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ABSTRACT

The impact of programed instruction on the
educational system has been minimal quantitatively and qualitatively.
In the interface between education and programing there are serious
weaknesses in the design of materials, severe problems in the :
economics of design and use, and an almost insurmountable gulf |
between the philosophy or point of view on which programing is based !
and the present thinking of most school systems. Two areas in which
the technology needs further development are in the analysis of the
structure of knowledge and in the approach to cross-curricular skills
such as creativity, critical thinking, and inference techniques. The
unnecessary duplication of effort which is common in programing
instruction today has led to a waste of financial and human
resources. There seems to be a philosophical conflict between the
emnpirical approach of the adherents of programed instruction and the
idealism of the process-oriented educational philosophers. (Author/JY)
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NN The programing of instruction is a process of designing
i instructional materials and systems which results, if followed -
I‘; to its full extent, in a rationally constructed and empirically
validated product or set of procedures. The process consists
. of five basic steps:
f . , 1. Determining the objectives of instruction in order to,
i
: a)describe an observable performance of a student whe has
{.
i . ' * completed the.instruction, b)make clear the conditions under
- which students will demonstrate mastery of the material and
(;j . ' c)establish a standard of acceptable performance.

2. Designing and evaluating the "criterion measures" which
would rate students individually on a scale of attain-

ment of the desired knowledge or behavior.

3. Testing potential student groups to learn their charac-
teristics which will determine, in turn, the design

of the lesson..

4., Selecting instructional media and preparing instructional

-
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5. Refining the product through try-outs with individual
students until effectiveness reaches satisfactory levels.
This process is then continued with increasingly large
groups of étudents until effectiveness proves satisfactory
in approximately ''real" situations. The materials are

finally "validate&" by publication of a complete descrip-

tion of their performance in ferms of their effect on

specified groups of students under carefully described

conditions.

Programed materials, therefore, cannot be identified by any

‘'single format. The only observable distinguishing characteristic

is a product description, providing the consumer with the complete
set of objectives, matching criterion measures,and data, drawn
from research with students, which support the claims for the

teaching effectiveness of the materials.

The impact of programed instruction on the educational system
has'been minimal quantitatively and qualitatively., "“Software" is
one very important problem: when considered in relation to their
proposed'intent to truly individualize instruction, the quantity
of prqgramed materials available to the schools’is still miniscule,
On the other hand, schools generally do not require effective

products and methods because administrative innovation has not

proceeded at the same rate as instructional innovation.
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In sum, programed inséruction is not fully ready for the.'
schools and the schools are even less ready for programed instruc-;
tion, In the interface between education and programing there are
serious weaknesses in the designing of the materials, severe
problems in the economics of design and use, and an almost insur-
| mountable gulf between the philosophy or point of view on which °

programing is based and the present thinking of most school systems.

Wehlinossns in _tho tgchnoloqg. A sigﬁificant problom in the dosign stags is

the selection of appropriasto objectivas, In indusiry and in military organizations,
| vhera programing has had consldsrable success, thare exists an ultimate |
referance agai'nst which ths appropriatensss of tha objactives can be tested,
namaly -the job for wﬁich thz man is being trainﬁd. This is not to say that

such job dascriﬁtions are nocessarily simplo, especially uwhan interpersonal

relations are involved, such as with salesmsn or managoment trainges, Howsver,
whére such a job exists as a reforence against which instructionel decisions
may ba validated, lean brograming makes obvious sonse, One can datermins
standards, which may includoe afficiency as wsll as effectivonsss (ses D,
Mafkla, 1967b), and build instruction ffom this andpoinﬁ backwards, In ths
educational sottingy Qith no such outsida referencs, the inétrqctional
designar is usually thrown back upon ths more or less illogical contanf
couﬁrage found in existing texts and syllabi, With a few possiblo exceptions

in some of tho curriculum projects now undarway, this contont coveraga is an

irretional patchwork of topics bearing littls relation to what studants havs
already learnsd or to what thoy will nead to know in future couwses, Tha
" fractionation and lack of articulation betwsen and within subject matters

has boen noted many timos; the problems created are ssrious for teachers and
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instructional materials developers who have to "cover" material, For programers,

Rl
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oriented to student performance, the problems are criticai; Buried in the-
patchwork are two areas where ths technology is not yet mature,

The first arca we might call the "structurs of knowledga®, in the sanse

| intended by Brunar (1960) and othsrs, It hardly nsods saying that we hava no

firm grasp of what happans to students whan various elemznts in tha mathematics
or scionca or social scisnce curricula are movad up or movod down in the academic

proérassion. For.instance, on a speculative note, if sat thsory is taught in

the first g#ade, would this not in somo way affect the ability to form logical

categories -~ which &s includod in the "prccess approach" to science ssveral
grades later? Or might it not inﬁbrfcre with thse child's ability to grasp the

essentially illogical categories of traditional grammer when hs meets tham in

seventh orade? No ressarch dasigns exist at pressnt for expanding ths

measuring proceduraé used in validating programad materials to take account
of thass possible transfer effects, No prossura exists to do so, of courss,

since the teaching profession doss not itself do so, What 1 see nsedsd hore is

" some long-term development studies paralleling soma of the pionser work dona

in individual language davclopment, whera:individual.childran are intensivaly
followed over long periods, Such an approach is implicit in ths orientation of
oﬁarant conditionars who tend to study single organismé intensivaly for long
periods of tima; It doss not gonarally exist in educational resaarch, whste'a
developmantal study is.-more likely to include'a sampling at one point in
tiﬁa of different individuals at difforent agos, (Tha work of Piaget and
Gesell illustraﬁe £his lattor approach; Terman's studies of tha gifted is
a rere example of the former.,)

Programsrs hava bogun work on thé types of analytical procedures nsadsd to

improve objectives, There are, howsvar, no published papers ar results as
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yet from tﬁa work of persons like Philip Tismann and myself, Richard Andarsoqhﬂ_
at tha_Univaréity of Illinois, ﬂrbana, or James Popham énd Eva Beksr et éﬁaﬁi;
University of California, Los Angales; Similar in intent, but not fully
adaquate to this purpose, is Gagné's analysis.(1965). The ebsolute necessity
of now tachniques.of analysing knowiedgs has become apparent from the
weaknesses in the kinds of objoctives which predominate in availeble

educational prograns, In othsr words, thare must be a way to attack rationally

the question of what ought to be taught, But the technology for deriving

better objectives doas not yet exist in educational subjects to the same
extent as in task analysis for industrial cbjectives,

A sscond end related srea in which the technology nsode further devalopméni
is in the analysis of what might be called "cross-curricular skills", among
which would be "eritical thinking", "iﬁferanca techniques"; "creativiéy",
and othors, Skinner.(1968) points out that the attemdt to teach thinking,
$n the sense intended by propénants of discovery learning, often leads fo

inefficient teaching of the subject matter baing "discovsred®, Tha conflict

is real, in that studsnts undoubtedly should be led to think for themselves end

yot ths mothod of discovery often leavos them with precious little knowlecgo

to think about, A few direct atbacks on ths probléms of teaching thinking

‘ of creativity (qames Holland's program on inferences, Richard Crutchfield's

program on cr;tical:thinking, end Sidney Parnss! work on creative analysis)
haye had little effect on fhe design of programé aimad at subject;matter
knowledge, Ths technology of empiridal testing =~ the revision cycle based
on stﬁdant errors = almost quarantess dropping any framss end sequenceé
which require much thinking skill, since the error rate genorally goés up.
As a conspquancs, remaréably little is known about how to produce such

skills reliably,
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The computer as a magnificent brarnching tool comss to mind in discussipnﬁ s
of teaching thinking. The progaaéis for computer assistance with.this proslem
would be more hopsful, howsver, if we had a bestter software technology for
producing thinkers, Most of the "dialogus" mode software now used as illustrations
of'what*comﬁuters will be able-to do in teaching thinking sre really nothing
more than tests of skills alroady learnad,

Ths technology oé gnalysis is incomplete in thass two arsas, Until these =
puzzies can be solvad, ths products of the programing process(will not come
up to the fend ﬁopas of tﬁa educators, It is;, of course, readily apparent
that present educational tschniquas are no% achieving such results eithsr,
although educational goals promulgaéed by schéol’systams would lead us to
think they are. The averags educator, unconcernad by the gap betwean the
goals claiﬁed and any evidsncs that students are achiéving such goals,
tends to roject as bsnsath consideration products which, if appropriatsly

administered, can relisbly achieve the lesser objectives claimed for them,

»
[ ]

Economic problems. There have been many references in the literature to the

remarkable amount of development time fnvested by programsrs in producing
reliable products, Estimates of 50 to 75 houfs_bar hour of student time ere
ffequant, even for ths soecalled "simple" skills of military and industrial
training, The aconoﬁic advantages of such an extensive investmant of programer
time havs beeﬁ calculated in an'indbstrial settihg whers students are paid
while»IéQ;;ing and production losses due to ineffective instructidn cen be

et loast estimated. (K. Brethoser, 1966. Ses also, Rummler et al., 1967.) No
such econdmic basis for improving instruction hzs been agreed upon for
ecducation, |

A short perusal of a bibliography such as Hendershoi's (1967) reveals

tﬁat.most.programs, including those with a sound ressarch basis, are being

e,
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sold to schools at préces competitive with traditionzl textbooks, Some

prﬁgrams aimgd at the induspr;al/market appear to have more meaningful

price-tags, Given th2 small distribution of any programsd matsrial whatever

in the gchools at preéent, as mantionad in the erticle, end.ths small per
unit prfce, it is indged small wondei that so few fully ressarchad effective
prodﬁcté have eppsared on tha market. |

The financing of the capital developmant rGQUiééa'is still problamatical
Fractionated school districts certainly cannot affordit, nor do thay gsnerally
have either ths talent or technical knowledgo to produce such materiels,
Pub)ishars, accustomad to reimbursing suthors by royaltiss basod on sales, are
wary of the immensa investhent raquired by the ressarch, Authors do not recover
their investment of tim;m(l ﬁava calculated a returnad wage of 50 cents per

hour on ons of mine) and the fifiancial woes of tha prOQréming companies which

y concentrated solely Bn the school market is wsll-knouwn,

Considerable discussion of governmant priming of the pump has taken place

* (see Subcommittee on Economic Progress); at least onz of the regional laboratories

backed by the Office of Education is officially in tho businoss (see Paphan,
é 1967) . There is,:of coursé, also the risk capital available in the "education
industry", thé effects of which at the moment are unknown, Fuch has been said
ghout ths concentration of that‘industry on Qlamoaous'ﬁérdwara; it is well
i known that softwére, if available at all for these nsw machinag, is rarely s
procuct of beﬁavioral tgchnology ;t e level of sophistication éonsonant with
; '_ thé hardware, o |
As one wit said "If education had produced the Edsel, thay still wouldn't

know it was a failure," It is difficulf to ses how appropria%e pficing of

effective products backed by-axpansive and extensive ;ésearch can be fostsred
. when the consumar is apparently incapable nFOmaking the appiopriate discrimi-

-nations,
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Economist Donald Paden (1967) has thecrized that, at leost at tho collogs
leval, a sevore problem exists in providing the resources to ensble instructors”
tﬁ teke edvantage of the nsw technology. R professor who is caught up in ths
cycle of frequent lectures, last-ninute construction of tests, and manggsment
of increasing qumbars of s@udents hasy, in the publish-and-perish world, little
time and less incentive to invest ths required effort in instructional impéoven
ment, Hs talks of the notion of Ycritical mass" == of daveloping enough
replicaﬂle (though not programsd) instruction via film, TV, tapes'or whatavé;,
€0 tﬁat a course may be, in a sense; self-opprating or run By assistants,’

When, for instance, a sufficient number of lectures are on vidsotape, ths
instructor is thon freed to dovote time to improving them, making do with,
dess than perfect performances in most lectures while he upgrades ons at

a time, To do so, the‘instructor nedds not only the time releasad by his
provious investmsnt of time but also considorable tochnical holp in the
pfoduction process, Paden has also emphasized ths impossibility of ths
educational system repesating this expsrimznt en every campus in evafy uni-
versity, beéﬁuse 6? thse cos&.

Such an investment of capital fesources and talent suggests that the
resulting improved'products should command wide distribution, In reality,
university instructors tend to give little considaration to using other
instructors' validated lectures, though they feel no qualms about adopting
texts, The widely used phrase "not invented hore® (the NIH syndfoma) puts tha
finger on the probably causs ~= the ego satisfaction of ths instructor in
his role as purveyor ef information and his unfamiiiarity with tha role of
- managar of learning, This phanomenén is parallel to the still-pravalént fear
of teachers at lowsr levsls of the educational system that programsd instruction
will somshow replace tﬁam. The economlc loss repressnted by ths cotﬁage-industry
approach to instruction -- every profossor across the country writing ths same

forimula on the blackboard for thirty students in front of him -= has the

parallel in what I call ths "prima donna®™ approach to course development, in
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whichlneither adminisfrétor ner department head ﬁor even colleagues teacliing A
later courses would presums to tell a professor what his courss should echievas,

The “criticai mass" phenomenon was obliqueiy manﬁionad on p, 17 oF'the'
article, The significant capital inQastmants in education lie in buildings and
wagés for the staff, not in teaching materials, When the number of students
increases in such a system, tha system adds new classrooﬁs and nsw staff, Little
thoéght is given to incrasing the efficiency of the system's use of its

'reSources. Efficiency cannot bs calculated with any msaningful sccuracy,

howsver, until effectivensss is establishsd, and this basis is still lécking.

Unfil a sufficient numbsr of products exist to enzble a shifi to a criterion-

referenced sysﬁem, there is little incentive for sducational systemé to endure

" the pains and problems of operating partially on tims-accounting and partially

on effectiveness-acéounting. Until thore is & discriminating market for fully
researched materials, it is unlikely that many will be devslopsd, The result
is a stand-off between thsse two realities, It seems, in concurrence with the

findings of éha Harvard University Program on Technology and Society (1967)

- that, barring soms revolutionary dsvelopment, espscially in ths administrative
~ erea, substantial and sophisticated uss of educationalltechnology is not likely

. to occur in the near future.

Philosophical issuss, It is not clear at ths moment how many of the arguments

bandied about are a function of a trpa differsnce of opinion and how many are
purely a function of the preferred language of each sida, The uss of the term

"technology", ths emphasis of operant conditioners on "bchavior" and especially

~upon "control™ havs undoubtedly created violent reactions where ths intent and

even the methods would be fully acceptable to the opposition, Any attempt to
"improve" instruction is, of course, implicitly an attack upon its present

state and is so intefpreted by its practitioners,




There does, howsver, scem to be a basic.divergence in point-ofeview
betwesn ths tough-minded empiricism of the product-oriented programing -
fraternity and the tender-minded idealism ierSpectivaaof-aOidence of thq
:. process-oriented educational philosophsrs, Skinner (1968, p90) points out

. again, as hs has beforse: ﬁWG fear effective teaching, as we fear all effective
means of changing human behavior," The technology of instruction, based on

a sgienéific and experimantalist apprﬁach to human behavior, will probably
remain in conflict with other positions for quité soma timz, It remains to

be soen whethar its existonce will, as Mesthene suggests technology can (1968),
determing a change in ths value system and administrative organization of

tha school system or whothae the veducational establishment.in tha United
States /is so/‘ideally designed to resist change " (Harvard Program, 1967)

that the technology itself will be kept outside tha doors, |
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