J Steve,,Strlckland of CDC . in Southf1eld

Michigan wrote the individual: questlons, “and” Paul Jung ﬁrogrammed-Tfi’:
the ,lesson. Many people j:at’ ,CDC's courseware group rew1ewed the./
;:1nstrument and made valuable suggestions for 1mprovement. j :

-3 !

C We! w1ll be demdnstratlng the" lesson and some of the products we. have

that these common, act1v1t1es could be part, of a CAD

‘produced at the Resource Center on Saturday.' - S |

’ . LA
g | .

</
In the Deslgnqphase, we make heavy use of on-llne documentatlon .and
interaction. - Otr uysé of. “tekt f11es,.n te'files, and documentor

files is not of particular note, since many development groups do .

ystem.

o

the same - 'things. _ ﬂ%‘-report them here,  though, just to’p01nt .out-

: LE\X , 4 A -
In addltlon to the fac111g1es prov1ded }on PLATO for generatlon,
storade, and retrleval of documentatlon, we use s1m11ar]fac111t1es
on Wayne State'fUniversity's computers. For/some efforts, the "use. of

-other systems s far ‘more .useful than use of PLATO, s1mplyf becausge

~ of access. “Wayne State's.mainframe fac111t1es are- accesslble from'

'fhundreds of standard ASCII: term1nals scattered around the Detroit -

letropolitan area. - I1f.our’ subject matter experts Or consultants -

I“f;nd it easier to access the un1verslty sYstem i We will: tuse the
powerful ediors of.- that. System/for preparatlon of de51gn documents,7

content- narrat1ves, and the 11ke. jhﬂ“?f BT AT

P

-

;ﬂfLanguage cogrses ,JIn the respondent S. Job, he or she was*

rmply not pogslble';in a paperrand—pencil."

some” ‘crucial - 1tems,,the lesson prompted the respondent)'

“to wr1te a short note,.much like that ‘whith occurs when some kinds’, '
of " érrors. ‘occur,.in lessons.- The note was automat1cally titled with
the ~ question: number,ﬂ so ‘we - cbuld ,determlng ”what it /was the® -

.



,,ﬂ_'ﬂPreparatlon of text mater1als is almost always conducted on- the -

+ =7 university system rather ‘than .on' PLATO, since-the output of that

L.+» .System can berin the form of camera readp, ]ust1f1ed text, with a

oo, variety- of - type faces and sizés, produced on a Xerox laser printer

Y -T;fon,a few cents a page.- That: syétem prov1des a dramat1c 1mprovement N

. in- productivity.  The beauty of the system is. that the text ‘never
"hits ' paper untll it, is ready .for the pr1nter. The/des1gners,-

" subject matter experts, and consultants have worked the |text' over

- on-line, without the need for laborlous re- typ1ng at each/stage. -

. ' . } .
/If the f1nal product is llkely to be a PLM course, we may use . PLM ‘as

~a design’ and development = tool. Many of you ‘have useduPLM as a

- delivery ; .and mnagement tool for instruction. But ve. recognlzed that
a design -document for a curriculum includes much of ‘the same/text as -
w1ll‘eventually be entered into PLM. ' The dupllcated information

-, comes in‘: the part' of the document that describes the individual .

learning act1v1t1es, tests, and the llke,‘at the level ‘of . 1nd1v1dual_

.lessons. : :

Ob]ectlves, learning resource-descriptions,ﬂ nd the like,'sho d not
- be retyped several times. .We -will enter. em into moduled -and
instructional = unifs early in the development stage, ‘along with test
items that may have been developed as we worked through objectives,
so ‘that they are’/ready for .us when we -get’ to the lesson development
‘¢  stage. Prints of/ the modules are useful as deslgn -documents, and .
some clients review them on PLATO so we do’ not prepare separate
documentatlon for that portlon of the effort. ; R _ v ~
The use of ; automated data gathering from lesson ‘and ' PLM is well- i
documented in 'many places, . and presumably is. fam111ar to many of o
. you, so we will not discuss it further here. . We don't "do anyth1nggsg
too startling 1in this area, but, like documentatlon, we. mention it
to note;that this’ evaluatlon tool should ‘be . cons1dered as part of a
.CADI system.,. ,; o X : - o T

.“ J

"1 thlnk we ought to step back for.a m1nute and look aga1n at CAD/CAM
for some 1ns1ghts 1nto what we are doing.’ '
i ‘ !
-In Computer /Alded Desxgn and/Manufaéturlng, the 1nd1v1dual pf%g
that/ Wlll dESIQD a part*and theri control the manufacture, .of the part
are/well 1n place and. widely. accepted. '~ The next step is to’
integrate | the- processes, -to’ reduce the manual steps needed to make .
.thé whole thlng ‘work as a system. " The Department of Defense has in-
fact begun development of an- 1nfegrated éomputer aided manufactur1ng
package, - called ICAM,%- that, in 'effect; ties together all the.
disparate p1eces "of CAD/CaAM, to reduce 'the smanual ‘interface that
typ1cally ex1sts between varlous phases of des1gn and manufacturlng. .

That Step agaln, prov1des us wlth some d1rectlon in the des1gn of a
¢:CADI system. For a‘vatriety-of reasons, the pieces that exist don't
i/ .work together. ‘We can produce dESIQD dacuments that include pr1nts.
< of ~ PLM moduﬂes,,bgt the pieces aren't compat1ble. So if we want a
i single document, we™wird up typing parts of it twice: once into, 'PLM J
7 . and - once aga1n into ‘the- des1gn document.j Content descr1ptlons that
i could ‘well serve as introductions to CAI 'lessons or ‘tekxt readings |

i may have to be retyped to~ br1ng them into the system where the. text / *.

. ) X . Q ; - . f .
L . oo, " c ) . ) 'f_\ 0 : . o . .
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" Computer Assisted Design of Instruction =+ =~ . = . 5
will be Jbed T S . :_V R -
' ' o / T RS
‘ But “the greatest potent1al for CADI is probably ¢gn©  lesson

development "In the, instructional development field, we are getting =~ , .
close "to  the poidt at which we can specify one of a f1n1te set of

L ructional procedlires, once .we have class1f1ed the» learn1ng
' outcome . 1s de#ired. - ' _ .o

I
[

The Instructuonal Quality Inventory, or IQI develéped by David.
e Merrlll under Navy sponsorship, provides a set of guidelines that
;jigmay be useful in computer aided .lesson design. The model. requires
;:_fthat a de51gner class1fy learning outtomes accordlng to. .'a specific

.. .scheme.. Once that -step is completed, the 'IQI specifies in
é‘u ansaderable .detail, the exact steps a student should complete . in
order to master ‘the objective. 1In conversat1on, Merrill has claimed
e remarkable ‘success for the scheme. - . e :

©If thg cla1ms are 3ust1f1ed the model prov1des a powerful tool for  »
use in a CADI system. '
PROBLEMS : S ) T = e
Let s return again to <CAD/CAM to see. -where we are. ‘In
manufactur1ng, once you have designed a‘part or .an assembly, it is
_'ble to make a pretty fair judgement about the ab111ty of the
‘ meet- the 'specifications..- To illustrate the po1nt let's
'look agaIr at the .lens design problem. 1If a computer model- is used
. to ~designy' . a lens, the model can walso be uysed to -measure
P " "characteristics of the lens, to a high.order ‘of accuracy, before the
' lens is bui®t. The laws of optics are. well . known. The major
difficulty -is being‘ certain that a lens can be built that matches
the design. That is to say, .the design of the lens can be evaluated
using only the computer model, and most experts would agree on ,the
N results of the evaluation. o e R : (-

I'm.afraid that evaluation at the des1gn stage of 1nstructlon 1s not
nearly. as’ prec1se a’ -sciénce. A problem in the analogy begins to
appear. We don't know the” laws of .Jearning as well as we know the -
laws of opt1cs. We. cannot evaluate an instructiondl design with the
same sort of certa1nty that is appllcable in manufacturing.

&

A

We do review the des1gn for conformlty to accepted pract1ce, and for

accuracy. But  we . have .build the prototype, and try it out,
before we know what happens’,when students . use . an jnstructiohal
package. * . . - e )

Wwe need to do a lot ‘fore research into learn1ng, to extend the

. usefulness of the.instructional routines used in theIQI. At Wayne
« State, we have - several d1ssertat1ons in progr%ss\ now that are
"looking at instructional des1gn variables.- 1 am .certain sitilar
studies ,.are going- on elsewhere. Tennyson at the University of
Minnescta’ and Merr1ll at- USC are working on ' these and related
problems. S . . - L o ‘ i -

- . , _

The results of such work’ w1ll be that 1ncreas1ng port1ons of lesson
development can be ‘automated, which will improve productivity and

EKC | | | | v \
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