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};‘ _ . Joséph M. Scandxra.-Pp.D- a ) W
e The primary aim of t}és a}uly\Sis is to determine how the federal ﬁ
‘ ;,., . g}vernner}t m;ight best thg excellence in education via instructional . Q‘ ,
o t:ec":fxmlogy'. More specifically, the purposes of this inquirv are
AL * . ) . - . . ‘ - L
* " threefold: 1) to identify strengths and weaknesses of instructional :
: ’ . . . . ' ’_ - .
) ¥ technology’durinhg the 1980's. 2) to ihdicate how technology might aid the "
. teaching and learning process and 3) to determine how the federal o
government might best assist states and localities in utilizing technology
) to improve -educational achievement. In the latter regard, a reassessment. .
E of ‘the roles and responsibilities of federal, state’ and_local goverrments,
- of business and of .parents seems imperative. '
* Any such analybis will necessarily depend ‘heavily on the ways in
S ), ' t :
which "educational technology” and "the new federalism" are defined." We .
begin, therefore, by defining these terms. > ' _ \/
Educat ional technology connotes different things to different peeple.
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R | - T Mo some it refers to the use of technology in the educational process.
| ;g Ihis interpretation, not surprisingly 1s favored by x:hose charged most
N . . directly with the delivery éf instruction: adninistrators. teachers.
. ?) atﬁig/\deo spec1alists. cutput:er specialists. etc. To others, the term
"edxcatimal_ technology” refers primarily to the princ1ples and techniques 4
.u.‘sed.ih designing instriic}imal systems. The resulting- systens frequently
but not necessanly are intended for delivery via. technology. Not
| Fsurprismgly. the latter interpretation tends to be preferred by those
.associat:ed with academic and research env1ronments' universit:ies
~ research laboratories and centers. and even centralized mstructional
) developnent centers associated’ ‘with large. schoo) districts and states.
, ~ Those R&D specialists who are most directly involved /m mstructional
: systems development t:end to emphasize relatively f liar educational . i
deSign procedures such as behaVioral objectives, crit:ericn referenced
testing and task analysm. Correspondingly. academic leaders in the
- field tend to place more emphasis on basic instructional theory and de519n
‘techmques der ived therefrom (e.g., Gagne & Briggs. 1974, Scandura. 1977)‘
In this analysis. "ed:cational technology refers to both
VY . instructional theory and deSign and the use ‘Of technology ,in the Belivery
" .of instructian. ] o “ N

'

. For several decades. beginning with the 1960's., the federal
gover nment has come to play an increasing role. in echcaticn. Initially. N

. \
S ~ funds provided for research at univerSities and later for . mnqvation in

~

' ,schools came relatively free of explicit federal controls. : G_radually.

. regulation and direction came to be increasingly centralized so that by
. ,— . . . . ’ v ’ L. ) i .

\‘L . ,V . . . . e . . . d




T the late ‘1970MRN f‘ ge'piopottia‘x of funds were being used explicitly to

o+

dxcfate eocml o means of echcatlm. 'By 1980, the federal role in

-
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ed:catn'n was. suf§1c1ently pervasme as to greatly testrict and often

cantrol the activ‘);tles of states and local govermnents. This progresswe _

hation fred;uently made 1t d1ff1cu1t to achleve local

ends and, in many cases. angered parélts‘who felt 'that their role was

w

being usurped by a Iarge bureauora¢y over, which _thgy have [no effectn?e )

control

-»

rallsm refers to the return of.
-l

educational respon51b111t1es from the federal 1ev | to the state.and loml

In the present context, the "new f‘

‘ goverunents IndJ.rectly. it also ‘refers to\the reasglgmnent of
educational roles among goverrment, private enterprise and independent %
agencies. and(students.' parents so as to more efficiently. _ef‘fect'i'vely and :
-5 responsibly promote excellence in edui:ation. Special atténtiol-x is given
to the role the federal government should play in promotmg mstructmnal o
» technology. 3

The. remainder of the analysm bu11ds on these def1n1t10ns and

prehmmary observat:.ms o : : ‘ ‘
) I. Early Developments in Instructmnal mggn/ L7 ‘ ,

II. A Brief lilstory of Federal Support *for Educataonal
‘ Research and its Consequences o o
. Instructional Tedmology: Current. Strengths and Weallnessgs .

V. Usmg)rnstrucnonal Systenms neslgn in CBI Developnent .
- | v The Use of TechnoIogy in Inst.ructlon T
SR : : )
~ _'VI Conclusmns and Reoomnendatlcns ) ' :

* .
. . . e - . .
Y, - i . / i L. R . A o
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T I. EARLY DEVELOPMENTS IN INSTRUCTIONAL DESIGN AND CBI
Much was heard during the late 1950's and early 1960's about the
science. of learning and the technology of téaching <. F., Melton et.’ al.,'

o
) 1{r:' v',

o l§595- Farly realizations‘”of educational technology (e.g., involvmg
; ] \
progranmed learning and teaching machmes) were frequently based direct‘ly '

; ' ‘on existent learning theories of the day. . A - N
. Skinnerians, for example, sought to ‘onvmce us that schedules of ,
“reinforoement shown' to work S0 successfully with pigeons ~aRetlower 2 T .‘
4 | mamnals, would almost certamly save the day -for human education as well,”  »
! Many edicators rightly saw the folly of this approach but had very little ‘
substa.ntive scientific information on' which to base their objections . The
alternative idea of -instructional "branchmg was advanced\by mdiv1duals 5
like: Robert Ctowder (e.g.,m 1959) P for example, but little other than
mtuition was advanoed as a baSlS for such branchmg ‘ o
Early nevelopments in Computerﬂ-Based Instruction. This was the -
'nulieu into which oomputer-based instruction (CBI) was introduced in the
1960's (€.9., by &xppes and his oolleagUes at Stanford and Stolurow at,
Illmms) At that time many were: predicting that CBI wOuld revolutionize ‘ .
. . . #ecucation, changing radically and permanently the means by which education »
would be delivered to the mass of our youth. . Alas, the predicted ' :
t revolutim did not take plaoe at that time for three major reasons.,
1) The costs for harduare and for software development during this
early period were prohibitive. Still many demnstratims and some”

- implimentations of CBI systems were developed at several major
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Vdesp te these fe

'me dellvery of,CBI was’ totally and caprlcmusly dependent on the

,umversxtzes, in the m;lltary and m a few large corporatxons All of

the erforts, however, were heavxly deperident on federal funds The
Plato system at the Umversrty of: Illmoxs, for example, utlllzed many

null ons of federal dollars. Plato has had lmuted ccmnerc1al success
al subsxdles and, subsequently, a decade long and to

-~ i ‘
estment by the Control mta Oorporatlbn reportedly of

date unprofltable i

uI 900 nu.lllon.do; ars,. Plato s development has been a\n unllkely

Y

io'made, poss1ble largely by ' the strong contmued support of the

1

|

oo B
4

chlet operatmg offlcer of that corporatlon. " _'g R

P

2) The second major problem durmg this early perlod was relxablllty.

-~

-effectlve functlonmg of la,rge cen’trallzed computers. All too frequently,

these carputers were down for mamtamance or repa:.rs, makmg 1t dltflcult
- \

] and sometnnes mtpossmle to ma:mtam a smoothly functlonmg 1nstruct1mal

N . -
program. . T -

* 3) Perhaps most mportant, too llttle was known about how to de51gn ’

effecblve mstructlm,,’espemally mstructmn th.Ch by its nature is.

.«'hlghly dynamic and interactive. At that t1me, }nteractlve mstructron was

cmsxdered prunarlly an ar,t form to be mastered only in varymg degrees by

; human pract1t,10ners .

Gradually, thlngs beéan to change. _Tne 1960'5 .and ~1970's. saw .

caxsiderable growth m mstructmnal systems desxgn. Increasmgly, it

L g

bemme possxble to desxgn mstructJ.onal systems by systematac means Jdn a

1 e

- manner not unllke the way "an engmeer mlght plan a brldge, for example.‘

. A\
) Wldespread‘uSe of the term "edJcatmna englneermg in th1s context JAs no

¢
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relxab‘.le mcrocmpxters were intrdd:ced 'Mday,

A\
nucrocomputers constn:ute a nultiblllion dollar md:stry. Although

AN
educatmnal uses have 1agged behmd those” m recreatlon and busmess,
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- Sputruk brought abou‘t a vastly mcreased conoern for J.mproulhg
scxentlflc educatlon ih the late 1950's. In1t1a11y these concerns were*

centered on mathefatics anf the physlcal sciences. 1In a few years this
L)
concern spread to all sciences and 1ater to éducation generally. .

’

Moreover, by the early md 1960's it became increasingly reoogmzed that

.7 . little was known about the educational process. It was at that time, for
example, that the theories of Piaget and their ’potential amllcability to:

~ education were first. redlscovered"—as it tirns out 40 years: afterr those

‘theories were first annunciated. Consequé'xtly, federal support for
scientific investigation in éducation increased at a phenomenal rate.
Although there were notable exceptions, most research supported under the
measured variables such as class size, method of J.nstructlon (e.g., -
'dlscovery versus expository) and usd of oanputer assisted mstructmn

: \, Y
versus non-use, 'IV, etc. - R )

~

Prcm this early research and at the risk of sllght

A

old Cooperatlve Education Research Act was concerned with such easlly '

oversmpllflcatmn, only two major and rellable results emerged (both with

‘precursors in the past) 1) students 1earn what they spend time domg

‘" (i.e., what they are taught) and 2) the methods and media used to teach

.- cmtent does not matter much as long as 1t is taught well. CBi,l for‘

*

instruction depend on what is being communicated and the it with which -

) example, is nelt:her good nor bad in and of itself., 'lhe results of sucl':hf n



< .

- t is done. .

:' ! Flush with funds, a number -of mltlatlves can be traced from this
i

*y. periods 1) a oonpetltlvely awarded research -oontracts program, 2)

e s

educational research centers and, later, 9laborator1es and 3) Title- I and:
Title ITI programs aimed more directly at the practice of education, A
\ ) substantial‘portim of these-funds was used‘tfo‘stxpport -educatimal '
‘ ! i ,‘technology However, most o:‘. the money later was mcreasmgly

\ . foonéentrated at'a few centers and”in some cases was used to subéidize

comnerc1a11y mfeasxble‘efforts_ in cmnputer-based 1nstruct1m.

A}

.

In many. ways the most broductive programs during this' period were the
‘small ocntracts and basxc research programs at the Department of .
Bducatlm, includmg those administered w1th collaboratlon of tne*tlonal
Academy of SC1ences.‘ At this time durmg the 1960's a considerable amount. -
of 1nnovat1ve research was bequn, much of 1t breakmg necessary ground for
the ccntemporary developments of today. ’

 Although not so intended, establishment of the National Institute of
. ¢ Educat ion .(NIE) during the éarly 19:76'5, led to the near demise of federal
- support' for serious educatmnal_ research.by independent investigators. By
the late 197o's_gﬂy about 4% 'of NIE;'s funds were being ‘awarded ona
' oax'pet.itive basis '(e g'., Farley, 1980; sPage, 1980) ‘A dlsproportlonate
peroenfage of avallable support was (and is) bemg awarded by .
- omgressxmal mandate on a preferent1a1 basxs to the varlous 1abs and
o Aoenters, 1rrespect1ve of the quality of contrlbutlon.‘ - _ ‘

3

‘held during this perlod were largely oonmterproducﬁ:xve.~ ‘AS few as one or " |

\

AN

~In this .austere env1ronment, the lmuted grant oonpetltlons that were )
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_ _ " two of literally hun'dreds of _imsblici d proposals wére funded annually
with® the ;costs of proposal writing & {

_provlded for actual research. Under | these circumstances. it would have

o
"r‘f' '

'been far. better not to hold the
- O T
Oonsequences of this Federal tervention. -~ 'Iwo develogments which -

- resulted from Offlce of Educatlcn d NIE sponsored research and

;developnent durmg the 1970's are partlchlarly relevant to this analysxs.

~F1rst, most support for echcational research during thls perlod. ms\

[}

concéntrated at a small number of preferentlally funded research centers | ‘ ,
R . and 1aborator1es. Indeed the presence of center and 1aboratorys ' /
| | assoc:.ated nnel on many research reVJ.ew panels durmg thls perlod not .
- only all the centers to obtam funds on a nonconpetltlve ba51s but in.
‘ ‘ -;arge n\eaa:re to determme their own conpetxtim. As orye-col}__eague has
| ~ put it, (federal) goVer'nment funding patterns beginning in the early' L |
1970's have often had the efféé-t of “watering the weeds." . -
~ Even more ominous has been the onmpresent polltlcal mfluence of the
- labs-and centers. ‘According to a recent past preside_nt of the influential
" American Educational Research Association (AERA) (Professor Ellis B.>;age, '
personal camumxcatlon) » the lab/center consdrtium "packed the Executlve .
.Councn of the AERA and then acted as-a blot to 'reoonmend' A
L " (cahtinued conm1tment) to the exlstmg labs and oenters. E‘axlmg thlS ¢ |
. L attempt, these groups, m concert with polltlcal allies, have apparently
. succeeded m oustmg NIE 1eaders and counc11 metrbers %fo have attempted to "

_ mtrodxce open conpetitlon in research fundmg. , ’meSe gro_ups currently

. are mmtammg mtense pressure to ensure contmued lab and center

daninance, - : S

Q . o, .. . ) s . ” o E et T
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- 1nd1v1dually prescrlbed instruction (IPI) pro:|ect condxcted, by the

quickly adopted by schools and/or oomnercxal publlshers. As it turned

elther the market place or to schools. . _ N

. KX second major. development of concern mvolved the efflcacynof large
y
scale currlculum developnent efforts supported by the Offlce of Educatlon
dxring the 1960'5 and 1970 ? Much of this research had tapered off by

the mld-late 1970'5. so it is 1n.struct1ve to consxder ‘the extent to which

those developnent. efforts actually mtpacted on the educatlonal system.
Perha;s the best. publxcxzed early, effort in this regard was the ’ o /\
Learnmg Research and Develo\pnent Center at the fUmversxty of Plttsburg. - |
“This effort was a hastlly contrlved attenpt to 1mpose an’ mcanplete
behavxoral pkuloSophy on the actual operatlon of a school _ Early on, the
IPI currlculum conslsted of cuttlng and pastmg currlculum naterlals from

a variety of conmerc1al sources. Later. w1th consxderable federal - _
support, these materials were reflned and tested at several levels both by
the Center in Plttsburg and by the Research for Better Schools Laboratory

in Phlladelptua ' S

»

. , - . -t .
One might expect that the results of . such an effort would have been

~out, with a few mcmse’?;uentlal exoeptlons. very llttle of this currlculum
e

' material was thought to have .comnercxal value and snnply never nade ‘it to

-

/

K

In retrospect, 1t would have been far better to have used support . "‘ \_l

allocated for GBI and currlculum developnent for the development and :

. exclusxm of the ﬁrlght brothers and 1llustrates the folly of

testing of a broader range of prototypes. Such an a;proach would have
y1elded far more useful mformation at proportlonately less gost.l- 'Ihe IPI .
i).lustratlm is refmnlscent of governmental support of. Iangely to the "

I T SRR
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) i .fz‘_._ _ pveremixaslzmg one or anothe,r approach ‘at ‘the- expense of caxpetmg 1deas. RS

>
a

'l‘he.samemmey would have been far

_3 i: a- vanety of conpgtlng optlons_ fom

, marke?lac& com\}ﬁve £ , ° SN e, T » \i '.

o S.umlar comments can be made regardm \the quallty-of the-research . =
e;nanatmg from many of the labs and centers. Generally, the quallty of - | K
that research has been spott_;,y with an oftep enbarrassmgly low prpportlm
of repo\:ts being publlshed in reputable and referreed sc1ent:.f1c journals .
(e g,. 'Demyson,,perWumcahmY Indeeda- 1t 1s hard to pmpomt

N one new 1dea( that was mltJ.ated pr 1ly by labs{ and center personnel -
{ Y

as i’t was put by Pr:of ssor Novak of Oornell Unlversltyt (personal St “\,;
camm?,cation). "I cannot thmk of a- singl)e slgmflcant cmtrlbutlon that

“,.: D “‘has come out of all of the support for NIE Centers and Laboratorles (many ’

“
*w - 0

Vo, Qf ~whom are still xm.red in S-R behavqorlsn) n o S

L ', The "better” labs and centers. hmever. have somet imes been qulck to
SR C

capltallze on research and’ ideas developed by others. Among these 1deas .

BN

~."‘* o are task analysxs (e. g.. (hgne. 1962). the development of 1tems forms 1n B

v,

—

cr1ter10n referenced testmg (1n1t1ally developed by Hlvely et al, 196%"

and‘ cogn1t1ve learnmg and performance (e.g. . Scandura l97l/Ne(ll and
Smm. 1972). R P .
Increasmgly durmg the 1970's and l980's as. Justiflcatlon for v '

,' fature fedgral support, some purportedly\mnovatlve problems have been ‘

\

proposed for study‘ In re tyears..the study of cognitive learnmg as

1

opposed to performance, and the applicatlon -of cogmtlye theory to

[ 3 L 4 y

1nstructmh fall m thlS category (e g. - Resmck L981) The mpllcatldn

of such proposals has been that they are new, challengfng unsolved ~

L

@ ... e T

-
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) .
problems for the-future. In fact, ‘there’ is a large body: of research in
both areas cmd:lcted by mdependent researchers both m this country and

abroad (e.qg., Lanch, 1974; Novak._1966 Pask.,, l975; Scand:rq 197l l973.

1976, 19774) which -has been largely unreferenced although amarently used
as a-source og,ldeas in lab and center reports (e.g.. see?Scandura l977a;
1977b. Chapter 15; 1980) . |

.. An even more recent example of this sorf appeared in the APA Monitor
to the effect that "the most significant (recent) advance in (cognitive -

sc1ence) 1s ‘the capability to analyze the cogmtlve requlrements needed t

‘complete complex tasks"” (Aprll, 1983, p. 8). This analyst. having been

2

, actively mvolved in such work-while the md1vidual quoted was still

studymg S-R pa1red—assoc1ate learnmg. ‘cannot help but ‘find such
statements both amusmg and mcomprehensxble.

Needless to say, federal support for secondary efforts of this sort
is indefensxble in these days of highly restricted budgets., especially

under the preferentially blased subsidies provxded for lab and center
‘! . . ' '

; act1v1t1es. ‘ - .

The problem has been put succintly by Robert Tennyson of the
Umversxty of Minnesota (personal cqmmicatlon) » "Without a plpelme to
Washington (e.g.. in terms of former student or colleagues 1n the
bureaucracy) there . is ‘little chance of fundmg * He further postulates "a

dJ.IECt correlation between the number of former students in an agency anc

‘ .the amount of fundmg recelved. One might add that it is doubt ful that

the preferentlally funded labs and centers could have maintained

~_ themselves dn. ment were 1t not for strong polltlcal support

e
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R+ 8 ns'mlmom TECHNDLOGY CIJRRENI‘ smsncms AD WEAKNESSES
g Any omslderatlon ‘of current strengths and weaknesses m
instructional t:echmlogy mst dlstlngmsh between what is currently known
about instructmnal technology as a methodology (i.e., the strengths and .
weaknesses of current desxgn and develogRent methodologies) and the o |
current state of educational technology in the sense of the use of t‘
technology for- learning and instructional purposes. B R /'
, Theory and Technique. — Among those who believe that instructic;n may ..
be viewed at least partly asa scxence or technology, rather \than just an
art. (e 9er Bork Mager, Popham Gage, Gagne, Glaser, Landa, lferrill, Pask,
Reigeluth, Scandura and Tennyson), it is generally belleved that 'f'
instructional design involves specifying: (1) the goals or objectaées of
instruction in beha‘xoral terms (i e., in terms of what the 1earner is to
be able to do atter learning), (2) which of the specified objectlves the
1earner has and has not_:‘met prior to instruction and (3) tedquues--for !

as;sisting the learner to move from where he or she is toward the specified .
! - ' ’

~ goals. .,

fprovxdes a sounder basxs for plannmg instruction than does norma&ye “

mquestlmably, the most’ widely used technique for spec1fymg
1nstruct1ma1 goals involves behavioral objectives (e.g., Mager, 1968)

{
Although variations exist, behavioral- ob3ect1ves essentlally mvolve -

spec1fymg educational goals in terms of observables.

It also is widely recognized that eriteridn referenced testing'

. .

,u

testmg. In the latter, students are tested on broad samplﬁrgs of tasks

= .
-~ "
. . . . . v oL S
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fran at. best vaguely defmed danams (of tasks) 'I'ms approac:h “to testmg'v

: is useful for oanparmg the generallzed achlevement Tevels 03 students
&

'Nr.-‘

. (hence 1ts wldespread use in standardlzed testmg) In general, hwever,
normﬁtrve testing does not pmp_o;nt what <md1v1dual students do and.do not
Know in a way that lends itself’“to ';'.nstructional decision nalginq‘. » " |
- lnstructlonal purposes are better served via criterion referenoed testing
_ because student capabilities are judged relative to predsternimd
standards (i e., the goals of mstructlon) _

o N Although most mstructmnal designers belleve that the above e -
- techm.ques can play an nnportant role in developmg mstructlonal systems?? '
there bends to be less agreement as to the suff1c1ency of these tedxmques
.or_as to 1nstruct10nal methods - In general, the ‘designer's perspectlve

, depends peavily on the role which cogmtlve processes, rather than Just

observable behav:.or, are assumed to play. At one extreme, are tnose |

oamutted~ to purely peripheral explanation, prediction, and behavioral
control. In this camp, for example, are-those who espouse such well known

Sklmerian techmques as shapmg (i.e., reinforcing student responses
. which tend toward desired goals) ’ fadmg (provxding progressrve‘ly f]ewera .

clues as "to what the learner is to do as learning progresses), and |
schedules of remforcernent. “While the validity of these ‘techniques has =~
been den;nstrated repeatedly in animal experinmtatim, mstwemtemporary
- ingtructional des'igners reoogn'ize that much more is required for effective
. mstructmn. Schedules of remforoement, for example, have more to do |

| wltn motlvatlon than learnmg ‘per se (e.g., Scandura, 1973)

Reoogmtlon of the mportanoe of task structure in designing human




instructiun 1ed to the development of task-analysis in _postwar &ears ; -
- -(e g., Gagne, 1962). In task analysxs, the criterion tasks (spec:.ned
_E-&operatlonally in observable terms) oonstltute only a beginning. By ' _ i: :
. repeatedly askmg the questlon of what the learner nust be able to do in |
order to do what is desued the analyst- constructs a hierarchy of tasxs
to be mastered with the cr1ter13n task at the apex. Those tasks - ™~

qnnedlately below are assumed to be neoessary prerequxsxtes for the former & |

.

in the sense that they must be mastered before the érlterion can be

} (mastered) Smularly, tasks below the 'prerequls;Ltes must be mastereg

| berore the prerequlsltes can — and so on. At the bottom of the hierarchy

~are tasks tnat are so simple that they can be assumed available to.

£ C ‘everyone (in the targeted student population). -’ .-

With the emergence of cognitive thmkmg durmg the 1ate 1960's and

- '.'early 1970's, two’ major limitations of behavioral objectives became

. apparent (e.g., Scandura, 1971). First, specifying behaviorai ot;j,ectives_

| leaves unanswered the question of what' (e. g.,\oognit'ive processes) must be
~ learned in order to perform as deS1red Knowmg how an objective is to be -
achleved is not Just"an idle concern becatise any educational objectlve can :
‘be adueved in any “number of ways. Thus, one can solve verbal problems.m
aritnmetlc, prove mathematxcal theorems or’ construct a paragraph by any

Mnumber of methods, Moreover, .even where each method achleves the same
educatxonal objectlve, the long term value of partlg.xlar methods (e.q., /'P\"Q(

T for subsequent learning) may differ dramati‘cally. As a simple exam;;I;

| consider two’studentsv', one of whom has learned to pronounoe w—_or_ds&by "loo.k

ana say" methods and one who has mastered phonetic analysis: The latter - -
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—= student would be far more 11kely to figure out for l'u.m or herself how to

- - ',

* . pronounce a new wotd than would the former . o : . o

%i ) 'me second major hmtatlon is that behav1ora1 objectlves would not
2 v

be~suff1C1ent — even if one were to specxfy the correspondmg cggmtxve o

. procu:.r)es. As stated by Scandura (1971) - .

"Because the charactenzing (processes) are
discrete, they can not account for behavior which goes
beyond the, given corpus, except in the most trivial-
sense. For“@xample, suppose the characterization only -
included (processes) for adding, subtracting,
multiplying and dividing. In this case, the student.
would be unableé to even generate the addition fact ’
(e.g., 5 + 4 = 9) corresponding to a given-subtraction

- fact (e.g., 9 - 4 = 5), although one might reasonably
expect this type of behavior from a person who was
well versed in arithmetic. One might counter, of S
' course, that it would be a small thing to sifiply add a W
new objectiv ~<‘»")or process to the original list (which
relates the original ones)... Indeed, this is : \
precisely the sort of reply one might expect from a .
person of the operational objectives persuasion. When
, confronted with the criticism that their objectives do
not constitute a ....viable curriculum, they would : -
simply say we can add more objectives. - o
*The trouble with this sort of argument is that
it misses the point entirely.  Not only would such an :
, approach be ad hoc ... but it would be completely
'infeasible where one is striving for completeness. . - ~
; - . «.It is sufficient to note that a new (process) would
N . - have to be introduced for every coneivable © -
‘ . : interrelationship and that the number of such
* , - interrelatjonships is mdefinitely large... :

_ \ S To allow_ for the une:’t__pected ,e(i.e‘_.,‘ to provide for ghe_ pos__s__i_b_l_ity of ~
' building creativity into instrhcticq), Scandura (e.g., 1971) introdcced
’ ' the idea of higher-order tules. Higher-order rules may be thought of as
' generalized strategies, i:ogether wit;h networks of inferrelated khowledge
 structures, by which new knowledge (i.e., new ruled) may be derived as 3

‘ /\ | ’
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- needed Thus, for example, even if the creatlve student has hot been
taught explxcxtly how to solve a glven class of przblems, the lX)SSlblllty

exists that he or she may. have learned general strategies (i€

R hlgher-order rules) meCh allow: one to derlve solutlon methods ! here. .

: f needed. Varlous kmds of hlgher—order rules have been demou':strated to be. .
valld for thJ.s purpose, rangmg from creation by anal:ogy, to conbmmg

v kmwrl informatlon, to automatmg ex1st1ng knowledge (as is necessary in

| .‘ achrevmg hJ.ghly skllled performance) For present purposes, it is

ey ‘
suff1c1ent. to. simply note that'many such hJ.gher—order capabllltles exlst

ana may be 1earned to good effect

i

'mEse ana other advances in oognztlve representatlm have led to b -
J mcreasmg recognftmn that tradltlonal task analysis pEr se is not in .
“itself suffxcxent for puﬁoses of i.nstructlonal desxgn. It is not | o
{ . suffxcxent to snnply 1dent1fy prerequislte tasks. For one thmg, methods
¢ | : are needed to 1dent1fy the - cogm.tive processes {i. e., kmwledge structures
., © . and processes) underlymg such tasks. tﬁy; purpose, vanous methods
| . rof cognitive task analysis have been mt ochced mdependently by a number
o( mvestlgators (e.g., P F. Mernll, 1982 Pask l975; and . . .
Scanaura,1971) » 'I’he methods mtrod:ced by Pask and Scandura explxcxtly B
T ‘ ""‘“p’rovﬂe for the, 1dent1f1catmn of hJ.gher—order prooessesf/j L
| | Work on these problems has cuéﬁued throughout the 1970's and is
| stu.l mderway. No ‘one has yet develiped a method of cogmtlve ta’SKq
analysxs wh1ch both leads to behavxorally precise cOgmtlve

' .representatlons and is completely general, systematlc and objective;,

-1 . " . ) : »
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. s however, the method'of structual analys1s (e g., Scandxra, 1982, 1983)

iv

. appears to go furthet in this d1rect10n‘than others.
| = i : Although cogmtme learning 1s highly relevant. to 'instuotional
o design, ‘disc':ussionn_of this topic heré would take us too fa'r'_‘ field. It is
. s_ufficleht fox'c present 'p;ufposes to simply point out’ that introducing
: ‘higher-ordet rules into cognitive representat'ims (influding structures on
which ttfxey operate) , together with a getmeral purpo contrpl mechanism
wm;:h has heen shown to be universally available to school age ehildren, 4 ’
provi;ies a highly efficient dnd generalized means for explaini'ng, .
predlctmg and, w1th1n the limits of behavioral sc1ence, enhancmg .
- cognitive learnmg (e.g., see Scandura, 1971, 1973, 1974, 1.977) Pask
\; - ~( (1975) also has developed an amroach to explammg cogmtlve learnmg, |
’ albeit’ one based on d1fferent although potentxally compat:.ble pr1nc1ples.
v ’I‘hese advances in cogmtlon have provxded more exactmg ti.e.,
precxse and rellable) bases for critenon referenced testmg. Except! when
testmg w1th -respect to the sunplest behavmral objectives (e.q., being
_ able to state the capital of Virginia), the test items: associated w1th any
given cnte}mn (e. g., the ability to add mmnbers) are not necessanly
%quivalent In general, students wul pe;form successfully on some of the
items but not others. The questlon ariSes, there%ore, as to what kmds of

test itens an.} how many are needed foi any glven cntenon. '

c—- e e ==

@ -

'mo baslc approaches to thlS problem arose mdependmtly and more or
 Jess sinultaneously in the la_te 1960's and early 1970's (e.g., Hively,
Patetson & Page, 1968; Landa, 1974; Scandura, 1971; burnin & Scandura,

1973). Hively et al (1968) ,} for example, introduced the notion of item

» A

v

ot
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foz:us ',(he item forms assocxated w1th any given critefion (1n ,cntenon
r_eferenced testing) are essentlally categones based on the vmbl& forms <

of aasociated ‘test items (e g,,, as to whether subtract;on problems mvolve.

one, two ot three dlglt numbers). This method prpved useful in some cases '

in partinmmg ;tens into categones which were relatlvely homogemous,

in thesense that students tended to be either _unlformally successful or

unitormatly unsuccessful on items in any given category. - Where such
hanogeneity was achieved, cntenon referenced tests could be cmstructed :

by smply samplmg one or more items from each category (assocxated w1th

»

the corresponding cr1ter10n referenced obJectlve)
Despite theu; potential ut111ty, the basis for such categonzatlon

(via item forms) remained obscure and the od itself seemed to ‘work
¥ .

better with some kinds of content (cntena) than others., In cmtrast',
the methods proposed by I.anda (1974) and Scandura (1971 1973) are based
more dlrectly on cogmtlve processes, * Items assocxated w1th a glven '

criterjon are partitioned into equivalent categones based on the actual |

L

—
prooesses required for solving them. Thls amroach to categonzatlon .

ylelded a method which was at once both more prec1se and-;more generally

i

appllcable (than in the case of item forms) . _
ao L e ¥

*Whereas the methods proposed by Landa and Scand:ra can be

shown to bé ‘mathematically equivalent (e. g., Chang & Lee,

1977) ,"Landa v e immediately conce 11cat1ms
while Scandur m%rimarlly ooncerned oa -
. theoretical unpllcatlons -

. -

»

»
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_@anmra and his assoc:.ates (e. g., mrnm & Scandura, 1973: 8canduta,

.'_ .1973, 1977: Scandura, Durnin, Ehrenpnse & Wulfeck, 1977) furthiES . : 1\

' demmstrated. that the categones of 1tems assoc1ated Wlth a w1de vaneE\

h‘l [
'l'r!' .

of critericn referenced tasks were not only highly hanogemous but that
they were hierarclucally related, This latter result provxded a basls for
highly efficient sequent1a1 testmg. Not.only’could one restr;ct tfstmg
" to, as few as one item per category but one could infer success'er'faai'lu're
‘on untested categqnes on the. basis of the prescribed hlerarchlcal |
. : reletlmships among categories. Thus, as with tradltlonal task analys1s,
. success an one categery (task) would imply suécess on all prerequisite-
: ,v, o 'categones (tasks), while failure would imply failure for all

- -t »

. su{/erordmate categones (tasks). - - S
, Through the use of such 1nferenc1ng it often is posslble to ass:ess =
relatxvely oomplex capabllltles with as few as two or three carefully
b choosen test 1temS. Qndeed, there is reason to belleve that the
inferen\:mg potential inherent in such a scheme effectlvely systematizes
" ‘ ana is on a- paf with what sklllful dxagnostlcxans (i.e., teachers)
| W\ 'frequently do informally in the classzoom '
: \'Des%ng w}th respect to?underlymg processes has, been shc»m to have .

-/

: 'f/\addltmnal advantage of provxdmg an explxcxt basls for mstructlon :
(%?g., D.lmm & Scandura, 1973) . Bi-ause partlcular categories of 1tems

S .are assocxated w1th pagtxcular cogmt;we processes, it is possxb‘le to

. %‘inter Wlt.h consxderable precxslon th.Ch cogmtlve prooesses are known and

which are not.  This mformatmn, together with prespecified _relatimships
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_ mg the various processes, provxdes a precxse basxs‘both for determmmg

[ )

- what any given student needs to learn and the Qrder in wh.lch 1t nught best
' . R . . N \ .
= g be taught,” . . ' _
: ' IO
Many of the 1deas inherent. in the above were adopted eather formally

\
or otherwise in other areas of behavxoral scxence, areas ,rangmg from

-

assessmg stages of child development (e g., Selgler, 1979;. Wulfeck 1979) _.

to the systenatlc detectlon of 1nadequac1es in cognlhlve processes (called
' 'bugs') by means of gamputer (e de, Brown\& Burton, 1978) Reoently,

Smnchra (1981) has descrlbeq how the more basxc of these iGeas mght be *

unplenmted in a contemporary nucrocomputer envxronment. In the processy
o

o | he described a general purpose develognént system of thlS sort for N

—

N creatmg oarmercxally v1able seftware (e.q., Scandura, 1981 )~

In earller more basic research, Scandura (1977) had Bhown how smular
v

1deas oould be extended to arbltrarilﬂy\ complex domams of tasks, 1hvolv1ng

mdetemunately -large’ numbers of different educational -objectives; ‘Th "
_briet, this was. accompllshed by mtrochcmg and te ting with respe(;t 4to -,

““dets of underlymg rules, mcludmg hlgher—order rules. ‘With the

¢ exception ot a few advanced. prototype develognents (e g., Wulfeck & '
Scanmra, 1977) ’ however, very llttle has yet been done to mpltallze en
these ideas in more applled aspects of educatlmal technology.__\ o -
‘. 'Ib sunmanze, analysx? of the avallable llterature, and of\major

- presentatmns at‘natl‘cnal and mternatmnal synposxufns rlea\ds this’ analy(st
to the cmclusmn that a consxderable amount of mformatmn has been

b accunulated wtuch would be especially usefuf in the de51gn of_mstructlon

for dehvetybycomputer. T e " o
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One should not infer, however, that everyone agrees we know as much
e :' as suggested. about’ how to. design 1nstruct1cn As recently as 1983, for
T % -.canple, researche:s at some of the more mfluentmal N. I E supported R &
D centers have proposed that one of the najor challenges of the 80's w111
- be to determme hcw we can make. use in deslgnmg mstructlcn of what has
| been 1earned in cogmtlve psychology (e.g.. see Resmck 1981 Oordes.
1983). Similar proposals have been made- w1th regard to the need to study )
/.4 “gognitive learning Baring the 1980's. These calls for. "new" fesearch
. apf:arently stem from the facts that computer ;sim‘ulaticn‘ studies in
cognitiye science dﬁring the 1960's and 1970's were almost gxcliusiveiy
- cmcerned with cognitive. performance ‘and not "1earn1ng" (e g.. Newell &‘
* Simon, 1972). and tha/t the 1nd1v1duals respons:.ble either were not aware of
earlier research on cognltlve 1earn1ng (e.ge. Ausubel, 1968; Pask 1975,
| Scand.xra, 1971, 1974) or, for whatever reason. d1d not retc‘ogmze its -
‘ relevance. Given this 1muted perspectlve, it is easy to see why they
mght think of cognitive 1earn1ng as a new problem. ’

R If nothing else, these illustrations shw clearly how governmental )

rt of only ane line of basic research in an area over a period-of
time\(in this case for over a decade) can. 1ead to a "watenng of the,
weeds” 50 to speak. v mthout serlous competltlon in research, as in other
‘halks of 1J.fe, the country 5 knowledge lifeline suffers problems not |
unlike those attributable to other mmopolies. -
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- F T DESIGN IN CBI DEVELORMENT .
= . Developmg effectlve and eff1c1ent conputer J:zased mitructmn 1s ﬁot '

/

™~ ' an easy or mexpenswe task At a mm:.mum, it requ1res-~ consxderable
' i e

krmledge of canputers, or at 1east kmwledg%of hcw to program, 1nt1mate .

-

-famil;arlty w1th the subJect natter mvolved- and methods for presentmg
: i' the subJect matter in “ways that promote 1earnmg. | ‘ !
L . 7o aid the processr{ oonslderable attentlon durmg' the 1960's’ was ,
m . given to the development of CBI-type programmg 1anguages such as . ;
- GXH&EWRITER TUIOR, PIIm‘, etc. These languages are relatwely ‘easy to -
o . ’llearn and have been desxgned to fac111tate the selectmn 'and presentat1
S of course and test materxals?_ Whlle designed to: be general purpose and
e - | eaw to 1earn, the available 1anguages are nonetheless better su1ted to - |
L o : I developnent in some areas than in others. Moreover, the author is not
| only free but obliged to spec1fywtest and instgctional sequences, most .
o B '_ C CBI progranmmg 1anguages provide - 11tt1e gmdance in this respect. "In7
' effect, although hlgh 1eve1 CBI prograxmungrlan‘guages facilitate CBI
- _ autnormg, the process still requ1res oons1derab1e famllzarlty w1th
| computer prograqnmg, with Sl.lb]eCt matter and thn mstructxmal de51gn——a
'canbmatlm of knowledge and skills not easy to’ fmd in.any one
~mdiv1chal 'I‘hls fact a]most certamly has led as. much as an%hmg to the |
’.fmeven quality of current GBI systems. SN _ ~

To helg aﬁnehorate the prOblem, a growmg number of CBI speciallsts

.

have argued 1n favor o£ developmg authormg systems in oonbmatmn w1th




: / f\ |
. e : N * ".N
_ - general purpose - "dnvers'l (e g-s Scanchra. 19 1; Tennysoh. '1981)

Authormg systems a;low authors to create course ‘material usmg the ~

I
'l‘r’:'

English 1anguage and easlly. learned oodes. 'lm.s matenal is usually
‘entered into. authormg systems in response to spec1f1c promps and is A
’automatlcally coded 'lhe dnver' program, in turn. operates on the coded J
'Av'mater'ial (as data) ’ presentmg it in a predetermmed but potentxally
' cmd.ltmnal, sequence determmed by the driver and the student mputs _
(e g.. student responses to questlons) AL : '4,' oot
In. order for author/dnver systems to- functlon properly, vanous
- restnctmns nust be plaoed on the form of the course material. 'nus is .
. _necessary, for example, to insure that the dnver is ableito locate the
r1ght mformatmn at the rlght time, 'lhese restnctmns typlcally limit
e1ther the vanety of subject matter that can be implemented successfully o
" and/or the mstuctmnal effectlveness of the 1mp1ementat1m.. Thus. for
| example, whlle most subject matter can be "forced“ into a g1ven format the
A resultmg instructmn may be less than optnnal A
| In spite of the. prev1ously cited advances. few comnerc;ally avallable |
authormg systems make senous us; of mrrent knowledge conoerning
cogn1t1ve processes and/or mstructlmal theory—krmledge that is _
increasmgly available to the 1nstruct10nal deslgn comnumty but which has
. not yet be w1de1y used in CBI developnent , (The Rule-Exanple onentedaf
authormg system used m the TICCIT CBI” effort was an early attempt to”
S "funveinthlsduectlm) o _
. ‘Indeed, it_is well beyond the comnencally v1ab1e sta"te of the art"

- » o to cmtenplate at th1s t1me the development of cogmtlvely-based

‘\,,

o o T s T e
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* generatlve authormg systems that mght be used Wlth arbltrarily complex Vo

..and i:nteirelated,, content - There are, hwever, some kmds’ of content whl\ch G
~ & ;r,e suff’icrently well understood $ prov1de consrderable hope J.n thJ.s ' ‘

.‘ O g ( :
Con, _regar-d. As descrlbed prevxdusly, research over the prev1ous two decades

. provides qcns:.derable msrghiinot only into what has somtm;evbeen*'called
rule-based L(or algomthmc") knowledge, but also mto effectlve and - .

‘." ‘ ~eff1c1entm¥techmques for, assessmg the knoﬁledge of students\and' for \, e

N prov1dmg remed1a1 mstructmn. In ﬂus regard 1t shdulq be emphaslzed :

. . that many topics tradltronal‘.ly taught 1n schools can be reduced to rﬁle, \z’

e Y or algoritmuc, terms. The famllaar arithmetlc algcrlthms provrde a e | -

| {- ‘ stanthrd but harcT.ly exhaustlve 111ustratlon. ] lbst nanlpulatlms of - ‘. » |

o concrete objects, as well. as‘ gramnar (addmg "ing to words), for example,

1end tﬁemselves read11y to thls type of analysls. | . "

N In splte ‘of the re1at1ve complexity of cogmtrve—based development v

: systens the advantages of such methods would have a number of unportant : _ |

. ;consequences. In. contrast w1th flxed—content authoring systems, such as

- o 'have been descrlbed above,g content would be hﬁtxmately tied to the -

_ '- | " ' underlymg cogmtlve pmcesses nee‘ded for mastery. In tlus case, rather

| . than havmg te prepare all mstruct_r_\ questroqs, answers and"’Peedback'

o '.Ilulm advance, it 1s posslble I}O env1sage (BI systems m whxch.directlons,
questlons and other 1nstructibna1 content are generated by the computer on’
the "fly" sotospeak, as 1?’1sneedadbythe ssudent ‘ Inthesameway, :

dragnostlc testmg and mstructmnal remed.ratlm would follow: naturally R
" from analys1s of - the underlymg cogmtrve requrrements of the..Content m o
L fthe manner outlmed above.‘ . '._ o .';":‘:‘T'

s PR o . R, .-, -




J _,_ The si.mé].est examples of “this type of CBl gystem, undoubtedly involve_-
Ty e simple dnll and“‘practice Such: systems currently are available from a
| = l: number of comercial publishers.
| A more general and ambitious CBI system of this sort is_the general -
" purpose me'rutor, (e.g.‘," Scandura, '1982)% This system takes as input a
-"calputer coded version of the:rule or rules (i.e., cognitive processes)
) needed to solve the class of tasks at hand. When this code is combined
witn the general purpose Rule'rutor code; - the result is a rather

sophisticated diagnostic and tut,onal instructional system for teaching

e

and testmg the assoc1ated content Given the- rule code, the RuleTutor
. generates prohlems as needed, presents th@ to the student, grades them
ana automatically presents’the needed J.nformation. v ,
‘ As it stands, ‘the RuleTutor lacks one uaJOr requirement for a full l;)
fledged comp\.lterized authoring system. While the RuleTutor- provrdes a
significant degree of generalized instructional intelligence;, it does not
'eliminate the need for programmng. In particul\y/ what is needed is ‘the
'equivalent of a carpiterized technology (method) for structural (oognitive (N
tasks) ‘analysis. And, as noted above, while recent progress has been* made SN
in this direction, the level of research effort requir;:d to bring such
technology to.fruition at present.largely/precludes such development in a | -
. . commercial context. | | | ' " “ |
gbre generally, in spite of these positive uses of J.nstructional
; .“ o systens design, both real aﬁd potential, cmsiderably more attention in

!

[ P“ :fj’u
4 _ future basic research n'ust be- given to the dynamic, and high:]._y: mteractive .

+
L,

‘. mture of CBI systeps The fumhmental nature of such mteraction, and
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1ts relat1msh1ps to cognitive 1earning, need to be bet:ter understood if

—

we are to realize the full potent1a1 of mstructmnal Bystems design in

) v
&/CBI develophent. - : ¢ :
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- : \'A 'H'IE USE OF TECHNOLOGY IN I}B'IRUCI‘ION

The technologles used to promote learnmg in schools range. from the

e
"»rp ."

. printed page, blackboards overhead pro:jectors, etc., on the me hand,
and;- on the other, to televisim and other electronic .forms of : \

communications and oomputers The main thing all of these techmlogles U

) have in cammon is that they can be used either well or badly. Their ‘
effectiveness in promoting learnmg depends far more m the vxabxllty of -
. the content and on the way the technologies are used, in most cases, than | -
¢ on thé technologles themselves. This fact has been demonstated numerous
a N tunes in educational research by the lack of rellable effects attributable
to partlcular technologles (or to instuctional methods per se, e g., _

- . . : < L.
S Scancura, 1964) . | | e A

L4 .

- The present analysis is concerged exclusively thh the advantages af.d/
lmitatims of 1nt_;ract1ve tedlmlogiea.‘in edacatlon, most especxally with
those mvolving the use of oomputerf. Interactive technologles by .
definition involve fwo-way commmication as is the case with "live® o
., instruction (and 1nstruct1m by eans of tele-cammications) . Until “the -
‘ advent of omp.lters, with the exoeptim of outmoded ‘mechanical teachmg

\nachmes, essentxally all nonhuman qges of technology for instructmnal

purposes mvolved one-way” oommmi_ tlm. Indeed, this’ lxmitatio__n is
1 pzham the prunary reason that levision has neirer achieved the . )
’edncatidnal impact that was once forecast. : e,

At the present txme, the compt_ter has three major but quite . ,

—

disti.nct.we roles to play in instructim- (a)_ as an object to be

Q
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.- understood both in relationship to the circimstances and society in-\which .

] L we live and as useful means (when combined with appropriate software) for

__..: getting things done more efficiently, {b) as an obJect of study in its own
" right, as knowledge and skills to be mastered ax{d (c) as a means o’f

assisting the learning process,

. Regarding the first role, computers are certain to have progfessive
f 4 .- ana far v-reaching effects on future soéiety.' Developments have reached the
point 'whe’re eyezy child must achieve some degree of computer literacy, if
nothing else but to understand what " is happenmg«m the world arouna him
" or her, Since most edJcators feel this need personally, omsiderable
{ : »attential is being devoted to this problem and little more will be said )
" here, ' 5 '
The second major role for conputers in education is sometimes equated
with the first but, 1s suffxcxently different to warrant .separate .
consideration., The emphasis in this case is on the camputer itselt. 'l‘his
includes learning how computers operate'and developing the knowledge and
skills necessary for getting computers to.do what ane wants (e.ge, | \
- 1garning to program). Just as students should become as ve‘rblally_# and A
¥ ‘ nathenatically literate as possible, few educators would deny the need for -
today'-s youth to get as much training in thege areas as they can
rea7§1ably abmrb 4 | ,
'Some proponents of calplter training, however, go cmsiderably beyond
'these ad'nirable 1s. 'l'his view seems to ‘be especially w1despread among -
- o proponents of theﬁcxn programning language (e.g., Papert, 1980). In
: general, these indxvxduals view learning in a manner analogous to the long

N~

Id

\)‘ < . . .< I R 3 . ) ~ '.
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’ discredited "mental discipline® view that dduinated‘ed.xcatiorial thinking

around the t;urn of the century. ‘ To wit: By learning to program, a person
develops such skills as 1earnmg how. to 1earn and how to create. As it
has been put, they "1earn how to control- the conputer instead of being '
controlled b, it.” ) It is undoubtedly true that studefits who learn how to

program n'ay learn (in varymg &grees) general higher level skills m the -
’process. But,learning to pr@ram is ha.rdly unlque in this respect.

ngher level skills are a potentlally naturai outgrowth of any

we\/ldemgred 'learnmg experience (e.g., see Scandura, 1971, Chapttar 1)
' l’.earm.ng to program is a.valuable skill and should be taught in

schools. It would be d mistake, ‘however, to think that learning:LOGO,. for

example‘, is a viable substitute for, learning nathematics or any other

"subject matter as has sometnnes been claimed (e.g., Papert 1980). To be:

_ sure, schools need to put as much enphasis as possiblé on aoqulrmg

‘ learning skxlls, but thls should be done in a variety of content areas,

not just in learning to program. As stat&d -by Professor Robert 'nennyson

of the Universxty of anesota (personal communication) "ID(D at best _
deals with processes — but without a lemwledge base, pro_oesses are
11m1t:ed in utllity " '

e,

Just as with the new: math of the 1960's, perhaps the greatest

1im1tat10n of the LOGO movement 1s ‘that 1ts effects renam undocumented
‘despite m.illims of dollars of federal mmey used to support its

development: To use the new nathemt.’_tcs as'an analogy, it is not unlikely

‘that over _e@hasis on, LOR as a means of :achieving more gener_alized

ed.:catioﬁal objectives could result in the equivale:ﬁt of 1earnin§ ‘the )
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.hngmge! of mathematics (e.g.- " aéta'." ';elatims' 'fmctims and even
. ' theorem proving) with correspondingly lesser ab:l.lities 1n us:l.ng
nﬂmtica to solve problens ‘The moral of the story, as alﬁays. is all-
things in proper proportion.

" The third mjor role conputers can play in prcmting school learning

L 06 S ARESARAY I vps; .
. ri ! |
oy A e .

. is in GBI Immentimedabove, previaﬁattenptstohtroawe(xlona
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large scale were largely msuccessful. The use of time aharing systems in |
vhicbmecmtralcoupmermcamechedtoammer- f.t:am.imla '
typically offered variable response times and. forﬂie mpst part, limiﬁed
graphic capabilities. E o ,I L _" |

e S,

. me e

. m part because of these hardware limitatichs, the maﬁ ,pxccessful )
 early a;plicatims of CBI tended toward drill and ptact:l.ce althoudm
some of the larqet. betteﬂfunnced (but canneréially unprofitable) '
amlicaticns. such as Omtrol Data's mno (which 1nc1|ﬂea aophistic:ted
| 2/ ;hics) featured tutorial CBI system as well. | ' .
The variety of’ catputerized ed.:catimal systeps which exist today
T - largely defy neat categorization. Nonetheless. cglteuporary CBI software
ST
T drill and practice, tutorial eystems, and simulaticns and emcatia;zil,
aothlling: Drill end practice refers to thoee?l systems which are

N R SR S LU S
..

< ey, -

fall into cne (or more) of three nonexclusive categories:

dssignéd primarily to exerclse previously learned skills. In arithmetic,
: , ' for example, good drill and pracr_.ice CBI systems attempt to build on
3 > l,'tlﬂenii»fmnilmity with computational algorithms, providing praétice .

N\

+
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which leads to higher levels of skill (i.e., to faster more accurate

S performnnce) . Drill and practice systems have been developed ‘for a w1de
- . variety of topics, ranging from enhancing typing skills to expanding

e
;"’r“‘ '

fore‘ign language vocabulary., Generally speaking, today's low cost
microcarputers provide a. highly cost—effective means for developing and
. ‘ delivering drill and practice CBI, a fact ch has not gone unnoticed by
e ,emcanmal publishers, - / ‘\7' oY e
Aa the label J.mplies, tutorial CBI systems are designed to teach new ’
informaticn as well as to excercise previously available knowledge
Building ‘on the previous illustration, for.example, a tutorial CBI system
in aritnnetic might explicitly introd.\ce a student to the catputatimal
algof:itnns, rather than Just exercise prev1ously acquired algoritms.
Tutorial systems canh ‘be envisaged in almost every cmceivable area,
. ,ranging from teaching basm concepts and pr1nc1ples (e.g., rules) to |
- teaching canplex, highly interrelated bodies of content Generally
speaking, to be classified as a tutorial system, the informaticn taught -
must involve more than simply learning new facts (e g., %s in learning new \ -

vocabulary) . The lafter generally can be learned:by si.mple drill and-

\
. .

' practice. A _ ‘ | ] -
The simulatioh and educational modelling category is less well

| defined becapse the available CBI systems, which might be so classified,
. - range from serious edxcatim,to pure amusement. One could argue that " .
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. every well designed CBI 'system' has some ed.lcatioqal value — even _PAQ*IAN :

- probably has some redeeming features. 'l‘he.releVaht ed:cationai "questidh,
\‘ ..‘ ty o
: -.& as always, is the value of what is learned when Judged in terms of&.he

: \time spent, and part:.cularly whether all or some of that time might be

Dbetter spmt on other activities. , N\

v

need not) emphasize instruction by

Unlike tutorials, which tend (b
;rerbal méans, simulations emphasize instruc’tim by illustration. | In"the '
simplest cases, for example; a simulatim mght consist of 11ttﬁmore
1 t.han an anmated visual 111ustrat1m showmg, say, how an. internal

\\ oonbusticn engine operates. s C v - B

) This type of simulation, of: course, might just as well be ]
aooanplished by film or/a mechanical modellmg deVJ.se. As with all CBI
i | | applisatmns, simulations must be 1nteract1ve if they are to fully utlllze .,
~ | the . ilities of the compater. - '

this same vein, ed:catmnal mdellmg may range from the tnv:Lal .

to h1ghly interactive models #ith’a serious edJcatJ.c_nal me_ssage. _In the

latter category, for e e, Howe (1982') and his associate‘s at Edinb'urg'

and Bork ‘and his associates at .Irvine (1982) have developed a number of:

ingenious CBI systems which model significant segmehts of science (e.g., :

.mechani'cs). ' Thyse systems are highly interactive and a’ré desigrea ,so that |

L ° the student learns (or discovers) scientific laws governing the danams in
. quest:.m as he or she interacts with the systems.

'no smmarize, all three kmds of awhcatlm have a valuable role to

{4 .
R R

P
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' aoquue a sxgniflcant portmn of what might be known
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play. in inetruction'. Dr111 and practice 15 best where students need a.
tugh level of skill in a dell defined area. ﬂ:torxal systems are best

where what must be 1earned is clearly defmed and where learning shOuld be‘

as efficient as poss:.ble. Simulations and edxcaticnal modeling are best

3

.where the deered learning is more diffuse and/or less clearly defmed.
‘-In this type: of situation., one wants to introdﬁce stude%ts to as wide a
' variety of related sxtuatlon;s as is feasible in the hope that they will "
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VI. OONCLUSIONS A‘m RECOMMENDATIONS

W
. '(r:' '

v Unlike nany other countries where the federal government determines

emeatim}l policy, state and local governments in the ‘United States,

. traditionally have been responsible for - the implementatim of school
aurricula, Indeed, the rate at which educat ional technology, particularly
in the form of microomputers, is be:mg introdxced into schools across ‘the

: "country attests to local wisdom in this respect _ | |
As regards the federal role in instructional technology, the above
:arlaiysis clearly demonstates the following- (a) Technology and : ‘
| :-particnlarly low cost microoang:ters ‘have a very definite role to play mf
| education d.\ring the 1980's and beyond These roles range from \ )
o inXorating the study of technology into school curricula to. the use of‘ .

, te logy to improve instruction in other .areas. - (b) Although CBI - ‘_ ‘ ,'.*

' .. o . systems have been of variable quality, the 1asteéuple~of yeats ha

. ,. 'v witnessed rapid growth in the quality of edleatimal software. (c) while

Ty much renamstobedme,wehavelearnedagooddeal aboutcogmtiVe ‘ ‘

S o %earning and instructimal processes diring the past. 20 years, (d) Very

1itt1e of the software which presently is available carmercmllyc Jtakes

3

Significant use of this kmwledge base. R .

\

The, foregomg analysxs also shows that past patterns of federa] ‘
. involvement in ed.xcational research gene’tally, and educational technology

-~
=

w??
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— - in particular, have ‘been less than optimal in their effectiveness,

o

W
i:-r“:" . ‘.

Specifically, the concentration of résources at a smll number of R&D =
centers and 1aborator1es has greatly diminiw research catpetition and
effectively robbed the natim of badlxceded intellectual resources.

Horeover, r@ent plannmg documents released by the N.I.E. suggest 'tnat,

' ,while serious questicns are being raised about the lack\of research o ,'

v

o '-canpetitim, ,the concept of- R & D centers per se could still be

sacrosanct.‘ ‘If 80, this could be a serious mistake. .Glven rapidly
-

increasmg international competition from Japan and elsewhere\g as well as

-

very real cmstramts on the federal budget, it seems .’unperat ve that the

rd -

| ( role of -the federal government in ed.:gatimal technology be reevaluated <l

q\ . \:‘—

) wn:nout preconditions. L L& } IR _ '_ o ,\ v
'mese observations lead to the following recaunendatims |
(1) Experience shows that ccmnercmlly v1ab1e, large scale ,

o developnent efforts in edxcational technology ray’ far more eff1c1ent1y be -
ghancxled by the pnvates sector. In the present v1ew, government at all -
..,1evels, specrfically inclading the N.I E, labs and centers, sbould . L

'grad;mly mthdraw from such efforts almost cmpletely.~ ‘Whatever savings \

o accrue at the federal level from such changes in {sshould be

“ -.-.,»_,A.v._..,‘reallocated to basm research in instructiqnal techno109y and to the - S
~dével opny of advanced prototypes. )he resulm of such efforts should - ‘-

draw.
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. | N (2) Although the long tem payoff of - basm research has been proven .

—

-7 time and time again (as described herein in the oase of edxoational

.: tedmology) 2 the results typically obtained are suff1c1ently general and~—\

.
<

: "-"é imnediate payoffs ax:e 80 mpredictable in any speciflc case , that it
* IR uould be’ mfeaslble, and rarely cost. effective, to expect significant ks
| | : direct Bupport “for this- type of effort from the prlyaEe sector or from _,\b

A

states «and local goverrments. S |
- The federal goverment, therefore, should oonlcent;ate its efforts in - o
Iechcational technology on those thmgs that~can only or most eff1C1éntly
e | be done at a natlonal IEVel. In general, this means an emphasis on basrc
research,\ includmg relevant 1hstruot1onal theory, instructional systems

" design, and the development of advanced technologmal prototypes and

general mformatmnal serv1oes not otherwise attamable. SRR )
\. . .

(3) rSmoe the‘value of 'basic researgh is primarily contingent on the

o
C¥e

. mrth ideas rather than smlply nagnitude of effort, federal support

should be d1rected toward those mdiv}duals who propose the most promsmg ,
CEAN - !

progranmatic efforts and who have denmstrated the ab111ty to carry such .~ -

EF . \ e -:ﬂ i

‘ B ef£0rtst0fruit1on. =t . a ‘

1 R Speciflcall whenever feas;ble, a;vanety of approaches should be
S

= L7, s '

fmded > As thrs analysis clearly shows, putting a!ll of one s eggs in one

N

)

, . .-‘ﬂ | basket is a ser1ous mistake when it comes. to research and advanced
L developnent. : A var1ety of smaller progranmatm efforts over a per1od of [,
: tnne has time and time again prOVen its worth over the cycl1c fadlsm which

et ) 4 ¢ s
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too freqtmtly has characterized behavxoral research .
(4) In this regard, because of the time and often- unprodx‘ive effort \

' involved in preparing proposals, federal officials should give more _
| ‘, _zing such éfforts (and cprrespondingly to placing

o "_'more enphasis on "end proa.lcts ) and to OOBt—henefit analysis of the 3
likely benefits of holding "open caxpetitions when less than, for
exanple, 25% of the proposals can be funded

R X NE
- L A
e ‘ L

- ._? . nxperience at other (non edJcaticnal) research agencies suggest that '.f_.__':

T is far more efficient, both for agencies and proposers, for the B

agencxes to make preliminary Judgements based on brief letter proposals -_—

| if . necessary with expert opmmn frcm outside the agency. More conplete '
“ f " propogals in such cases. are only requested where there is a reasonably

high possibility of flmding. To insure that carpetitive ideas are fairly -

,I
evaluated, reviewers at’ a1J. levels should both be compensated’ for their

o

time ar’id held accountable for inaccuracies or bias in their rev1ews

. ‘, : (Minimizing bia.., for example, might be accarphshed by naking revrewers R
s ,\; : e
known to proposers; this practige also might prov:Lde a useful mechanism

- for clarifymg misconceptmns,) Societal needs in instructional teclmologyf{_l_;ff -

are too important to .grllow form to stand j_n the way of subst ce. SRR

(5) Recaunendat'idis (3) and (4) implicitly assume that the congress

o ‘: \\ will recognize bcth the very real needs m instruximal technology and ""‘.;"'jlﬁf .
the problems which have arisen as a result of mncatpetitive fundmg of« o
the N.I.E. centers and la_borat_ories. It also: assm:es that ‘the Congress

e
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amarent, both to thJ.s reviewer and to everyone who has rev1ewed or .

L ,ana laborator{ funck) ;. the defmition of what constitutes a center or .

‘.

otherwlse reacted to thJ\S report that research funds ‘should be.-increased

to the extent that budgetary conditions wi.ll allow. . 'me'; are'::few areas = ‘
that. oould ‘have more jbearing o the futur""""

eqnpetitlveness of Amencan . “Q.

Yo
-

. . _'.J Py W
soc:.ety in a technologlcal world ) S o f‘ S

:r‘ P

“In the ‘absence’ of: Congressicnal reallocat:.on (of the, nandated center )

e.
.
o .

laboratory should be mod1f1ed B0 as to place the enphasis on small (
cmpetltlve programnatlc efforts by independeﬂt researchers and thelr _" .

associates. In thlS oontext, fo: example, :lt could be a senous_mstake - :
to start g_\g new'pmter or. laboratory in educatimal technology, ot '
/because more prodramatxc efforts in thJ.s area aze not - (baclly) needed '_ It," T |
would be a inistake because such a center w:)uld 1nev1tably end. up dom:.nated ’

by me or at moet two or three themes to the exclusicn of otherwlsé -
eqtnlly curpetltlve ideas.' » I : y Lot " ‘ 0 |

.\ better way would be to fund a varlety of; »snaller, catpetmg

. progranmatlc efforts by- leadmg investigators, under ca\ter or laboratory 7
' ausplces. 'I‘hese leadmg :anest;gators would normally be scattered at

N

Q- . . Cy ” . o "v:.l g N .
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various locatims t.hroughout the comtry._ Rarely are the best people at

;i“?e institution.t - | | | N
»
-

Bl
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A ey S : .

.‘:,‘-?“._ T, . . L —

R

o,

._‘

~Interna".t cemter/laboratory caummicatim would not be ‘a

,probian in_-this case because of the scientifically competitive

nature of the respective efforts. Periodic scientific meetmgs-

-, and modern’ telecommnijcations would tend to minimize »

unproductive political activity and bé ‘inore than adequate for
scientific exchange. Evaluation of the various programmatic
efforts within such a center might best be accomplished by

independent and philosophically balanced teams of experi:s fro'u’n
"outside the system. S
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- " pork, A. ?ublic mderstanding of science via computers, . : Papergwen
ke at AERA, 1982, | : -

:’-:ﬁ-'

Self descnptwe. T 1 .

PR .\

N B "'. ,'_'a:‘."'v' o

Brown, Jde. s. A process model for a generative theory of bugs. Xerox Pe;o
Alto Research Center, 1980. '

Describes. canputer models for identlfying sdurces of childrens
" errors. . |

Chang, C., and Lee, R, Symbolic logic and mechamcal theorem proving. ’
New York: Academc Press, 1973, 210-231. ,
”
A An advanced text dealmg with. nathenatmal foundations upon
A wtndh J.nstrucnonal theory has drawn. q
:.\_",~E‘.i!,\? : .

Cordes, C. Search goes on for. 'best" uays to learn smence. APA Monitor; -
April, 1983, o . .

Refers to pxrportedly new problems and SC1ent1f1c advances.

Crowder, N.A. Automatic tutormg by means of _mtrrnsicprogramng.
~ In E.H., Galanter (ed.), Automatic Teaching: The state of the art.
New Y_OIk: Wiley' 1959 2 109'1160 ’ ’ .

An garly discussion of teaching nnchines;
purnm, J.H. and Scandura, J.M. An algorithmic approach to assessing
. behavior potential: Comparison with item forms -and hierarchical
analysis, Journal of Educatimal Psychology, 1973, 65, 262-272.

SRR Describes a theory of diagnostic (criterion referenced) testmg
o together with supporting empirical data. -

. . Farley, P. 1980 Editorial on NIE priorities. Educational Researcher,
N \“ - 19810 . . ’

""" A criticism of NIE priorities.

Gage,,'NJ.- 'I‘heories of teaching. In E.R. Hilgard (ed. ) Theoties of
- learning and education: Yearbook of !htmnal Social Studies Education,
1964. ‘ : -

Provides a general overview of teaching theories and thezr propertzes.

R T Gngne, R.M. The aoquisition of knowledge Psychological Review,
ot . :-1962, 59, 355~365.

- An early intrpd:cticn to task analysis, .




Gagne R. H., and Briggs, L.J. Principles of instructicnal design.

SN 3:‘ A widely used text in instructimal design,
=k

* Gagne, R M., Instructional psychology. Annual review of, ;sychology, 1983,
' 34, 261-295. . y %7 1

A recent review of theory, research and development in
instructional psychology.

Glaser, R Instructional psychology: Past, present, and. future. :
Muerican Psycologist, Harch, 1982, 292-305. ’

'K recent summary of one perspective on mstructional

psychology. .

Hively, W., Patterson, H.I.. and Page, S. "A "universe defined" sfstem of
aritmmetic achievement ‘tests. Journal of Educational Measurement, :
'." 1968' 5' 275‘2”0 : 4 .

. - Describes and evaluates empirically the use o; item forms
in criterion referenced testing.

Howe, J.A. Iearnmg sedondary school nathemtics through progranming. An
excercise in cognitive engineering. Paper’ given at IAAP - :
congress, Edinburgh, 1982. ,

Describes several 'experimmtel CBI systems, T

landa, L.N. Algorithmization of learning and instruction. Englewood
Cliffs, N.J... Educational Technology Publicatims, 1974,

~

Describes a cognitive amroach to’\instructional design.

Mager, R.F. Developing attitude toward learnmg. Belmont, Ca.:  Fearon,
_ 1968. . / ) ‘
{/ ' . Deals with behavioral obJectives.
~ D

',Helton, A.W. The science of learning and the technology of ed:cational
s methods. Harvard E‘ducatimal Review, 1959, 29, 96-106.

An early discussion of- the relationship between the psychology of
Z learning and instruction,

~ I.'l

rrill, M.D. Synopsis of an analytic approach to mstructional design.
Journal of .Structural Learning, 1979, 167-1‘71. -

\ Self descriptive. ' ' " o | S, .
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Herrill, P.F. Top-down analysls and structured programnmg in rule AT |
diagnosis.. Paper given at AmA, 1982. .

Discusses relationships between programming ooncepts and the
structural learning approach to diagnostic testmg

—: ENewell, A, and Simon, H.A. Human problem solving. m«;lewood (;liffs,
T N.J.: Prentxce—l-lall, 1972, ° ' '

Describes a long-term pffort in the cmputer simulation of hmnan
thought processes. P , . .

‘Novak, J}.D.‘ Analysis of Concept Learning. New York: Academic Press, 1966.

Descnbes ‘a conceptual approach to instruqtion. 4 § [

Page, E. 19w 'Editorial on.NIE prlorities. Educational Resear‘dher, 1981.
‘A criticmm of NIE priorities. ‘ L / v

Papert, S Mindstorms: Children, carputers and'powerful ideas. _ N.Y.:
Basic Books, 1980." '

Describes the I.D(O programning language and hypothesized relaticn- :
ships to children 8 1earn1ng.

— Pask,lg_;s Conversation, cognition, and learning. mterdam: Elsevier,

E ' Describes 'cmversation theory,' a systems perspective on human
. interaction. . ‘

Popham, W.J. and ‘Baker, E.I. Planning an instructional sequence. Englewood .

Based on behavioral objectives. EE [

| Resnick, L.B. Instructional psychology Annual review of psychology, 1981,
32, 659-704 .

Reviews research:in ingtructimal psychology, Jich of it condxcted at or
in conjunction with the LRDC in Pittsburg. 'Also proposes that :
developing instructional implications of cognitive psychology is

a major "new" problem for the 1980's.

Scandura, J.M. An analysis of expository and discover mbdes of
problem solving instruction. Journal of Exper , 1 Educatj.m,
196" 33' 149-159. ¢

- | A series of studies demonstrating that minor within meth?:d differences
: may have a greater effect on: learning than differences between -
methoas theuselves. Lo

L]

Seanchra, J.M. mthemtics.. Concrete behavioral Fomdations, New Yd&c-

v
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‘ Barper & Row, 1971, 3-61. _
—=- .  Text m mathenatics and methods for teachers.

Scanaura, J.M. Deterministic theorizmg in structural learning Three 1eve1:
of empiricism., Journal of structural Learning, 1971, 3, 21-53. _

N
. e '

o Basic introduction to the structural learnmg theory and
D -research methodolgy. - . o ;( .
/ ‘. ' - . oLl

' Scandura, J.M.. Structural learning I: Theory and research. I.ondm/N‘ew
York: Gordon & Breach Sctience Publishers, 1973. S

.- , 'nechnical and~ more, oaxplete source on structural learnmg.

s<anmra, JM. The _role of higher-order rules in problem solvmg. oyrnal
- of Experimental Psychology, 1974, 120, 984-991..‘_._1:; . ' <

oA T Experiméntal demonstratims of the role of higher-order rules. oo

" - Scanaura, J.M. (ed.) with contributions by Arbib H., Corooran, Jer Domotor,
b ‘-Zo' Gr&m' Jo' mven' Ko' mll, A.' RO r P.' mra'
J.. Shaw, R., Simon, H., Suppés, P.,.Wittrock; M., and Witz, K. ,
R " . Structual learning II: Issues'and a;_proaches. Iondm/New York: h
o ‘ Gordon & Breach ce- Publi&herb) 1976. i .

" © A wide vanety of oontributims, e‘r’ghasizing structural?prooess
' theorz.es of learning and instructloq. N

Scanmra, J M, Structural approach to instructional problems Amencan
- o Psydmologist, 1977, 32, 33-53, (a) . :

' Lists and shows how a nmber of purportedly new" problems had
already been solved.

. N\
Scanmra, J.M. Problem eolvmg- A structuraD/prooess amroach with
instrictional mplications New York: Academic Press, 1977 (b)

Theory, research and methodology in problem solving, with direct
reference to individualized instruction. Also .compares and
- , contrasts various lines of cognitive instructimal research,
.” especially in Chapter 15. ' ‘

N . . Scanaura, J.M. 'Iheoret1ca1 foundatims of instruction: a systems alternatm
- .to oognitive psycholOQY. Journal of structural learning 1980, 6,
347-393.

self flescriptive. ,, ‘ ’
, N Sammra, J M. Hicrocouglter-baeed system for authoring, diagnos
. and instruction in algorithmic content, Bducatimal 'nechno'léy
‘ : ] 1981' 13-190
| 'Self descriptive,
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Scanaura, J.M. Problem solving in schools and beyond: 'l‘ransitions A
~—%* . from the naive to the neophyte to the master. Educatimal Psychologist,

- - 1981' 16 139‘1&. - ) . B : . ¥

Describes a theory explaining the ogression froiti.naive to expert

Spand.u:a, .H. The general purpose Rnle'mtor. An‘intelligent CBI,
system, Paper. given at the American Educational Research
. Association, ‘New York, 1982 and other meetings, . -

I n
urrp .',

One of a series of talks given at national and internatimal meetings
describmg a oogmtive-based CBI develognent system, .

-Scandura, J.M., Wulfeck, W.H.,II, Durnin, J. H, and Ehrenpreis,- W. ;
Diagnosis and instuction of higher-order rules for solving . 1~
geometry construction problems. In J.M. Scanchra, Problem: $olv1ng,
York: 'Academic Press, 1977, 437-458, el

/

K structural analysis of a complex domain of mathematics.. -
Seigler, R.S. Issues in studying developmental change: .An editorial

sumpary of a contribution by R.S. Seigler with comments by .
W.. Wulfeck. Journal of Structural Learning, 1979, 177-179.

Self descriptive.
Tennyson, R, The Minnesota .a'utl)cring _éystem, AERA, 1980.
Self descriptive. . A _ . e
mlfeck, W.H., and Scandura, J.M. Theory of adaptive instruction with
' application to sequencing in teaching problem 5olving.- In J.M.
Scandura, Problem Solving. New York: Academic Press, 1977, 459—478.

Describes and evaluates empirioally an advanoed couputer-based
~ learning environment. N
3
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