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- described and placed in the pérspective of contifnuing curriclulm

change. The organization of the hardware into computer 1lab, dynamlcs

1ab, synthesis lab, modeling/simulation lab and logical design lab is,
explalned. Teaching/learning innovations growing from the project are .
symmarized; steps toward developing a secondary school curriculum are -
discussed. The project and related developments are said to mage ’
possible and practical a truly 1nterdlsc1p11nary and revolutlonary
appreach to formal edﬁcatlon. (SKr " .. ;
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R In the years folloving World War II a number of'diverse forces™ R
k__\!f . converged in a manfier that made general curriculum reform inevitable. in )
’ schools in the United States. A backlog of cr1t1c1sms .of the educational
, system had been building before and during the war, and at’ the conclusion.
" of the war resources were releaged which mado‘magor and expensive changes -
. in teaching methods and currlcula possible. .World War II with its develop-
) ment of and reliance upon complex weapons such as rockets, radar, and
nuclear bombs showed that the.ablllty of a country to.wage war was nov
cldsely related to the Qquality of its®science and technology. The necessity
for'rapld tralnlng of 1arge numbers of men and women in bechnological skills
" requlred for the war effort highlighted the inadequate scientifit education
that was'being provided by ‘the educational system, There appeared to be a
~ eongensus that the first and most 1mportaﬁt step.in guaranteeing a'reservoir.
of scientific per@onnel for the future was to increage ‘the emphasis on -
science and mathematics'in the public schools and toﬁlmprove .the. ledchin L
. of these gubjects. Dramatic post-war changessln socigety and the need to | '
. . ggconstruct a large portion of the world which had been destroyed by e
inforted the viewpoint that what was being taught in schools needed to(
Y . be modlfred. R .
14 »
“The war years, and even prewar years, witnessed a deelining enrollment
~ in colleges. 1In attempts to reverse this trend many colleges relaxed or
. ellminated “admission requlrements following the war. However, while eising .
entrancé requlrements, .many college programs and courses set prerequisites
. in mathematics and science which were difficult for-traditionally educated -
"high school graduates to meet. An incregsing emphasls in society on the X
K . value of a college education together with postwar economic prosperity )
resulted in an influx of students into colleges. Many of these students had
been poorly trained in mathematics and science in high school which causcd .
addigional pressures for curpriculum reform. These factors together with '
: , labor shortages, the increased prestige of the sFlences, and a new concern
(1§' about preparing students for college made thc revolutlon in the school
. " curriculum 1nev1tab1e. i - / -

. . Lo
(725' . ’ To respond to these concerns about the quality of educatlon in the .
L’) schoolsg prestmglous scientific and education orgdanizations initiated a . If
series of conferences and reports about cducation and the needs of society.
c1;‘, /~In 1947 the Commissior on Post War Plans of the National Council of Tegfhers ".’
@f Mathematics called for new goals and methods for mathematics teachihg
() ahd urged a comprehensive qurrlculum reform in school mathematlcs. In 1948
’ - .«
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tae Syﬁp061um on College En rance Requlrements sponsored by the Mathematlc l
Association of ‘America called for.a reform in high. schobl mathematics which
would. substltuoe newer, more 1ntere§t1ng, and more useful mathematics for ¢
outmoded top1cs in the cgrrlcurum. The Cooperatlve Committee $n the Teaching
of Science and,Mathematics.of the American Association for the Advancement®of
Science issued a report %n 1947 calling for a new empha51s on mathematlgs and
science in high. schools. to _meet the scientific demands of postwar society.
. \j . . N
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At the time pressure was mounting to mahelthe school édurriculum modern !'

and relevant, new theortes and research on how people learn were beglnning
to discredit some of-th tradltlonal'm.thods of teaching such 3s:lect
drill, and memorization. The’ theories #nd research of the Swiss psycﬁi
a2nd biologist Jean Pidget and his followers 1nd1ca%ed that traditional
teaching methnods sgould be modified accordlng to various age, heredity, and
environmental related stages. of intellectual development in children.
Research conducted by J. P, Guilford and his colleagués into.the factors
-«comprising intelligence showed that general intelligence issa combination
of many specific intellectual abilities. Consequently, different methods
of preséntlng information (concrete versus abstract, or figural versus
symbolic illustrations) may be apprdprlate for various people. Another
learning theorlst, Robert Gagné, developed and tested his theory that
knowledde is organized h1erardh cally in the mind and that lower level
skills and principles must be flearned before higher order structures can
be understood. Jerome Bruner, a learning psychologist, thought that ~ ~
transfer of oneulearnlng task to other, 1earn1ng tasks can be achieved
through approprlaée teaching and that pedple can be taught Yo "learn "how
to learn." Anothér psychologist, Dawid Ausubel, \said that verbal exposition
(carefully presented lectures) and approprlately structured’ problem-solving ,
experience is the most effectivepgeneral method to use in teadhing high-
.school students. B. F. Skinner akd others have studied the effectiveness
of various stimuli and responses, upon learning and the effects of rewards -\
and punishments.upon learning. While® thege diverse (and. sometimes ‘contra~
dlctory) learning theories seemed toﬁﬁhdlcate that there is no best way
to teach, they¥-did result in the reallZatlon that different people learn
in dlfferent ways under different cohditions. 'The applications of‘fHese|
theories have been apparent in the new school curficula,, and have greatly
influenced both the organization and structure of, high-school. textbooks
* and, procedurés for teaching. Such common new méthods for teach1ng as
individualized 1nstruct10n, dlscovery iearnlng, sp1ral approaches, mathe-
matics laboratorigs, and computér-based instruction have their beglnnlngs
in the theories 82 these well-known psychologrsts. \'
. ;
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THE NEW SCHOOL CURR[CULUM &

’

| I

By 1975 ,most school subgects had undergone 51gn1f;cant currlculum
revision as a consequence of a number of curriculum development projects.
Theye is' the new math currlculum, a modern science program of studies, a
newv approach to the study of hlstory, etc, Most .of these’new curricula
nave novw been in use in schools for at least five years and evaluations
of stheir effectiveness range from complete failure to modest Success.
BEven most(people who accept the more.optl istic' assessments. of the new
. ’ \ '
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curricula agree that thére 2s an element of dlsaép01nﬂ ent in the failure
of these procrams1eo achieve the rather ambitious goals of creating a . .
. evolutione in educat}on.' Many students. still graduate from school with Y
" . ‘the, ,inability to reéd a lack of basic arithmetic skill$ and, little /i

understandlng of the'techplques and principles of- 501en§b and _technplogy__ ',
Also, .student scores on some natlonally admlnlstered standardlzed.tests
~» have decllhe&‘ L. : o = .
. o R ¥ - /(.
Many of us who have been creatlng and 1mg§ement1 computer~related
applications in our several disciplines are eyeén more discouraged by the | .
, failure of the new curricula to exploit computer techmology in teaghing
‘and learning. Even though some school curriculum development projects .
have produced "computer literacy" supplements, and somé modern textbooks.
* do include a few computer-o iented problems ai chapter ends, and there
are a few excellent (usgglly paperbouﬁa) cbmputer~or1ented‘supplements ,
for several high school courses; computer-felated learnlng has yet td be
admitteéd to the maip-stream .of the ‘formdl- educational system. The fact
that most”out-of-school learning is 1nterdlsc1p11nary in, nature, as are
most significant real~world problems, suggested {o some Currlculum developers
the value of 1nterd1sc1pllnary approdches to the secondary school currlculum.
For various reasond mdst Attempts at 1nterd1sC1p11nary approgches did not
work in s;iondary schools, ard neither did intradisciplinary a pno%ches.
Many teachers are educated to teach in a slnglé field of study and hav
applied their efucation to teﬁbhlng in that field or in one area of a
single subJect. The team teaching approach’to_interdisciplinary learning
was not very successful because it usually resulted in gach team teacher ° v
~teaching his or her spec1alty with little teacher interaetion around %
content and a lot of interaction around process. The 1nterd1sc1pllnary
textbookg}usually emphasized thelv authors' primary flelds. with a few
‘)\b topics or’chapters included for thg benefil of the "second" field. Even
£~ most 1ntrad1sc1p11nary extbooks such as algebra and trigonometry, plane
and  solid Oreq‘metry, etd.," kept the several areas of mathematlcs 3§ regated
both by section and chapter, or gave;preferentlal tregtment to one area.
« The physical faciljties ‘of mos# schools had been designed for a segregated
approach tofeachlngavarlous sﬁbgects, and ap adminigtrativie organization
by departments furthér hindered a true interdiscéiplinary &pproach to teaching.
" Fven where - schools.were\deslgned to provide for 1nterd1sc1p11nary apprgaches
‘through spec1aily desigﬁ d, phiysical facilitiels and admlnlstratlve models, .
' the trad{tlonal methods of ihstrdctdon still-Suggested to students that the
most efficient way to learn was by separating content into subjects.

PR

. PROSPECTSRFOR ADDITIONAL ‘CURRICULUM CHANGE
K3 . + i
Where do we stand with respect to new national efforls at curriculum
reform? First, the well-publicized criticisms.of our educational system
combifed with the effects of inflation and publlc demand for new services
indicates that:educabtion no longer.will be & "growth industry." Second,
Congress has shown that it is now inclined to take a much closer look at
the kinds of currlculum projects which it is appropriating morey for; and
that it expects rapid curriculum developmenl, wide dissemination, and good
e resuylts based upon empirical evidence. Third, the shrinking market for
. teachers and professors is causing.thege professlonals to focus their
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. about 4the effects of the variou§ modés of computer-related 1nstructlon

attention upon ecopomic mattens*and Job securlt&LN‘Whlle the effect of
th1s new insecurity among tgachlng profess1ona1s is not'yet clear, it °

" does appear that (for good.'or bad) education will be treated more amd . . ;™
more as a coxrporake bus1ness and teachers will be treated as employees

of that ~business. s < T ¢

, - " " ,‘. st . . . .

Where do we now stand with respect to computer-related inStruction

and 1nterd1sc1p11nary ‘approaches to learning? . First, it seems likely that -
the factors mentiened in the reV1ous pagagraph w%ll nave a: negatlve

1nflqence upon obtaining the—tunds needed for devgloping and implementing
another "new" currlculum for our schools. #econd) what we have now learned
upon learning (both the cognitive and affective asﬁbcts of 1earning) S ¢
strongly suggests that computer-related technology may be the one practical ,
tool for achieving what the curriculum developers of the nineteen sixties
failed to achieve; that is, a real and pos1t1ve revolutian in education.

After approx1mate1y fifteen years of Tresearch and, development of hardware,
software, and courseware for computer-relatéd instruction, we have gathered

a Vést amount of information attestlng to the s;gnlflcant results which can ‘
be achieved through this mode of learning. The really slgnlficant applications
of compiter technology to .education appear to lie. néar the-end.of the
computer-related Tearnlng spectrum‘whlch has come to be called student
control; that is, real and, significant student control. And as an extna
bonus, s1gn1f1cant studenht control of’,/eomputer-centered learning 8hviron-
meny such as Soloworks created by Tom Dwyer at the University of,Pittsburgh
-automatically, turns both teachers and students into interdisciplinary
learner# which really should not surprise us. Iook at the key people who .
have helped develop the workd of 6omputer-related learnlng Most of these
péople epntomlze the ;Qterdlsclpllndry person; ahd @1l ofthe labels
:1earn1ng thedrlst, sc1en»1st psych ogist, matﬁematlclan,,computer o
’sc1ent1sto,eng1neer, technologlst and social scientist can be applied

to many of them. The composite, globak computer-centeredﬁiearnlng environ-~

¢

m2nt that has been ¢ created by these people’is truly an interdisciplinary
approagb,to teachlng and learnlng. .4 ‘- )

*
N

With respect to an 1mportant end product of currlculumngév opment ~-
the textbook -~ we have come fufl circle in computer-related learning. First
we found a need to produce a Var;ety of computér-oriented curricuium units,

. modules, and books to’supplement the standard, albeit modern, school curriculum.

Those of us who spend part of our time at Soloworks have dlsoovered that we
now need to produce a good mathematics textbook (and probably some books in
other fields) to supplement our diverfe stock of computer-orlented 1earn1ng .

modules. Iurthermore, these supplements will have to be interdisciplinary "
in-nature. At Soloworks 21l of our staff, our teachers, and (most important!)

our students have been forced.(with liPtle pain, and hardly realizing it) to
becone seml-speclalrsts in fields new to them in order to learn and to do
those interesting and useful things that happen in a learning env:ronment
centered around computers and Yelated ‘technology.
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- SOLOWORKS: AN EXAMPLE OF A COMPUTER-CENTERED g
INTERDISCIPLINARY LEARNTNG ENVIRONMENT P e =
‘Ome of the larger and more influential “examples of a computer-centered,
interdisgiplinary learning envirgnment in which students have ;ignificant
con@rol.of taeir own learning is‘Solowoyks at the University of Pittsburgh.
Soloworks is both a philosophy of compuper applications in education and ‘a
physical, computer-centered, éxperimehtal_iéarning laboratory. ' The Solo-

works -concept grew out of Project,Solo which was "an experimental program, .

concerned with exploring the potential of computers in the hands of high «
school  teachers and students! in tlfree large public.s8hools in Pittsbuxrgh, h
Pennsylvania. Thg official name of Soloworks, which is supported in part ,.
by the thiqnal Science Foundation, is "A Computer-Based.High S€hool

. Mathematics Laboratory." In addition to its director, Tom Dwyer, and it$
staff, Soloworks includes high school teacHers, students, mathematics
educators, and others. While'Solowprkscis an Bxperimental laboratory, it
is also a small, infgrmal,lpartetime school whose students come on.a | il
voluntary basis after ‘regular, schoolchours and duri%g summer acatiops.

-+ Since everyone at Soloworks,is bpoth a teacher and a student, it -is difficult

"

for a visitor to determine “who ig,&n the Soloworks' staff and who is there
~as an "official™ student. Age ahd dress,providewfew clues, and in: fact *
nearly everyone (student, and s{aff member) at Soloworks hasshjs or her own
speciglty and is.iheﬁauthority’bn that specialty -- at least temporarily
tintil Someone else becomes a better éxpert. No "subjects" are "taught" at
Soloworks, but £t isn't long before the newcomer to this rich educational
environment starts learning about coﬁputersa”mathematics, science, technology,
flying, music, and even othér sdbjec&s in a truly interdisciplinary faghioh.
Of ¢durse everyone learns how to Use the University of Pittsburgh's DEG T
» System 10 computer system and the Solowork's PDP-11/40 computer; however =
“¥nere hien't any "courses" in computer programming. Programming s learned -
by reading the manuals, by asking around, and by doing. In addition to
computers, peletypes, and Cathode Ray Tube terminals, Solowd%ks_pas an + -
%airplape flight simulator, a "player" pipe organ, a plotter, a Megatek
*controller, TV'cameras and monitors, oscilloscopes, & lunar-landing
simulat{on, 3 turfle, a "rébbit"}@qhich is a4 big, powerful turtle and more),
* an art ‘and photography lab, Rube Goldberg macpines, an electronics shop, ¥
gnd-(qf course) lots of books.and magazines. ~In fact, Soloworks appears i

. ,to be sofigwhat of a/mess -~ a Well-organized, well-structured\mess.

» . i .
The“physicaisggrdware part of Soldworks is organized.around several
A

important concepts{and methods from the sciences and appliged mathematics.
These concepts and methods motivite a number of Soloworks laboratories,
First of a1l there is the €Computer: Lab which focuses upoﬁ‘processes in
mathematics and science which can be described using algorithms. In fact,
Soloworks has produged a large nymber of printed curriculum modules
illustrating significant.computer applicalions te learning mathematics and ‘
.science. Sécond, there isfa‘Dynmmics ILab whith includes continuous physical
processes which occur iff time; for example, airplane navigation dnd space
exploration. Third, there i% a synthesis lab where very complex effects

are produced by combining simple effects.. The music laboratory and a six-

. screen, audio/visual multi-media show ;1lgftrate the concept of synthesis.
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The fourth concep:t of modeling and simulation uses athematics to create
new modgls ot physical reality and conceptual models jof unreal worlds having
strange phy51cnl properties, The lunar lander simulator is an example of
the hodellng/SLmulatlon Lab. The fifth lab, Iogical Design Lab grew out of
the "electron;c wizardry' needed to create the other labs. Modern algebraic
stggcuu;es are involved in using analog and digital circuit_modules to
create ifteresting components for the other labs, None of ;hese laboratorie
..are fixed and static..“Each one is continually evolving through addition
and deletion of components, and the several laboratories are in a state of
cértanual modlLlcatlon and improvement, .
» / N
In addition to the positive learning environment created at Solbworks,
where learning is centered around significant applications of computer
‘technplogy and interdisciplinary approaches, there are several more subtle
teachlng/learnlng innovations taking place. Vhile general learning
obgectlwes are sp\elfled there is no single method for achieving each
' objective. As students and teachers (at Soloworks these two labels are
\Qearly synonomous) work toward their maln objectives, a number of unexpected
but jimpértant, secondary learning obJectlves usually\materlallze. Learning
is not a neat, orderly, linear sequence of well-defined steps toward a
performance obJectlve; rather it is a somewhat disorderly, rambling sequence
.toward a set of objectives -- some which are well defined and others which

S

are not wéll defined. Few.of the laboratory devices are fixed and unchanglng

and there are few "labgratory manuals." The few "laboratory manuals" which
do f8xist were produced by students,. teachers, and project staff and may be
partly word-of-mouth and partly printed; and these are . being modlfled as the

; laboratorles evolve. This is not to say that Solowork;‘has no "givens."
Certalnly if nothing is fixed and structured, chzgi'would probably result;
however 1f too much js completely specified and structured, boredom is th
consequence. Soloworku has taken some significant steps toward developing
part of & secondary ‘school curriculum which has a basic fixed foundation

" £rdm which a rich variety of goals and dCthltE@S can be generated.

) - - Pd .

In conclusion, it. appears that the computer technology and related
teachlncr/léa.rriwnc strategies now Exist so that a truly interdisciplinary
and revolutlonary approach to formal education is both posslble and
practigal. The physical and conceptual products of projects and’ groups
such as Soloworks, TIQCIT PLATO, HumRRO, and gany others could provid
a soluflon to somé [of the seriocus problems in o€r educational system.
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