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PREPACE

Tho following paper, prepared bv Professor Karl ZINN of the
Ccnter for Resecarch on learning and Teaching, University of Michigan,
Ann Arbor, United States, covers a vory specific aspect of the use

of computcrs a8 an instrumont of teaching.

While a brief introduction to the content of this papor will
undoubtedly be usceful to rcaders, the main necd would appear to
indicate the rcasons why the Qenire for Educatiomal Research and
Inovation (C.E.R.I.) of the OECD has undertaken a multinational
"concerted drive” in such a promising as well as controversial
ficld. The following are some which shouwld be noted:

(1) Tho pressurc of requirenents in the matter of cducation,
espucially in Eigher but aiso in secondary cducation, which makes

it important and ¢ven osscntial ¢o achieve a batter allocation of
resources. Some "moments™ in the educational and learning procese
ctn thue bg facilitated by the use of teaching aids, though of course
under certain conditions. As a ruosult, from this point of view alone
the teacher, and, better still, the teacher team, are freer to meet
the specific necds of students whore diroct contact with then is
necersary.. Avdio~visual aids arc thus part of such an oquipment
array, and meut with the degreo of success and the difficulties we
know, From this samc point of view but at a quite different level
as to tho functiors it can assunme in teaching processes, the computer
has alrcady found its way into education, if only better to explore
ite possibilitics - and thoe limits to its utilisation - and avoid
any such inordinatc usc as already rcported in some cascs, the
gquostion had to bo approach.d from tho angle of Reoscarch and
Duvelopment. In so doing, it should be vmphasized that the Centre
for Fducational Rosecarch and Innovation is simply filling its role
as catalyst and "think tank” on behalf of the OECD countries,
whether in this ficld or in others wnich togethcr nake up its
progranne of work. The objcesive, especially here, is quite clear ~
to produce a certain nunber of recormendations whioh can help
naticaal authoritios to define their policies. T

(2) The need for tuttor undorstandiug of the teachinz and learning
procqsses. parallel to 1ts usc as an instrument of cdicat..u, the
comprbar can already bo rogarded as one of the most offective tools
of purposefully oxperinental pedagogical research. In the firat
place - provided, of course, that 4t is "cquipped" with adejuate
prograrmcs - it is an incomparable analytical instrument owing to
its close accuracy and thc Opportunity 1t offoers for dialogue, and
in the sccund place it is capable of so managing specific teaching
situations that optimal results ean be olitained both by studonts
and teachers.

.
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The present trend towards the individualisation of education
and the intrecduction of pgrmanent knowledge testing indicate that
it will very soon be necessary to use corpuicrs, There are many
possible fields of application: analysis of curricula (identifi-
cation of difficulties in regard to the conceptual organisation
of conteat, forms of data prasentation and individuel pupil
characteristics), the planninug of steps adapted to the specific
objectives pursued by the students, etc.

(3) ¥xistence of s _"technology of education": The torm is uscd
in a re-“ricted sease - one which obliges toth teachers and the
educatic.ual authoritics to specify the ways and means of using
the computer without running the risk of producing some kind of
caricature of the cducational process - "the education machino®
for exanple. Furthermore, as strictly technological progress
becones more rapid, it follows that the coet of cquipnent will
deorcase, This being so, if sufficient scorious thought is not
promptly given to the opportunitics for using computers in education
the danger is that these will have been installed in cducational
establishments beforo thoe humean and structural aspects and the
content of education has had a chance to be re-assessed in the
;;ght of these now factors. Clecarly this cannot be allowed to
ppen.

These aro not the only considorations which have induced
C.B.R.I. to undertake its concerted drive, one by-product being the
following papor.

This concurted drive, as co-ordinated by ¢.%¥.R.I., calls for
tho directlgarticipation of five universitics in OECD Member
countrics.

(1) France: Paris University (VII) - Faculty of Science - "Computer
or students" laburatory - Dir.: Professor le Corre and
Professor R, Jacoud,

Bolgium: Louvain University - Genoral Physics Iaboratory -
Dir.: Professor A. Joncs.

Nothorlands: Leiden Univereity - Departmont of Bducation -
Dir.: Professor L. do Klerk.

dapans Osaka Urdversity - Faculty of Arts - Dir,: Prof- or
8. Tanaka,

Great Britain: Cantridgo University - Departucnt of Applied
Mathonatics and Theorotical Physies - Dir.: Profossor G.K.
Batchelor.
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To this first "nctwork®™ snould be added a sertair number of
othur higher—education cstablishments in Buope ("Technisch-
Hoschule", Aachcn, Gexmany - C.8,A.T.A., Bari Universi'y, ltaly -
"Computcy Based Learning Projects", Departucnt of Bducati n,
University of Levds, Great Britain, cte. Contacte arc alse r  n-
tained with Amcrican univorsities through the U.S, Offi o
Fducation. This "joint projcct" (so naned because of th: £ rm. of
financial contributions and responsibilities of the parti s
concerned) was launched in 1969 with the 38sential objee- of
providing, rirst, roco-uiendations to national authoritivs (ccc
paragraph 11), and sccondly some of the answers to the more
technical guestions which nast be solved if coaputur-assisted
education is not to develop haphazardly or in responsc to certain
pressurcs outside or insidc education but rather in order to relp
improve the educatiosnal process,

Thusc questions include:
(1) Problems comnected with the importance from tho pedagogic

point of vicw of methods of using computers as an instrument of

educatim, cspoeially:

~ How can computers be introduced into the structurc of
education? at arc the nost suitable stratogics for
introducing theu?

- What are the possibiiiticse of combined use of computcirs
and other tecaching methods, espeeially audio-visual mothods
and television?

- How can participation ty the studont be made more active?

- What is the influence of the computer ocn tho bohaviour of
students and tcachors? How can the former be trained to use
the instrument so that the maxinmun informatjion may be
obtainad from 1t? ‘ .

- In what casus should the computer, and prograrning procoedurcs
for %caching in gonoral, be abandonoc?

Wast part should be played by evaluation?

(11) Eroblems concorning tho drafting of courgoe, suostionnairss
UtC, ’ : ’

- What is the best way of numboring itzms and quustions?

- How fréquuhtly, and whoro should thorc be iteme of
rveapitulation and overall prosentation?

- Aro difforont structural arrungements desirable depending
on the subject being taught? - . ’ .
= Bow .hould the various medis (nanusl, films, photographs,
ﬁ‘vaimpie or more complex terminal, ste.) be allocated?
Li RS A A AR T R B
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(111) Probloms of equipment:
- Suowld one use compﬁters ¢spcoially edapted for education,
or all-purpose computers?

~ Snould pruference be given to largo computers (central
store more than 9 K) with a large number of terminals or to
smaller computers (of the order of 4 K) with a limited
nunber of peripicral terminale?

- Is it possible to use older (socond gencration) computers?
- Should simple cr sophisticatcd terminals bu selccted?

- Showld transmission be slow (below 100 tapes) or rapid?

- How should the interiace be designed?

{iv) Langasge problel 4@
- Compunication botween pupil and machine

- How should tre theorntical problems raised by frec answers
be solved?

- Can modular blocks bo used for analysing snswoers (by .
enuncration, range of uumbers, arithmetical answers, etc.)?

- How can multi-lingual adaptation of the course subject
mattor be achicved?

- Communication botwecn teacher and machine:

~ How can lénguages for simulation suitable for case studics
be davelopcd?

- Can stariard languagos for detceting errors be developed
for coursc preparation purposes? ’

(v) Broblems of ec:t rogarding use of the computer:
- On what basis and by reference to what should the cost ve
calculated?

* - What is tho return on the system‘compared with other mathods
of teaching?

Indupundontly of the work carrind out in this group, it was
agrocd, agaln for the sake of interrnavicnul co-uperation,
puriodically to organieo wider weotings so that a largor number
of oxperts on the subjuet could discusa iteme of the programme of
work for this concert2d drivo. The agenda of onc of these meetings,
held at tho OBCD in March 1970, provided for discussion of the
subjeet "Languagos in computer-based instructional systems™. It
was on thie occasion, in order to open the ditscussion as w.ll as
pruacnt e background material regarding work in this ficld, that
2.B.R.I, askcd Professor Y. 2irn to prapare the following paper.

10 ;.
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It 48 the first of a series which will ifucludc several titles,
At firet sight it may secm surprising that the cories should boegin
by a technical rcport apparcntly designcd for spocialiets eloue,
however numcrcus they may be, In fact, the vroblew in question
illustrates tihe confusion and contradictions that frequently coxist
in the matter of tochnolosy of educaticn, One might cven say that
it is & typical oxample nZ a vrobluuw which is both truc and false:

~ Zedsc in that in thoury as well as practice it is inpossidble
to develop ar all-purpose languesge able to deal anynore than
adequately with mll tcaching situations. Any pcraistent
attompt to develop such a langaage would lead to the refine-
ment of stercotypecd “dialogsues" which wovld not allow fou
the sonctince baffling aspects of any teaching and learning
process. Wo for our part arc convinced th-t thore are other
more urgent questions to be dealt with.

-~ %rug in that whore there is dialogue there must bo language!
However sophisticatid tiris ney be it is neverthceless subject
to certain constraints, and what is true for natural languagns
with all the scopc they offer for ambiguity and implication
("cntropy" as it wore) is still more truc for artificial
languafus, however couprehensive they may be (FORTRAN, AIGOL,
ete.).The computer cannot in fact admit of the slizhtost
ersor and in case of doubt it can only forbear and scnd back
"he question. In these circumstances it is important that

the tevacher who intends to programme a cortain part of his
course on the covputir should be able to 4v so with tho
maximwn of sccurity and accuracy. It is also eescntia) -
whicn is whore tho complications sot in - that the language
uscd should be sufficicntly flexiblc to cnable it to cover
the diversity of tvaching situations by taking both tcaching
vequircenents and siudents! reactions into account, and alao
e gasy to master if the toachor is not gradualiy to turn
into a computer geiontist and ncgloet his dutics as a teachor,

The principal merit of this study by Profcssor K. Zinn is,
first, that it roviews what already exists and 1ists the many
©a v8 86 far daveloped accoruing 0 a certain numbsr of moro
genural critoria, At tho samo time tho suggestions and rccommendation,
it contains providc a basis for discussion vhich, 1t may bo hoped,
wild yicld positive rusults both frow tho standpoint of the joint
project co-ordinated by the C.E.R.I. and that of all thoso who
Aesirc that an appropriatc uesv be made of computors in cducation,

FRIC -
110t
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I. INTRODUCTION

1. Burncses

The primary goal of this papger is to put forth for criticism
and further discussion some tentative recommendations on
instructional programming languages. I have tried to make my
astatements specific enough to be criticised in deteil and perhaps
to be improved through elaboration, yet general enough that they
might be applied in discussion of various computer-based systems
developed for differing purposes, Certainly I shall not achieve
sufficient detail and the desired generality in this draft.
Although my recommendaticns are derived from considerable experience
with a variety of programning systems and curriculum suthors, they
should be interpreted with caution in their present tentative state.
Guided by comment from recaders, I hope to progress to a more
definite and useful stztement in the near future,

In order that the recommendations car mory readily be criti-~
cised by the reader, I have included the skeleton of information
from which they were derived. The format used for this background
information is an outline of language and system considerations
on which various positicns cr points of view have been expressed.
Numerous aspects ¢f programming languages and user support are
characterised by two or more persons, with some overall interpre-
tation apread throughout as guidance for the reader,

In order to provide convenient access to primary sources,
writings with direct application to the protlems discussed are
listed with brief annotations. Since information resources for
instructional use of computers continue to change rapidly, I have
included some suggestions for obtaining current information and
viewpoints as they aire written and discussed.

A secondary goal for this paper, perhaps important to some
readers, ie to provide in the early pages a short introduction to
tha role of progravaing languages in the preparation and use of
computer-based learning exercises. Various types of programming
are exemplified with brief discuesion of implication3 fc. e
style and goale ox instruntion accomplished. Some ks owledge of
computers and instructional uses is assumed; for an introduction
to the field and a guide to general sources, write the ERIC
Cleuringheiige on Bdncational Media und Technolegy, Cypress Hsll,
Stanford University, 3tanfoid, California 94305,

12;-‘ H
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2. Audience

T should like to reach potential users of couputer-tased
systeus in education, especially those supervisors and adninis-~
trators who £~e now making decisions about economical introduction
of effective vomputer aids into instructional programs for which
they are responsible. Although I intend the discussion in this
paper to be useful te a reader not already versed in computer use,
the present draft surely needs much more work, and the sutstance
is likely %o be revised on the basis of diacussion arong experts.
Perhaps, then, just those experts should be considered a primary
(and critical) audience for this draft.

3, Sources of other interpretation and opinicrw

Although I have attempted to incorporate opinion of others
in this paper on programming languages, repreeenta’ion of their
ideas can be only incomplete and biased at best. A student of
programming languages should look at a number of other sources.
The ERIC guide to information already has been mentioned as an
introduction and gencral source. A few $vecific items are menticned
here for the reader who needs no introduction to the topic.

G N. Adame™ provided a comprehensive tutorial presentation
on "Pechnical considerations in the design of an instructional
sysien" for the NCET (UK) Symposium on Computers in ¥ducation held
in Ieeds in 1969, His consideration of languages and instructional
programming is very relevant to the issues discussed in this paper.

The perapective of €, Viector Bunderson, head of the CAI
Iaboratory at the University of Texas at Austin, can be inferred
fron the projection of currienlum development and use on computer-
based systems which he prcscnted at the American Educational
Research Association meoting in February of 196y. Bunderson has
provided more srecific recomuendations in notes for a three-day
seminar on instructional use of computers, but “hese are as yet
unpublishud. i s

Charles Frye of System Developmemt Corporation, Santa Monica,
California, provided a discuseion of languages In 1968 using four
categories: conventional coxpiler languages, adapted compilder
languages, interactive computing lungueges, and specially devised
instructional author-languages. Some langurges were assigned to
the wrong category, but the concepts oxpressed are uscful.

» Conmplete references to publicatiéns.afc given—in the
bibliography.

1§%EE
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Zducom in Boston distritutes the final report of a comparative
study pursucd in 1967-68 vwith support from tae U,S, Uffice of Naval
Research and the University of Mich’gan (us well as the Kellogg
Foundation, which supports kducom administrative and pilot efforts)
Information on over 40 programming languages is included. Although
I was tie primary author of that report, the opinicns of contribu-~
tors come through nore clearly in that document than in the present
sumnary papor. Because technical information gocs out of date very
rapidly, watch for a revisisn or replacement for the rduce: dosu-
ment berore the cnd of 1970,

Jd. Donlo of OECD-IRIA described the "present situation and
current trends" after his visit to the USA in 1968, including
attentiun to problems and proposals regarding languager,

William Ramage edited the presentations and transeript of
discussion by a dozen specialists gathered at the University of
Pittsburgh in 1967 to discuss CAI author languagus. Although many

- of the comments are now cutdated, most of the reguircments set

down at that timc have not yet been mat.

The proccedings of mos’ conferences, working sessions aud
national commissions dealing with instructional usc of comruters
includo some consideration of language requiremonts and implication
for strategy and economics, For example, the report of the
Commission on Instructional Technology zUSA) is soon to be relcased
and the advance proceedings of an August conference on computers
in the teaching of physics and mathematics will include substantial
sections on differont kinds »f languages.

Theee and other sources of information and opinion are
annotated in the list of refe¢rences included near the end of thic
document,
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II. XINDS OF INSTRUCTIONAL PROGRAMMING*®

The current state of instructional programming languages is
characterised by proliferation cf independent efforts to produce
an all-purpose language and by unstated assumptions about appro-
priate uses of computers for instruction. Some of the new languages,
having been motivated by deficiences in old ones, turn out to be
only superficially different, A comparative study of programming
languages listed over 40 different languages and dialeects which
have beéen developed especially for instructional use of comnuters,
and the differcnces among them are¢ not verv gre~t in most compari-
sons, Attuntion to the style of programming typically dore with
different languages can simplify a topic which hias been made
unnecessarily complicated by ovstructions to communication among
those developing the programming languages and others devising
instructional strategiles.

1. Organigirg the content and preparing the procedures

Some types of instructional programming for computers are
likely to Lo used by subject experts (curriculum writers) and
other styles favour computer specialistu. Typically computer ard
disciplire exparts must collaborate if the result is to exploii
the computer contripution as well as rolate to real instructional
problems and appropriate organisations of the subject matter. The
distinction between substance and procedure is blurred because
most programning languages have combined the two aspects and
initiel succespes depenled on unusual individuale skilled in both
areas, ' S C

o The developmecnt of computer-based curriculum can be separated
th into two or more processcs for my purpose of distinguishing content
: and procedure; I would not apply this analysis to all computer usas.
The most obviouu process is arranging the substanco or content of
instruction in a way which is appropriate for computer presentation
and for interaction between learmcr and the computer-based repre-
sentation of the knowl.dge base, No less important is the creation

»  The overview and interpretations of this section have been
adapted from two provious presentations (zinn, 1969b, 1970).
Detailed suggestions from E.N. Adams, Fred Bennik and Charles Fryo
helped considerably in its revision. ‘ ‘

ERIC 15
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of a set of procedures by which the curriculum is delivercd and

the knowledge base is explored by each individual student.
Sccondly, the curriculum development group needs a process by which
the substance is put into formatted information files on which the
procedure programg can opasrate cconomically.,

The first process, organising the content, does not require
a programming language at all, although the designer 1is likely to
work within specific formats and within systcm constraints inter-
preted for him by someone expert in programming. Although demon-
strations and exploratory work have becn prepared directly in
programming languages, some of thes called "author" languages,
curriculum development efforts wihich are successful on a large
scale almost invariably adopt stylised forms and standard procedures
to represent learning materials., The so-called author language for
g project (for example, Coursewriter 1I) is used only by programmers
who make a specialty of it, and the discipline ecxpert is expected
to give full attention to attributes and organisation of the subject
mat’er and learner performance,

The second process, procedure pruparation, does not require
a specialised langunge for "author convenience" since the work is
done by a programmer, and done only once for large amounts of
surriculum presented to many students. Economy in execution is
more important than convenience while programming such a procedurec.
Many projects making instructionasl use of computers have used
progranming languages in which instructions require nearly the
detail of each machine operation {called "assemuiy language"},
and at 4{imes a general-purposa langusge such as ALGOL or FORTRAN .,
Jome projects which must use an "author language" for execution
{for example, Coursewriter II on the IBM 1500 Instructional System)
treat it as an assomdbly language, gererating instructions for the
Courscwriter processor automatically by the use of somc other
language which the procedure designer finds more suitabie.

' The procedure programmer should use a procedure-writing
language which includes capability for programming interactive
uses, @.g. access to a olock or other timing mecharism, control
of automatic interrup:s in order to handle aifficulties encountered
during pirocessing of student constructions, and linkage to filea
of other users. The system muast allow data to be recorded, raved
in permanent files from day to day, and rucalled when the wsiudent
wishes to continue where he left off or to check his performance
against that of others. R . o

" Both procosses or tasks require some communication between
instructional oxpert and computer programmer. The essentisl nature
of computcrs and operating systems does impose somu general

16« -
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cons*raints on what the subject 2xpert{ may usefully specify, and
the objectives of instruction and the means by which they might
be achieved have definite implications for the language chosen
and the procedures to be written., In summary, I would not expect
discipline experts to conceive new techniques for exploiting
information processing systems in instruction, nor would I rely
on computer experts to determine organisatiorn of and means of
access to curriculum,

The third part of curriculum development, getting substance
into appropriatcly arranged fileaz, is a desirable aid to the
various team members involved, a time-saver, and, in many cases,
a money saver, Coordinated design of this process by curriculum
and conputer experts is asazumed,

For curriculum development projects at least, the language
ghould meet requiremcnts of economical execution for the kind of
processing anticipated., Convenience for the programmer is only
secondary, since his job is relatively minor and he can work out
gome way to achieve what is desired,

Convenience for the curriculum designer is essential, but not
directly tied to the language of implementation,

I would account for the curious state of langusges for pro-
gramming instructional use of computers today by the fact that
virtually cll of these languages wore prepared by couwputer
programmers who were automating the tedious parts of their job as
they viewed i%. Perhaps new languages, or the means for producing
then, will bo derived from a more compreheusive analysis of the
requirements of all users involved. .

In the following exposition on kinds of instructional pro-
gramming I use four headings: deseription of successive frames or
items; provision for conversation within a limited context; -
description of & standard procedure by which material is preacnted;
and spacification of an intoractive environment for programming
and problem solving. The emphasis in this section continues to
be on actual programming applications (or use of a language) rather
than on apparent capabilities (functional aspects of a language).

L4

2. Degsoription of successive frameg or items
AL S U R : S RN )

The most common application of computers tor instruction
appears to be an extonsion of programmed instruction o+ audio-
visual presentation of leotures. It is not surprising that most
languages encourage tnis style of programming: Table 1 gives a
tentative assignment of languages for whichng havo documentation.
I do no* mean to imply that compuiorised programmed instructisn is

ali tha' theso languagcs are capable of representing; I offor that
each dous cncourage that mode of compvtor use,
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These languages may in genecral be distinguished from scientific
and business programming languages by a number of factors:
convenience for display of text; acceptance and classification of
relatively short strings of text typed by the student (or any user};
automatic recording of answers or other perforpance data; and
implicit branching determined by the categorisation of an answer
or the contents of a counter which is part of the history of student
respoauses, Although FORTRAN, AILGOL and other languages lacked these
features, a new genecation ¢f general-purpose programming languagces
and on=line systems will include convenient facilities for string
»rocessing, file access, and definition of normal conventions by
which the instructional programming needs are recadily accomplished.

IBM's COURSEWRITER is the best known example of a language
which encourages the description of frames or items, especially
the original version for the IBM 1401. It grew out of a statistics
courge authored by Ralph Grubb in w.g. Uttal's CAI project using
an IBM 650 at Watson Research Center” during the early 1960's,
Lenore Selfridge was coding instruction materials frame-by~frume
according to the logic Grubd defined when she suggested a Teacher
Interpretive Program (TIP) to simplify the task of entry and
revision of the statistics program. Other authors at Watson
Research Center at the time were using other instruction strategies,
each progremmed individually.

The advantage of using TIF was sufficient to inducc other
authors to use the same approach - a kind of computerised programmed
instruction - and a langusge called COURSEWRITER achieved status
as a general language. Many of the languages in Table 1 were
motivated by COURSEWRITrR and thon developed independently. Most
of them have promoted only a frame-oriented conception of computer
use. Programming other instruction strategies has been accomplished
through additions to the language aid special efforts of programming
staff other than the curriculum author.

A sample program for a simple mathematics drill exercise is
shown in Figure 1. The indentation has been added to indicate some
of the implied branching during processing. In general: when a
condition 18 satisfied in a statement the indented statements
below it are executed aluoo; when that condition is not met the
indonted part is skipped. Statement sets preceded by "wa'" anticipate
cortain wrong answers, and record the second occurrence ot a
certain kind of error. Otherwise, the similarity of the codo and

Sl b oo ’ : {continued page 24)

® Uttal, ¥,R. "On conversational interaction, "Pro ed Icarni
%gg Computer~based Inseruction, pp. 171-190, J.E. Coulson (kd.J,
New York! Wiley, 2. o ,

18;:
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TABLE 1: Dosoription of successive frames or itcms:

COURSHEWRITER I (IBM 2400), II (IBM 1500), and III (IBM 360),
Obtain information from IBM Branch Officeg.

COURSEWRITER, experimontal (IBM 7010), 7.J., Watson Research
Laboratory, Yorktown Haights, New York 10598.

CCURSEMRITER, experimental (IBM 360/50), IBM Systems Devclopment
Divisiuvn, Pougnkeepsie, Now York 12602,

WRITEACOURSE, Computer Science Group, "niversity of Washington,
Seattle, Washington 98105,

LYRIC: Ianguage for Your Remote Instruction by Computer, Computer-
Assisted Instruction Systems, 979 Teakwood kd., Ios Angeles,
Califoruia 90049,

DISCUSS. Information Processing Laboratory, Instiiute of Library
Research, University of California, Berkeley, Celifornia 94720.

CAL: Courss Author Language, Computing Facility, University of
California, Irvino, California 92664, ’

INFORM. Communications and Blactronics Pivision, Philco-Ford,
3900 Wolsh Road, Willow Grove, Pennsylvania 19090,

COMPUTEST, COMPUTHST-II, and PILOT: A computar finguage for
Individual Tosting; and Programmed Inquiry, Learning or Teaching.

- Computer Centor, School of Medicine, University of California,

San Francisco, California 94122,
| SR
DIICH. lafayette Clinic, 951 E. lafayetts, Detroit, Michigan 48207.

COPI I ard II: Computar-Orivnied Programmed Instruction.
Educational Systums Programming, Federal Systens Division, UNIVAC
Division of Sporry Rand, St. Paui, Minnesota 55116.

352620. Technomics, 1455 1 ™ Strect, Santa Monica, California

MINORCA and GLURP, Cunter for Educational Softwvare, New England
gghggl Dsvalopmunt Counoil, 55 Chapvl Strout, Nowton, Massachusetts

POIL: File-Orisntud Intorprotive Language, Center for Rosearch on
Lgng?ine and Teaching, Unive:sity of Michigan, Ann Arbor, Michigs.
4 1 ) . ’ ’
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*uNTOR, Dopartment of Edﬁcational Technology, Bolt Beranek and
Newman, 50 Moulton Stre..t, Cambridgc, Massachwuwsotts 02138.

CAN: Complotely Arbitrary Name. Department of Computer Applications,
The Ontario Institute for Studies in Bducation, 102 Bloor Ctreet
West, Toronto 5, Ontario, Canada. '

TUTOR. Computer-based Education Rescarch Laboratory, University
of Illinois, Urbana, Illinois 61803.

PICLS. Purduc Interactive Computer-Aided Learninzg System, Computer
Sciences, Purdue Univarsity, Lafayette, Indiena 47907.

THACH. Dosartment of Physics, Univérsity of Arizona, Tucson,
Arizona 85721,

CHIMP. Institute for Molccular Physics, University of Maryland,'
Colleg? Park, Maryland 20742,

BXPkR, experimental, Information Systems Program, G.k. Research

" and Duvelopment Center, ¥.0. Box 43, Schenectady, New York 12301,

" HAL, oxpurimental. Advanzed Duvelopment Group, Honeywell Zlectronic

Data Processing Division, 200 Smith Street, Walthan, Massachusetts
02154. . : T '

TEACHKR/II, Department of Mathematics, University of Denver,
Denver, Colorado 8021C, ’ ‘

UAL and UIL: UNIVAC Author Language and UNIVAC Intcractive Language.
Federal Systems Division, Univac Division of Sporry Rand, St. Paul,
Minnesota 55116. ' e S o o
PILNIT: Prograrming Tanguage for Inturaciive Teaching. Educational
Department, Systom Develepmont Corporation, Santa Monica,

California 90406, ) )

T T
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conversation to a programmscd text is apparent. In fact, automatic
translators have been written so that computer can accept linear
(or simple branching) progremmed text and derive instructions by
which to carry on CAI intcraction with a student.

3, Provision for conversation within a limited context

Only a small proportion of computer-based instruction prograns
of the tutorial variety have been specifically designed to encourage
additiontl initiative on the part of the student, and to providc
a relevant reply whatever he may do. The languages in Table 2 have
been pulled from the first calegory because they havs one or more
additional fcature for the purpose: conditiunal ¢xpressions, data
recording, text processing, block strucivre, ete.

TABLE 2: Provision for conversation within a limited context:

MENTOR. Depertment of Educational Technology, Bolt. Beranck and
Nowman, 50 Moulton Street, Cambridge, Massachusetts 02138.

ELIZA. Education Research Center, Massachusetts Institute of
Technology, Cambridge, Massachusatts 2139,

FOIL and FIT: File-Oricanted Interpretive Language, and Flexible
Instruction Translator. Center for Fescarch on Learning and
Teaching, Univcrsity of Michigan, Ann Arbor, Michigan 48104.

MINORCA and GLURP. Ccnter for Eiucational Software, Now England
gchgol Dovelopment Council, 55 Chapel Street, Newton, Massachuscttsa
260 ,

PIANIT: Erogrerming Language for Interactive Teaching, Educational
Systems Departmcnt, System Development Corporation, Santa lMoniea,
California 90406,

Typically, thc usc of MSNTOR, or of other languages in Table 2,
is encouraged to provide in the co.puter program a sot of conditional
statements which, for any stage of discussion, makes the computer’s
reply dependent not only on the student's current inquiry or
assertion, but also on thc history of the conversation. Boccause
history is storod almost automatically, and complex conditionel
axpressions can bu written with considerable ease, 1t is counvenient
for describing a dialoguv whiich is conditional on thc present
context and the history of discussion with cach student, PLANIT
and MINORCA have¢ othor distinguishing charactcristics for specific
areas of inetruction and tecianiques of learnor assistance.

29 ¢
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I do not muan to imply that other languages in Table 1 cannot
be used for programming o dizlogue or conversation. Indecd they have,
but with considerable author inconvinicnce and programming expense.
On the other hand, each language in Table 2 has one or more
characteristice which have encouraged this style of instructional
programming., :

The cxample given in Figure 2 is part of a mystcry prodlem
coded in a notaiion similar to the MENTOR language. Such languages
havec been uscd to specify excrcises for training skills (such as
information-gathering and decision-making) nceded in medical diag-
nosis or elcctronic trouble shooting. Cousiderable convenience is
gained by providing a convention for “stacking” of replies so that
the line marked "1)" is used the first time the student rzaches
that point in the sexercise, "2)" the second time, ctc. Also the
directives to the computer for scquencing parts of the conversation
{for eoxample, "IF ALL REPORTS, DO LAB") appear very much likc
logical expressions,

4, Description of a standard procedurc by which matcrial is prescnted

Some 9of the languages which have beea uged for writing standardi
procedures (to be applicd to various files of content) are listed
in Table 3. All of the languagus or notations in the first two
categorics had to bes programmed for the computer in a regular
computer language which could be interpreted by the wmachine. Any
of these gencral-purpose languages could have been used directly
for inatruction, but it has been found desirable 14 produce simpler
languaguea tailored to specific instruction tacks. Scw. general-
purpose languages are especially convonient for writing procedures
for interactive use on a computer, or in particular, for producing
formats for conversational inatructiomn.

For some time, prigrammers using CATO at the University of
Illinois have preparea various toaching logics or basic strategies
into which curviculum authors can place their raterial., A FLATO
tutorial logic provides tho most simple and convenient 'languege"

I have sucon, 80 much 80 that it is better called a "data format"
or set of conventions for preparing a file of curriculum materials,
An example of such a file, given in Figure 3, refers to the same
drill exercise programmed in Figurs 1, . - S

This simple notation or data format is a straightforward
. approach to 8crving the nccds of an author; it provides a fermat
into which hc places olements of the curriculum: quostions, answers
and hints to bo dclivered t. the student in sequonce., Boceus2 of
the convinienco of the videc terminal on the PiATO III systen, each
question and corresponding hint was placcd in the appropriate
location on a large shect of transparencies to be inscrtud in a

(continued page 27)

ERIC




GENERAL "Procced with investigation.”
ACCEP?T
IF /suspects/
1) "Wife, ‘brother and partner,"
2 2) "o new suspccts.“

IF /lab, rifle, glass, pipe/
- IF ALL REP, TO LAB
"I advise you to check ruports first.®
/intarrogate/ ‘ :
.. IF ALL L4B, TO INTERR .
" ' "1 advisa you request lab tests first.v
"I don't undorstand, "

I4B “This 1s tho lab,t
’ i IF /glass/" ’
. IF WIFE - ‘
',: "Glass contained arsenic."
1) "Prints belcuy to the wife."
2) "Nothing new.“ ‘
- "What is it you want?"
acc P
- m L.ua+ 1

N L

" Pigure 2% Sehﬁie‘of - notation suited for exeroises in dccision-
maxing and providing for conversation witnin a limited
contoxt.. -

o4, 3 ,
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TABLE 3: Description of a procedurc by which material is prescnted:

CATO: Jompiler for Automatic Teaching Operation, Computer-based
Jucation Research laboratory, University of Iliiaois, Urbana,
Illinnis 61803, ,

TSA: Teacher-Student AIGOL. Institute for Mathgmatigal Studics in
the Social Sciences, Ventura Hall, Stanford Liiversity, Stanford,
California 94305, )

ISI~1 and ISI~2: Instructional Systcms Language. RCA instrurtional
Systems, 530 University Avenue, Palo Alto, California 94301,

SKOOLBUL, ILearning Research and Develoyment Center, University cf
Pittsburgh, Pittsbucgh, Pennsylvania 15213,

XXXX: Unnamed extension of FORTRAN. Human Leerning Institute,
University of Minnesota, Minneupolis, Minnesota F54C95.

FORTRAN, ALGOL, MAD, .40BOL, TRAC and others useful for programming
insiructional procedures, although not prepered specifically for
that purpose.

scanner. The éoﬁﬁu:éf program succeséively presents tho question
frames, provides a hint whun the student asks for it, provides the
right answor when needed, and records rerformance data for later

inspection by tho author of thae exercise, The separation of content °

and procedure limit tho floxibility of the author {orce he hes
commi:ted himself to a particular procedure) but increase his
Outpu. ool N T S I . .

Mora recently CATO was used Tor %he preparation of a higher
lovel language called TUTOR, which is somewhat like COURSEWRITER.
Since CATO is an oxtonsion of FORTRAN on a CDC machine which allows
¢ssembly lenguage statements to be intersporsed, an expsrt and
oxperianced usar of the system has avallable programming capability
from assembly langusge (close to thu basio machino capabilities)
through procedure-oriented to problem-oriented langueges, Without

the backup provided by PLATO Sysiem programmers, however, the author )

using TUTOR still may bo cbstructed by the implicit assumptions and
limiting conventions of any one "author larguago“, - :

o5 Y

———




~ 28 ~

. Questions . Hints Answers
1 22 =0 2> =2x2x2 8
Instruction -
Seguence
2 32 - 2 32 =3 x3 9

Figure 3: PFrem a eimple program (data set) which is presented
. Yy a general procedure program ¢ ‘

3

Anothsr language Tor writing procesdures is RCA's Instructional
System Langusge: ISI~1 was adapted from Stanford's Teacher-Siudent
AIGOL (T8A4), snd ISI~2 is = modification of BASIC, The major use
of ISL~1 has been to represent the procedures for mathematios and
langusgs drills in tae Stanford projoct. In fnot, the RCA instruct-
fonal systom operating in the New York City Schools was particularly
arranged for cconomical math dr.lls for large numbers of students
(150 to 200 simultansous use.;s). The system in use ir the Waterford -
Schocls in Pontiac, Michigan, £llows a grester range nf ingtruect-
ional progvammirg using I8L-2, but is not likeoly to supportv as many
users if tho pro;reaming options are ereroiscd. -

0

TN

13 4 contains a procedure for assembling a drill exeroise
from a file of itoms such as that suggested by Figure 3, For this
example I have used a hypothetical language which includes some
agpeocte of CATO and some of ISL. Thic drill procedure could b2 made
© moro gemeral and powerful, i.e, it couid be arranged +» produce a
© greater variety of drill problems for the time investcd by the !
curriculun designer. For axample, oth>r proceduru programs have
. been designed to specify that nuabers for the problems be selected
at rendom, although wituin speoified ranges, and »o that other
problen characteristics such as rogrouping (i.c. “carry" or “borrow")
are maintaincd, ' :

- 284
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My idealiscd notation may make s°~h procedurc writing appear
accessible to curriculum cxperts having l.ttle acquaintance with
computers. However, in vcality, such programming requires porsons
expert in the particular skills of programming and computer use.
There is no easy road to construction or complex, computer-based
learning strategics.

C. Specification of an environment for programming and problem
solving

Interactive programming languages ane already available %o
users of gencral-purpose, time-shared computing systems who do not
have access to dedicated, computer-assisted instruction systems,

I have found that the languages listed in Table 4 provide many of
the features desired by authors preparing materials for instructional
use of computers. Furthermorz, the interactive mode for program
construction emphasised in some of these languages provides greater
convenience for construction, debugging, and alteration of programs
than is characteristic of CAI systems., Immediate diagnostics and
error recovery procedures allow mistakes to be correctud when
discovered; direct-mode execution of statements is useful for
displaying perameter values and for rostarting at any point within
the program during testing. PLANIT and FOIL have some of these
features for interactive program preparation aril testing,

The compulation facilities found in problem-solving langusges
are useful in many lesrning excrciz:es, and convenient computation
ias conspicuously absocnt from most languages designed especially for
computor-assisted instruction. To remedy this shortcoming, some of
the languages in Table 1 (notably PLANIT, PICLS and CH™MP] have
built an elaborato “calculation modo" or linked the "aiw. hor"
processor to a "computational" language such as BASIC

Authors of computer-based learring exercises at thL.: University
of Michigan have used languages which are convenient fo.* studonts
in the ¢9sign of oxercises, a facior which is especially “mportant
when the author is using mathematical models and simulatica.
Typically, students begin in a tutorial mode, then shift to
exploration of some underlyirg model the profcssor has designed;
some have progressed to the point of using the computer as a researcn
tool and model builder, regardless of their previous experience with
somputors,. S .

. 4
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TABLE 4: Specification of «n environnent for programming and
prodlem solving: ) .

ACME: Advanced Computer for Medical Raesearch. Real-Time Computation
facility, Stanfcrd University Medical School, Stanford, California

94305,

ALCOM: Applied Logic Computing. Applied Logio Corporation, One
Palmer Squarc, Princeton, Now Jerscy, 08540, R

APL: A Programming Languago. Education Hesearch, T.J. Watson
Rescarch laboratory, Yorktown Heights, New York 10598, Commcrcially
available through IBM and a numbar of time—eharing services.

BASIC: Bcginner 8 All—pkrpose S mbolic Instruction Codo. Computer
Center, Dartmouth College, thover, New Hanpshire 037. .. Commer-
cially available from GE, Tymeharo, UNIVAC, IRM, and others.

BRUIN: Brown Univereity Interactive language. Brown University,
Uenmputing Coater, Princeton, New Jersey 08540,

CAL: Conversational Algebraic Language. Computor Ceriter, University
of California, Berkelsy, California 94720C. Comvercially available
from Com-Share, XDY, and others.

CITRAN and RRL: CIT Translator; and Readily Bxtensible Language,
Computing Center, California Institute of Technology, Pasadecna,
California 91109,

FOCAL: Formulating On-Linou Calculations in Algebraic Languagoa.

Digital Equipment Corxporation, Maynard, Maesachusotte.

- IITRAN and CALCTRAN: IIT Translator; and Calculating Translator.
Computation Ccnter, Illinois Instituto ~f Technology, Chicago,

Iilinois 60616,

I8I8: Irvine Symtolic Intorpretive System, Computor Iacility,
Univoreity of California, Irvine, California 92664,

JO8S: JOHNNIAO Open-Shop Systen. Computer Scisncus Department, RAND
Cerporatfon, 1700 Main Strec%, Santa Monica, California 90406,

ICC: languago for Louvursational Couputing. Computation Centor,
University of Pittsburgn, Pittsburgh, Pennsylvania 15213.

LOGO. Dopartment or Educational Techrology, Bolt Bcranek and Newt aa,
50 Moulton Strout, Cambridge, Massachusetts 02138,

Nals
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"PIL: Pittsburgh Intorprotive Languago. Computing Center, University
of Pittoburgh, Pitisburgb, Permsylvania 15213, -

POP-2, Department of Machine Intclligence Univereity of udinburgh,
Scotl&ndl dae

QUIETRAN; “Quick" FORTRAN. Information Marketing Publications,
International Business Machines, Monterey and Cottle Roads, San
Jose, California 95113. DN

RUSH: Remote Usor Shar»d Hardware. Allan—Baocock Computing, Los
Angeles, Oalifornia 90067 R o '

APIL U SRS XTI B s v;'.'.*;" o :
TELCOMP, STRCOMP and ISRCOAP Bolt Beranek and Newman, 50 Foulton
Street, Cambridgo, Maseachusetts 02138.‘;50, RPN
T3N36 Syetem Development oorporatioﬁ, Santa Monica, California
304
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An excerpt from a sanple program, given in Figure 5, uses the
Pittsburgh Iatorpretive langusge PILS to sct up a gituation in
which begiuning students practice managing a simulatec Zish popu~
lation and wmanipulatirg the underlying ecological model, The first
part of thc program initialises the parameters of the m lel; the -
sscond allows a prootor or tcachihg assistant  or other student to
reget the paramotoers to values ¢f his own choosing; the third part
generaics a "history™ on which the student makes his firsi decisiorn,
The modsl itself is invoked within a conversational scquence which
represenis a simplified management situatkon. The program ie
concluded with a provision for a short exchange with the student
about optimun strategy and level of management,

6. Relative use of the four kinds of programming

More langunges and dialects fall in category one than in any
othor, and probaily more author hours have been invested in the
ccmputerisation of programacd instruction toxt than ir other modes
of instructional programeing. The "data formats" snd "drill
proccdures” have been uscd extensively at installations that have
that kind of language facility, ~ : -

Increascd use of procedurc-statemcnts with scparate curriculum
files will be beneficial for the field, and laige curriculun develop-
ment projects using computurs will require this approach for economy .
I must eay again that languages of tho procedure-writing type are
intended for computer programmors and for cducational technologists
specialising in computer applicaticns; these persons should produce
the user-oricnted languages or data formats which then provide
maximum convenicnce for thae curriculum sxpert. . T

Some data formats may take on spueial and intercesting character-
istice: the curriculum design toan can represent the dssired know-
ledgo and ekills in gome kind of structure which both thoy and ths
computer can ir*crpret; and specielised computer programs will be
set up to attcupt, through various means built-in by specoialists
in leerning and inforuation systcms, to onsure that each student
asnieves those objectives. : e

More gencrality would be acuieved hy preparing computer
prograns which assembic instructional materials from ciements of
the subject matter and relationships among these clementa. Avail-
ability of such procedures would permit the author to describe an
entire clacs of problens by one sot of statemcnts. Froa one general
description, any desired numbor of test or instruction itums could
be generated for presentation to cach student as nceded, A procedure
which agsembles or generates materials is 1ikely to have nore
possibilities for individual adaptation than one which solects
succossively or branches through a large pool of specific items.

) 13
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®Control is desvribcd in part 1 (with part-stcp numbers at loft
margin)

1.0 FOR peak_ll. FOR maz_30. FOR run=18 FOR history=T7: FOR
model = 6 STOP.

¥proctor may reset paramcters as deaired before typing "go"

1,1 PYPE "Read instructions' Regulation of a salmon f’shery."
1.2 DO part 2,

"mitiansation

2.1 FOR ontire=0: FOR total=0: FOR cycle=0: FOR year=1969: SiT
error=the tine,
2.2 FOP med=,5#{max~peak): FOR low—.5§med-
2.3 IF history=0, TO step 1 3. N
2.4 TYPE "History'" ot
2 5 TYPE "ycar catch escapement"
2.6 FOR eseape_peaklz. FOR y-ysar-hiatory T0 year: DO part 3,

generate history

3.1 FOR catch= m»d+escapuxrandom number of exror BY -.2xcatch WHILBE
run-catch= 0: roxt catch.
3«3 SET escape=run-catch,
3.4 TYPE in form "// 1/ # A '__'__", the ECD value of
year, catch, escapae, .

3.5 DO purt modol ["omputo run for noxt vea17

2. 7 SET hiatory—O

’managem\nt control

1.3 TYPE "By which strategy will you manage fishery: vscapenent or
cateh?", i
1 4 DRMAND in form » #iTHIMIH o, strategy. o
1.5 TYPE in form " %9 ##F'u tho BCD value of year,
1.6 IF thu first eharaet»r of strategy-“e,“ DO part 4, ELSE DO part 5

NS

o x‘: [RSNGB

4.1 DKMAND cacape =~ . '

4,2 IF escape >0, TO atup 4. 4, ELSE TYPR "You zust let some fieh
cascspe.”,

4.2 70 step 1.1,

4.4 FOR catch:run-oscape: I catch >0, TO stop 4,63 BISE S&T

catch=0, ,
4.5 SET escapo=run. o )
4. TYPE 1n form "catch- * " gatch. "

P

——— w—— P

~.“,,'."A v

Figure 5 From a program providing an unvironnont for simulated
: management nnd oxploration ot ﬂOdOlB.; ;
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Interactive programning languages are much nmore widely used
in instructional uxercisca thun is gunsrally recogniscd by persons
worki.ng with ‘he "author" languages in my first two lists, Usc of
inleractive languages will inorease because they are accessible
and convcenient for instructional exercises and will be used for
conputer literacy and tochnical skill courses anywsy, Onc tine-
sharing sorvice in north ozstern United 5States offers schools =
terminal device, unlinited usc of the system 24 hours a day, and
a fow thousand characters of storage for about $350 ver month,

Some of the cnthusiam for conversational couputing nay be
attributed to non-essential fuvatures: quick responsc and undor-
standable diagnostic uessagos can be provided also in rcmote-entry
batch systems, Now that ccmmercial services arc being offered to
(ard purchased by) public schools, i’ becomes incrcasingly iuportant
to isolate *'1 essential contributions of intoractive programming
languagecs, and to determine effecotive cos’ conditions. Howevor, I
am convincod that five ycars fron now, vxploratory use of those
languages for instruction will have contributcd more to education
than have siuilar trials of frame-oriented programning in ths last
five yoars,
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I1I, RECOMMENDATIONS

1. Maintain Flexibility

A1l research and development projects end most operational
ones should remain flexibl: for a time yet, avoiding restrictions
placed on usors by any one programming logic becausz of the ‘anguage
and systen. Reguirements as porceived by users contiruc to cuange,
and the language characteristics can follow aloag if not fixed
rigidly at the start.

Users should not be restricted to a single, preset logic such
as the basic Coursewriter or Flanit, or the math drill strategy of
the RCA 18/70. Diffcrunt discipiines and teaching objectives
determine differcnt approaches to computer-aided instruction, and
varicty i» author preforences can also be Justificd. If the language
capabilities do not match the needs, important human resources are
wasted trying to make a system and language do taings beyond its
intended scopa,

Now logics (or data formats or task-oriented languages) should
be eble to be propared readily in rosponse to the necds and sugges-
tions o1 potential users. The computer skill required to adapt or
extend a general-purpose language to suit a particular instructionsl

programming task is likely to be considerable, but the time required
will not be great if tac btasic langusge is suitable. New logics,
even new languages, are prevarcd with relative ease using the PLATO
conpiler at the University of Illinois Computer-based Education
Research Laboratory. Similar work is possible on sone time-sharing
gystems, although flexibility in software end quick responsc of
systen programmers to usor rcguests is not comuon outside the
universities.

Probably thc bust way to meet the requircments placed on a
system and langusge today, especially for a rosearch-oricnted project
i8 to work within a guneral-purgose system providing moxu than one
suitable programming language. At leasgt one language or application
program should provide a format for prazparing computeriscd programmed
ingtruction: FOIL, LYRIC, and a number of others can be installed
quite readily by compiling a specialised processor programmed in a
comzon languego such as FORTRAN. Others should provide for string
processing (s.g. SHOBOL), procedurc writing {c.g. ALGOL) and intor-
active problea solving (e.g. JO83). Once a lesson designer dotermines
what approach is iikely to be successful with his students and
teaching goals, that approach should be made nore economical, and
gerhapa rore convenient, through implomentation of a specific

anguage or notation. -
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For the project already committed to a restricted system, e.g.
the IRM 1500 dous not include much range in prograrming capability,
the best approach may be to preparc instructions using some more
appropriate notation and translate automatically on another computer
into the code nezded, ir this case Coursewriter II. Although this
should ease the task of the leusscn designers and manusl coders, the
programs still will be no more economical than allowed by the
Coursewriter II processor and system, The manager of facilitiss for
a school or resecarch project should have some options from 1 iich
to selcet the best programming lansuage for each purposu anu perhaps
a better machinc, o ) . :

Ideally the creative curriculum designer would work completely
free of system and language constraints, describing materials and
conducting trial student use in some gencral notation and non-
conputesr format. ILate:r the exercise would be implemented in the
language judgoed by an assisting programmer to bte the irost practical.
A general notation evolved through use of this npproach at the
University of Michigan. Each author adaptad it to his purposcs; and
programmers implemcnted as best they cowld the author's intcentions
as expressed in this communication languayc, scictimes using differe:
computing systeris as well as different languceges.

In reality the creative curriculum designer mey find even the
best anmong available computer terminal devices and data structures
too reatrictive. He should bc encouraged to carry out limited use
of procedurc-oriented learning exarcises with non-computor formats
and human teacher aids (other students and paraprofessionals).

The ultimate of flexibility in £ computer-related instruction

project is to ve quite freo to leave the computer to achieve project
goals, e.g. instruct students more offcctively or discover important
factors of individual loarning, whcther or not assisted by the comput

2. Adept to Svceific Uses and Users

Clearly the requirements are different for instruction, testing,
counselling, curriculum development, rescarch on instruction and
lcarning, or rescarch on languages and systoms. No one language and
system support package can be expected to .erve all uses and users.
However, by cereful selection and extunsion the available language
caypabilitius can be matched to specific rcquirvmonts.

‘ Differonces ameng the neceds and intorest of uscers shape the
syster support features. The author needs control of computer
processing capabilities and information storage, and he may wish to
pass on this control to tho student or other usor of his instruct-
ional procedurvs and information files, The systen should at all
times be interprotable to all users and especially the student.
When the autowatic processor guts lost and doesn't rcspond intelli-
gibly, a lcarner who actunily was on the right track vay inapiro-
priately blamc¢ his own work, and his performance oand attitude will
suffer.
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Actually any single user may take on differont roles, and should
not b unduly restricted by the language and systen, The author
should be able to move easily froa curriculum developrensy to research
and back, using the computer for data processing, modecling and
information management in pedagogical as well as scholarly work. An
interested and able teacher will be an author of now materialis as
well as & manager of instruction.

In pavticular the student will take on different roles. le may .
begin in a tutorial exercisc, move into the role of a practitioner in
a gimulated exercise, then cxamine the modcl as a rescarciner, and '
finally, as a teacher, sct up new conditions for the simulatiorn to
be used by another student., - - ’ ‘ o ;

3.  Exploit Interactive Mode of Computer Use

On-line conversational use of computers is almost ccrtain to
be more costly than luss glamerous means of access to infornation
processing aids. However, the occasional user of computers is nore
likely to bencfit from the interactivt mode of operation than exper-
ienced or frequent uscrs. Progranuing languages and learning exercises
should be selucted to take advantage cof opportunitics for the
infrequent learner-user to carry on a dialogue with the systen.

When the student doesn't know where he is in the systsn or
exercise end cannot detcrmine what to do next ho should always be
able to got a useful reply by quastioning the systen, and he should
be ablc to determine a suitable place to resume the excrcise. When
the system begins to display material in grcater detail than the
studont can use, he should b able to interrupt and specify another
mode of display or a ..ore suitable level of detail,

The learner should fecl cncouraged to test tentativa ideas and
try:out possibilitics, knowing the systcm not only will pernit such
oxplorations, but will help them to be succossful. Suitablo couputer
programs will kcep track of loose conds * . lu the user is sketching
ih idcas, accept details later, and . vo- ¢ itcrediate and inter-

p;otable reply when the us2r's instructions arc arbiguous or incour-
P ote.

4. Relate langunge Maintenancu and Systen Operation to Frojoct Goals

For a system serving authors, teachurs and stulents in day-to-~
day oporations, clcar documontation of the languages and user support
features is cssential for proupt axd offectivo naintenance. Errors

. in the procussor prograus will occur; minor additions will be
. roquired; and occasionally a rajor nodification is justificd,
Reliable servicoe and an cnvircnnont for 4radual inprovemont will
follow from sound docunentaticn,

ERIC 38E
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4 log of system use and umaintenanece is & useful managenment
%ool, The record of use, problems encountered, and goals achieved
indioite the extunt to which the operation is sorving the primary
users; the log als¢ providos a basis for projucting cost and elapsed
time required for futurs improvenents. Such information is especiall;
useful in an cxperimental system waich continues to c¢hange.

Maintynance of accurate reforcnee penuals and effective
training materials has nigh priority for projcet staff if the project
gcals emphasise use of the systen. Those exp.rt in syston design
and uso will spund considorably less time trying to communicate
to naive uscrs if the projoct purpose is exploration of language
capabilities. Documentation of computer-based lcarning oxcroise
should receive priority attcntion by the designer to the extent the
project plans to use tnc exerciscs in the future or to promote use
by othor individuals ond institutions.

Criteria for effective system operation can be mede explicit,
for examplo, by assigning a monetary value to time lost duc to faulis
in a progran, wodifications of a language proccssor, or change ovor
to a new system, Such designations will make exvlicit the relative
prioritics of astudent use, curriecnlur developmoenit, educational
research or systin experimentation.
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IV. STATMENT OF POSITION OR POINTS OF VIdw
; 1; Asssssmsm 02 A LANGUAGS AND SYSTEN

A, prcsontations fox Language and Systen Characteris‘ics

The forccd juxtaposition of two or more langhages, whcthor
by a list of aspects, characteristic samples or measures of author
perfornance and satisfaction, cannot help but encourage each
desiguier to improve the capabilities of his language at lcagi for
those purposos rcprcsentcd in the conparison.

1, Funotionxl asnects comparud against a standard iist

The couparison of languages by thc 60 “comron aspccts" in the
Bduconm comparative study omphasised similarities by prescnting
together the way in which 40 different languages would be used to
acconmplish the sane function. Such discussion prompted sone
languages designers to £i11 in a few blanks in the colwins des-
eribing their languages, that is, they added to their own language
sone of the capabllities previously desvribzd only for othe1
languages in the comparievon table. - .. i .

4L summary table arrangcd by common aspocts cunnot be couplete
and frec of error: the languages are changing rapidly; the designurs
are slow to provide current documentation; first-hand programming
T experience in :ach language 3s not possible., Differont approaches
S to sumrarising favour one langurge or another; and more¢ important,
diffcrent approaches to instructional us: of umputers re qviro
ossentially difforent languagc characteristics.

:i, Languaéos exblicitly intended to scrve differont insuructional
- programming taske should ne doscribed for purposc of comparison by
‘ difforont suts of attribucos in different tablos. v ,

In othor words, programming tools should be groupcd with others
of sirdlar purpose whon making rolative comparison, rathur than
thrown togothor vith all the tools of vorv mixud purposcs.

v PRI YY TENRSY !

ann making deoisions about languagos and systchs. thc rclative
weighting of various oritoria must be detcermined by cach project
or uscr upon considoring: a) tho age and background of the student
or other uscrs; b) the roiative inportance of rusearch, devilopment,
implementation and opcrat.ons; c¢) the relative intcrusts of project
staf’ in general system oharactoristics, program:ing lenguages, or
instructional naterials; and d) tne availability of funds of a
genoral-purposu systsm. T

L ERIC .
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Some standard format or common notation is nesded for writing
an lndividualised description of cach language so that its
cheractoristies can be interpreted readily by interested persons
who did not participatc in dosign of the langusge. In order to
communicate with potential users of computur-based systoms, a
notation for descrip diorn should be resdily interpreted by those
who have little experience with languages ard systens, {For example,
BNF is not suitablo')

2, Samplce of code, prosumably typiCJl of uger and task
requirumcnts :

The best tcst of a prog;amming languagg is through usc, and
the closost approximation for a reader not yot faniliar with the
language is a sauplu of use on etandard test situntiors.

Bach languege has unique teatures, and any snall numbor of
test programs will favour one or another. It is difficult to
ropregent tho oapabilitioe of any langusgc in 2 fgw ‘peges of samplc
programs . i

Hanj or the languages continuu to o changcd, and the sanplos
obtained one month may not be characteristic of what is being done
with the languagq six monthe later.

o : TN ; :
3. Empirical measurcs of us:fulneee' progrxnming timv, errors,
attitude, execution timc, oto.

Efficicncy of a langungc eouetimee 1a measurcd ay the number
of machine language instructions, scurece language instructions, .
charactors in the £1il:, otc. However, this measurce depends on the
instruotionnl strategy ciployed, thd propensity of thc author for
writing the same learaing tasxk description in a smallor nunber of
instructions, and hie concurn for providing reapons»s for a numbor
ot ratnup un;tkoly evontuzlitiee.

I AL S VPR N E

A major problem for evaluation aof uny componcnt of an
instructional syestem is the dofinition of a measurv of accomplish-
" moent which avoids reliance on how long the¢ student spends with the

now learning waterials. The offerts of a programmer-author should
show in concupts acquired by the studont for gkills pcrfeoted),
not just etudont time at & torminal, as if the syst.m wero baby-
sitting. i-f,Y cue _
) i

An effeetivo systcm will oncouzage ourrieulum deeigners to :
xploit tho computer modium to improve and oxpand tho content amd - -
skille taught, and to usoc tho occasion of rovision to drop sone
umaterial which io obviously usclose.

, 39"
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Criteria for judgacnts about langusges should be more explicit.
Words such as reliability and floxibility are used ag if everyonc
agreed on wrat they ncan; in fact very c¢ifferent neasures of the
implied concept heve buen cmployed. It is not nccessary that all
writers egrcc upon any single definition for a tcrm or a unique
measure for a criterion, but cach writer should nake his use of
terms and measures more explicit,

Journals shouwld adopt a firm editorial policy which reguires -
clarification of the referent or meagure of "power", "elegance",
and other such terms whcn used in publishcd reports.

B. Suitebility for the Primary Usors, Considering Backzround and
Goals o R ‘ -

User porformance (c.g. error rate) is an importsnt consider-
ation in selection (or design) of a language. Increascd training
may not be the solution; programming srrors which appear frequently
in instructional programs can be reduced by changes in the ;
translator, S

Onc¢ should not always blame the uscr for progranming errors
put look at factors in "rolimbility" of the semantics and syntax
of the language. The samo applies to rel.ability of the instruct-
ional progran, Som¢ of thu crrors which ray occur during instruction
and interfere with learning by an individual student should be
blamed on the author, or the language designer, etc. not on the
student, o o

1. Student

Students necd to bo able to get information about the syeten
operation and procedurcs at any time: Is it operating? why was his
meseage not acceptud? Row long might ho have to wailt before starting
a certain exercise? Proccdures should be simple, incluéing convon-
tions for orasurg within a message or cancellation of entire bdlocks,
indication of availability of a device for input, ete, '

- Ths student of a particular diseipline should not nave to
acquire computur skills and conventions which are unnccessary for
his study, e.g. complicatcd koyboard skills or now notational
conventions unrclated to tho subject of study, and ncecessary only
to reply to a computor tutor. e T Co .

The information prdce;eing capability of thu compuior should
bo as available to tho student as it is to thu lesson designer
or the reecgrcher. i T T

.
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Computers and programming are now becoming part of «veryday
life, and the decsigner of a computer-based lesson should not hesi- (
- tate to requirc of the learner cortain computer skills otherwise .
unrelated to learning in that sudbject area.

1

2, Instructor (supervisor or mansger f léarning) ' ]

The systct (and language) should accommodatc the instr ctor,
to the extunt that he is cexpected to adapt *he lcarning malerials
for each group of students and his pnrticular style of tcaching.

The right data on studcnt performance and attitude should be
available to the instructor at the right tine and in the right :
context; rcleovant, tinely and interpretable information is esscntial
for effoctive managenient of learning.

If the syeten is designed to run without intervention of
classroom teachers or other supervisors, thon computer mexory space
and proceseing tinc should not be wasted on festures included only
for these personncl who do not us: tho systen in operation.

3. Counscl}q:ior administrator, if different fron the instructor

Management working from a perspective diftercent from that of
the teacher may require data in a somowhat diffcr.unt format and
context: the counscllor ncods detail on individuals and in the
contuoxt of othur work or pians of that individual; the administrator
needs dotall on use of resources (personal and tcchnical) in tho
context of the total instructional systen,

An on-}ine data managoement system for school recerds would
more than pay for itself in saving administrative tine and reducing
errors in quick judgments, b o :

Most of tho dooisioné which arc padce in cducational gystems
do not justify on-demand accuss to cur.cnt datea; decision points
can bv anticipated, and many of thom are poriodic.

e e

4. Author or lesson dosigner

Staff on a curricwlum developnent project require convenience
ard predictablu opuratic- for writing and testing oexurcises; these
requirerents riay conflice with the economy and cunvenicnce riquired
for day-to-day student uso in tho schools, Torminal dovices provided
authors are morv expensive, the spced of compilaticn of new programs
is more rapid, priority iz given to rovision of matorials, etc,

ERIC
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- Data obtainable from student uso of learning oxcreises may

be scleeted and arranged differently for the purpose of revision
of the cxereise (by the author) than for asscssnent of student
performance (by the teachir or administrator). .... . .-

Control should be lcft with the author or lesson designer.
As coxamples: the usor nay prefer off-line to on-line ontry with
immediate diagnostics; ho may wish to establish some of his own
notationel conventicns rather than always to adopt thosc of the
syste programmcr who designed the language; ho may wish to change
the standard rc.lies (such =s from "wrong, try again" to "not
rccognised; try sgain"), or to edjust tho tolerance for accepting
mis-spellings or tyrographical errors in otherwiso corrcet answers,

Although there arc many tricks that can be played with the
counter registers and character rogivters of "author" languagcs,
the lesson designer rust apply psculiar commands for nanipwlating
these rudinentary olements of information processing by computer.
Playing these gamos will distract otherwise effeotive authors fron
their prinary purposo: helping learners in some cfficicnt fashion,

A procedure for prisenting curriculum matcrials should be
prepared by expert programmors according to a design doveloped by
a tean of subjuect cxports and oducational tuvchrologists; then the
writers untor material into a system which in part cen protect then
against thoir own orrors, .. . . : e . .

5. Rescarcher on instruction and leérning

* An educational rescarcher is willing to pay much nore per
terminal hour than an cducational administretos, if the aysten
provides the required facility for stimulus presentation and data
recording, ‘ .

¢
S

Resoarch uses usually require more detailcd data than teaching
and curriculum developmont, and some data arc unrelated to Lvaching
purposest latunoy, phvsiological measures, otc, : ... .. ... . ...
In somo rcscarch uscs tho couputur makes no contribution to
learning by the subjeot during the experiuent; tho researcher neod
not bo concorncd about cowputcr-based instruction contribvuting tu
gouu way to tho learning of tho studont buyond what would have teen
achicved without tho conputor, .. . .. - - PR

P o

’ . . rey EN e v o re Taaee A e oL o L o
6. Researchor on tho systoms and information scionces -
s b gy iy e oY : . ’

A projcet on language characturistics and eystun featurcs -

‘zust invest in flexidbility, uven at the oxpense of author or student

ERIC
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convenicnee. The curricwlun writcers who choosc to work with such a
project (ust be willing to aive ur convenienco for the sake of
experinentation, c.g. edjact 4o lur-nage changes, =cecpt orrors
and unreliabiiity, and 1070y or vi.cord outd.ited PYOITNIS,
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An oxporimental syuten is entircly different from an opcrational
oue: relative costs, responsive to @ifforont uscrs, cte.

Some day the oxperimental and opofatioﬁal §uiposcs car. be
brought togother ip tho_sgme‘systom.

C. Suitability for the Modo of Computer Use
1. Reutinised drill and tosting = - -

-+ A system uscd for drili ahd tcéfing should k~we a libdrary of
gtandard routines which oan bu adaptod for whatever pool of drill .
or test items tho user night like to introduce into %he system.

A user shoﬁld bo Abio‘fo add-rcadily‘to the lidbrary of routines
or procedurcs for drill and tusting. e :

e Theﬂhusoription'of daté (tééf itcms) for stahdardised rdutines
should be straightforward and convenicnt for the author,

2. Computeriscd progrgmme¢“1nst£@¢tion“' S

> - A system uscd for prescntation of programmed instruction
raterials should not require of the author much more than a speci-
fication of the text natorials as they might be prescnted in booklet
form rather than on thc computcr. .

when varicty is foquiréd 1t‘shouid bs introduccd et random or
according to paramoters under the authort!s control, ¢.g. sclcotion
from a sot of confirmatory replics or options to introduce reviow
material, o ’ S o

f Frane~by-franc writing of prograns with an author languago is
on the way out. A fow ycars fron now less than onc tanth of any
computor-based ¢oursc will be programmod by an author or his
tochnical assistant direotly in languages such as COURSEWRITER
and PLANIT,
PR SO U1
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3. Diagnoeie and romcdiation

se

A syatum intunded to provide individualiosud attention to
1carncr difficultics must have some gencraliscd proccdurcs to apply
 each time an answer is- incorrcct; full prograring of cach freme
of a dimgnostic test for all possidble studen. difficultivs is not
toasi?le for tho mejor part of sulf-tecting and remcdiation
0!01’0 308. R X e <_“, > R S e H
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Diagnogis and remcdiztion arc¢ important uses for computcrs in
instruction, for the student is likely tc bencfit greatly fron the
apportunity for intcraction with a proparcd proccedurc, This wode
of uso places correspondingly groester demands on the progranning
language canloved, - S T G » !

Standardiscd lcarning materials can be presonted cffectively
by oth¢r media than conputor-based systems, Tho more cxpensive
inforuation procossing devices and programming languagcs should be
applicd to thosu situations such as remediation where individual~
isation is not only desirabls but necessery. - .

IR -

4. Quostion anewerding. . . ..o oo ¢ oo : ‘

. Being a device for storing, processing end retrioving inform-
ation, the cousputer should be programmed to assist the individual
learnor in his own scholarly endeavours by providing answers to
questions about information sources, faot, stc.

- Ohd gﬁné;éi apbfoacH'Juét bo épplied tb mény topics and
learning exereisos if questions answericg systcms, being oxpensive
to propars, are to be practieat, . . .

- ThoﬁéifuﬁsiQQ sysfcms; designedito-rcépond to inputs of great
varicty and be applicd to a wide range of topics, bccome practical
when the fio0ld of inquiry and the format for quoestioning are suitably
restrictud. - '

5. Pile and text manipulation

Bandling filus and strings of text is not a process incidental
to computation, but a substantial part of information proccssing
sciences. In the educational sotting this mode of use should bdbe
accorded full atteniion in the library of programuing langueges

BRI AN <

The leosson designer (or the student as a dircet user of file
information) should not have to manipulate textual information with
prinitives applicd only to characters and lince, Languages should
allow suitable roprescntation for units such as words, si¢ntences,

- paragraphs, and chapters as well, and for sevarch and transformation

oporations, .. .. .r. oo or ol LHEE S
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*'A convursational problem-solving language such as APL, BASIC,
or CALCTRAN would be much more successful on e regional computing
service than an author languagc 1i'-; Coursewriter. The developmint
of high-quality tutorial nstructi: a requires a major cornitment
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of funds and personnel, including instructional desig: nn . .3ia
specialists, and programmers not usually available at ro .
locations. Typically, one porson at a sitc, almost never on a full-
time basis, nust give demonstrations, teach programming and consuit
on applications. An intoractive computing language can be more
casily taught and morc offectively used with liritcd resourcas,

The problem-solving mode will be over-valued and wisapplied,
as wa; COURSEWRITER five years ago. Howcvor, moru instructirmal
materi.ls of significonce are likcly to survive in this uod: in
the next five years, than have been seen in the computorisation
of programmed instruction in the last five years.

Undirect.d usc of a sinple programming language is not always
a cost-cffective way to develop skills in problem solving or
concuptualisation of procedurcs. The dusigner of a learning exercise
or ¢nvironment nust consider adding language featurcs specific to
the tasks thc learner is to carry out, and try to describe ways of
asscssing thc lcarners progress along any path to a solution, pecrhap:
speeifying interruptions to provide infermation about difficulties
encountered. -+’ T e B co

The spceial contributions of inturactive modo of use to student
programming and problem solving arc not obvious. Much of whatl is
said to be uniqua to interactive processors can also be accomplished
with well-conceived compilers in a system providing vory quick datch
response. /Soe VI below on intceractive mode contributions,

‘7. Graphic display

Although graphic capability is much sought after by many
computer users presontly restricted to alphanumeric displays, those
who do have the technical capability to show thu student lino
drawings and accopt sluplu sketches in return find the associated
programning tesk horrendous, Programming problems in this domain .
have not bcen solved for instructional users. s

8. Other modus not definod (i.o. growth potential <o meet
unantieipatcd user noedp) Lo '

't Other modes of usv may not be included in the listing above,
and many new use¢s are yat to be contrived, Bach places speolal
demands on the programming language and system which should be met
if tuaching and learning are to procszed in an ¢fficiont and
effective way, Computere and information processing should be at
the disposal of the lcarnmer and others in the educational system,
and programming languagcs chould be adapted to their purposcs.

S
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No larguagc can bc oxpected to have all thosc features which
may be desired by various users during its lifetime. Most languages
provide for dofinition of subroutines (separate routincs dosigned
for repeated use) with a transfer statemint which saves the present
location (or any designatcd locatfon) so that control can later
return to onc of the saved locations. Macros provide another way
t0 avoid repetition in coding by packaging a number of statcments
to be called on by one statumcnt, in gome cases with parameters.
Th: facility for adding new operations or staterintes is less common
but potentially very significant.

Some languages allow the programmer to write special functions,
porhaps in another langusge, with a list of argwaents autonmatically
transferrcd from onc to anothor. Ideally, programs written in any
other language could ove linked to instructional program so that
data could be passed from one to the othor when the student moves
from one to another {(e.g. from tutorial to a spocial simulation cor
nodel building package).

D. Suitability for the Style of Progfam Preparation

If tho progranning language capabilitics and convertions are
not matched to the instructional programning task, oxploration of
rew curriculun objectives and levarning techniques will be suppresscc
and largd scale dovelopment of matexials will be discouraged.

1. Description of successive frames or items

Morc instructionel programming hes becn donc by proparation
of frames than any othoer approach, and most special-purpcse "author"
languages provide well for this style. However, additional
provisions for establishing norual modes of opcration or calling
on standardised procedurces would reduce unneccssary rcpetition in
the instructional programucr's task. '

4
The rust straightforward approach to serving the needs of an
author may bo to provide a format into which ho placcs elements
of the curriculum. The computer program successively presents the
question franes, provides a hint when the student asks for it,
provides the right answer when nceded, and records performance
data for latur inspection by the author of the oxc.seise.

The frame-oricvnted description of testing or instruction is
a kind of computurised programucd instruction, The similarity of
the code and conversation to a programmed toxt is appasrent. In
fact, translators have been written to accept lincar {or simple
bzsgchtng) programmed toxt and derive CAI intorection with a
student,

O
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2. Provision for conversation within & limited context

Authors should be able to cuuposc couplex, conditional
procedurcs more casily than at present; MENTOR and PIANIT include
good oxamples of convenient conditional expressions by which a
procedurc can bc pade dependent on student performance. Most
authors of couputer-bvascd instruction have wade little usc of
computer logic and menory, porhaps because they arc unable to
conceptualise complicated scquencing rules, or becausc they are
quickly discouragcd from doing so by the clumay syntax of y. o=
gramning languagos preparcd for them.

: Programming for convorsation in relatively unconsirained
¥nglish may not bc a reasonable approach until some broakthrough
in rusearch on processing natural language provides an officicnt
and roliadle means for "understanding” or at lcast classifying what
the studoent says.

3. Description of a stendard proccdure by which material is
prusented

Content ghould be preparcd iin a forrm independent of particuler
computer conventions and convenient from the viewpoint of a context
specialist. The control proccdure which administers a lcarning task
should be freu of specific content material.. The answer processing
and other conversation-handling aspocts of control should be
scperate from the scoring and sequencing elgorithus.

Computor programs vhich ascunble instruction materials fron
eluments of the subjcot uatter and relationships arong those
elcoments should permat tho author to describe an entire class of
problems by onc sot of stateronts., From onc gencral dcscription,
an indefinite numbor of tos’l or instruction items shouwld be gencr-
IR ated for prcecntation to cach student as necded. A procedure which
s assembles or gonerates materials is likely to have more possibil-
’ itices of adapting to tho individual than onc which sclocts
succeossively or branchcs through a large pool of specific itens.

Incrcased uso of proccduru-statements and (soparate)
curriculun files will be benefieial for the ficld, and incrcasing
weo of couputers in large curriculun projects vwill roguire ihis
approach for ecouomy.

Pro~cduru—orient»d lenguages are for coiiputor programrmers and
for c¢ducaticnal technologists spocialieing in computor applications;
thuse persons should produce the uscvr-oriented languages or data
formats which naxixis.: convenience of the curriculun expert.

o 47_8h
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One could have too large a library of strategies and too much
individuality among stulents and topics for standardised techniquas
to be useful, :

Until instructional objcckives for o topic a: rather well
defined (for cxanplc by standard procedurcs for testing usc of
facts, concepis and simple skills), development of prescriptive
curriculum for individuwalissd instruction in that topic is not
likcly to be successful,

The practical application of standard procedure programs and
gensrative toechniques applicd to curriculum files on any specific
suhjceet arca or training situation raiscs many questions: How are
information structures to be dcscribed by the subject cxpert and
storcd in the computer for vse in sueh precedurc statements?

How are materials to be assembled ac wrdirg to general rules? Iow

is input from the studcnt to be procussed in some general way which
deternines a suitable reply? Cen patterns or sequences by identified
which prescribe certain adjustment for the student un succeeding
lea*ning oxpericnecs?

4, Specification of an environuent for programning and problem
solving

If an on-line problem solving language is suitabic for
sinulation and model building, then that langusge certainly is of
interest to dosigners of computer-based learning environment. First,
the subject cxport inay build models on which to basc ganws or
simulated practice for students to try. Sccond, he nay guide some
students through rovision c¢f thc models and construction of neow
ones, In gencral, hc wants to show students how to usc the computer
for information processing in his disciplinz; as lessun designer
he might produco a "ucntor" which advises cach student on how to
8¢t maximunm value from the conputer as a problen solving and
scholarly aid,

The most significant contribution of sinmple, interactive
vrogracriing languages may be through increascd student use of
corputers for problen solving and schilarly endeavour on individual
initiative.

E. Iuplcnentations JAvailable: Machines, Menor Siz2, Costs,
Rcliability, ote.
Variations m:ong machines, cven difforint models of ths same

rnachine, will affect the longuage features, officicney of oporation,
nunbur of usorsg, and even the kinds of use,

48\
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Knowing that a language processor is available for a particular
machine, say an IBM §/360 Modol 50, is not cnough. The spoecific
configuration (computing resources) assumod by the langunge
designers must bo detailed: amount of core meuwory, special features
such as momory protuction, number of disk and tape drives, terminal
controllers, otce.

Different implemcntations of a language processor, cven with
the came functional specifications and for the sanmc configuration
of th: same machine, will vary in proccssing cepacity and cost of
usn. ‘

Agsessnent of the reliability of a particular implenentation
of an instructional languagc and systcm should cousidoer the rate
at which new vrrors had bcen appearing as woll as the number of
presently known orrors, Although a programning systen might be
delivercd with all kmown “bugs" fixvd, the contimuing appearance
of throc maw ones cech wock thoreafter would hardly be tolerable.

F, Docunontation, Teaching Aids and System Maintonance Available

Completo and interprotable wanmuals arc ¢sscntial for various
users. Such reference matorials can bo incorporated in the
processor {computer programs) to be printed out on request or as
they appear to bo necded, but in the past such an approach has been
expenaivo and incouplute. Computcr-based panuals co.:tinue to be
attractive, ospcelally for the experimental languase which is
continually buing changed, making difficult the naintenance of
current information in printed formats,

in intrcductory manual or primer for a language and system
reduces the necd for costly live instruction to initiate new users.
Priners have beun written to be used whila workins at the torminal
of an intersotive syaten, inviting the readcer to test cach nuw
convention or concept as it is described in the text, Such self-
instruction has also been presented by films or video tapes at
somevhat greater oxpunse and lessoned convonionce,

Adequate documentation of systenm programs ofton is lacking,
making maintenance or improvemonts vury costly or impossible
(without voprogramning large sections of tho processor). An
institutional uscr should be satisfied i% has description for its
systums programmsrs, or a tight contract for maintenance fron the
software supplicr.

49"
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. 2. QENERAL IMPLICATIONS OF A LANGUAGE AND ITS
IMPLEMENTATION FOR STRATZEGY OF INSTRUCTION -

A. Data Availablé for Automatic Decisiong

If tho system is not capable of measuring the timc cach student
takes to respond, and riaking this availadble for decisions at tho
moment as well as later, thon the lesson designer is denicd this
data for his instruction strategy.

Performence snd preforence records accunulated one day should
be available the next day or the noxt month from scne stratcgivcs
of instruction, Records of individual learning charactcristics nay
be more significant in sclecting or arranging a later learning
experience, than in phrasing the next question or diagnostic within
the same exorcise. ‘ ’

Some lesson designors have wished to pass information from
one student to another, or provide sumnmary information for all,
vwhether for normative information about the lecarning task or for
communication within a many-pcrson game or simulation nonitored by
computer. - o : ’ LT

B. Proccesing Capgpi;;tx. Mmmmmm
infornation

C. Adaptability to Svocific Tasks, i,¢, Convenicnce for Deseridbing
Models, Drawing Diagrans or Retrieving Information

D. Genorality of Progedurcs, e,z, Sopargtion of Procedure from

Content, and Goneration of Material frop Gencral Rule¢s

Instructional programs in which thc content ie described
separatily fron scoring and control procedure are ¢asicr to preopare
and modify than those in which all functions are coubincd in one
svt of statements, The content can be altored or replaced without
changing the algorithms and convurscly, and relative offectivencss
can be studicd as a function of the sutting of control parancters,
otc.

For sone learning o9xurcises, the writing of such a rule to
gcnerate a large nunbor of variations will prove noro cfficient
anl accurate; a larger numbcr of itens may be desoribed more
quickly than if th¢ author werc forcud to write them all out, d
3% rcducaes the probability of oversight or orror on the part of
ti e author, At othoer times, howuver, when the number of oxauples
nicded is fairly emall or the rule is difficult to compose, the
author can save tiue by writing out each neuded variation.
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'B. Manipwlation of Files, i,e¢, Direcctorics, Curriculum Matcrial,
Performance Data, stec. - o

The facility for rccording information in a log is of specisal
significance in education applications of computers, and was not
typical of ecarlier systcms not pruparcd specifically for computer
instruction, Furthermore, the record of progranm status and of the
gccgrrence of particuler transactions arc needed for on-line

¢cisions. . .

The best tactic for record-keeping in a rescarch-oriented
system may bo to write continually a log of overything which
happons, and ‘hen let tho researchors pick out what they nced later.
However, an oporational systoem sorvicing students and teachers
ccononically should iog only the iuformation certain t¢ bve nceded
end in a format suitabls for quick and inexpensive sunnarisation
for usc by learncrs and managers of the instruction.

Filcs are vory important in a time-sharing systcn, and even
mors s0 in tho instructional miliou. Generally a hierarchy of
files should be available, the hcavily-used files on disk storage
and largor or backup filcs on tapc or data ¢oll since these modes
are cheaper. Tumporary filcs ar¢ necessary so that the terminal
user can do "scrsch’ calculations. Some scheme of access should
allow various rcad, writo, read-only and write-only privileges to
users, in accordance with the user's status, .

51~
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3. GeNENAL CONSILERATIONS OF UNIVARSALITY

k A. Universal langucge by Establishod Standerd

It is urgent that soricus consideration be given to mcans
for translating instructional materials and strategies fron one
institution and systcm to another. A standard ¢r universal pro-
gramming language is assumed to bo the key. - . o

Many pcople cormplain about proliferation of programming lan-
guages for instructionel uses of computers, but few people arc
villing to lct anyone elsc do something about it. ¥ach project,
cach nanufacturcr, almost cach individual usér cestablishos
proferences, working habits, ctec. and would not like anything like
standards icposcd on him by somcone clse,

Attenpts to iipose a single wmsjor standard languago (or a
srall number of languages) almost certainly will fail to cstablish
translatabildty among institutions. £ven if onc could asscitble
cnough supgort'to prcduce a definition of a standerd language,
inmposing this standard would b nearly impossibdle. Althcugh the
allocation of fudoral tunds for curriculum developnient might be
nade conditional on that standard, funds will continuc to come
from a varicty of sources, including the individual institutions
who generate material for thedir own use.

Although strong forces will be encounterod against standard-
isation, on¢ cormon langunge is not the important goal. Bceause
of tho great variety of purpose ard procuss in instructional
progranming, a common langusgu is luss desirable than it might be
in busincss or scientific prograuming,

If there is to be only one language which all uscrs nust share,
then it must bo sone notation or set of conventions for describing
conputor-~bascd lcecarning oxcrcisvs, or rioro generally, uscs of
couputers and information processing in support of learning and
instruction, : )

B. A Fow Counon Ianguages as Justified by Different Reguircments

Diffcerent purposes require differcnt languages. In the

. cxploratory phasces the author (or resvarch team) should have two
o or mor. procedurv-oriuntud languages availadle, ¢.g. FORTRAN and
SNOBOL, or PL/I and LISP 1.5. During lattor stagus of curriculum
developrent, and in actuwal use with learners, the authors should
: have suitable proccdurcs worked out and compiled (or coded in

- asserbly language) for <fficient sparatian, ¢.g. threc altornate
-1 drill stratugics, two nodes for explanation and expositions, and

‘ | Ed
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a nuabor of tasik-oricntod wnvironments. Perhaps onc of the }anguages
for exposition would look like COURSEWRITsR or PLANIT, but it is
not nccessary and perhaygs not desirable to begin thore.

schivvenent of standards with a differont language for sach
identifiably differcnt task is probably less likely than cfrecting
a single language stendard. All the protlums of achicving egrecnent,
aoocptance, and widespresd usc are mWltiplicd. However, the esscnce
of "universality" is not standardisation but transliatability.

¢. Automatic snd “Manual" Translation Among Ianguages of Similar
Purposu o

New languages and systcms will have greater capacity for
translation of instruction prograns from presvnt programning
languages in which they wero inplemented. Translatability is
possible without inmposing any restrictions on innovative idcas
for largusge or strategy. . :

Investuent in autonatic translation from onc lanzusge to
another is_an appealing concopt; differenccs anong learning
oxorcises in regard to proccdural aspects arc disappearing. The
najor problcm is the considerable cost of writing thesc translators,
and maintaining then as various languages arc changed.

In sonc cascs autonatic translation is not possidble becausc
of csscntial differences in hardvware., Onc systoil may lack cssential
eclock or irterrupt features. Functional differcnces cccur in the
input and output facilitics, that is, the cquipment used to display
information to the loarncr and accept his responscs.

The materinls and strategy for onu coursc were transferred to

' a now conputer systen by writing programs which automatically

generated s sot of new instructions for tho sccond pachine. The
original course designors had conccived of the packege of lessons
in & gcncral way so that the nunbor of gencretors that had to be
prograrmed was rolatively snall. Success with this approach to
translation {n part dopenis on the extent to whicl: the curriculux
designers suparetc date fron procedure, i.c. contint frou strategy.

The currcnt trend in translator writing systens (conpiler-
compilers, vacro-gunuvrators, 3te.) may provide for diversity within
a cormion snviranment. The gencral functions of inforuetion
proccessing, data structurvs, ete. are provided in a basic systcn.
kach group of uscrs still could extund and adapt the capabilities
of tho systen to its particular task and for its convenicnce. The
eluvmuntary functions or processes would remain a cowon standard,
and translation could bc¢ made through an oxpoerivneed programner
who rcproduces the capabilities rather than thoe coursc.
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Standardisation, or more reasonably, "translatability" of
conputer-based learning excrcises from one system and project to
another requires attention to hardware as well as software. C
Inportant aspects of curriculum dovoloped for a system rich in
intoractive capability (audio,graphic, etc.) may havo to be dropped
when moved to another systum limitod to typewritor input and
output.

Clearly soae useful work has been done with limited terminal
capability. If onc begins with the ideca of adaptability to various
copputing systcms and teri:inal dovices {c.g. to most gencral-purpose
tinc~shari systoms available in schools of engineoring across
the country), the problem appears solvable, .1 specific instance
in the engineering areca is the distribution of applications
packagos (STRESS, CO%0, etc.), - '

* Purhaps the computir-based lcarning excrciscs which are
a) most translatable, and b) most worthy of translation, are those
which are viewed by prospvctive users as tools or open-cnded
excreises. A tool which an inetructor can provide his studonts in
eituations of his choice and with his hest advice will havo a much
broader audience than a programmed instruction exercise which
decides all contextual considerations for the instructor. Just such
a tool is more readily tramslated to other computers and prograrming
systcms than the CAI materials with a closed approach.

Discussion of standardisation and translatebility is confuscd
by failurce to distinguish among different kinds of uscrs and
differcnt lcvels of documuntation. Automatic translation requires
complete knowledge of two systems, and is cxtremely difficult or
impossible if the intention to translate between two systems was
not considercd in thc dosign of at lcast onc of them. Manual
translation by an vxpuericnced prograrmer requires documentation
of onc typo; adoption by another user requires "documintation”" of
anothur type. Bvon with automatic translation of the basic code,
the learning oxcroises may remain vnused if the instructor/managor
in charge has no convenicent way to assess the content and methods
of the oxoreisc, e o

D, W@ggcg;gngg with a "Publication" Ianguago

Docunontation has two main functiona, that of information
transnission and work simplification. It transmits information to
potontial usors concorning: (1) contents of instruction and (2)
offoctive use and application of the program. It siuplifics work
bys (1) cnabling tho user to firnd actual or potential trouble
spots; (2) assisting tho usor to olininato problems which may
arise, ard {3) eimplifying rovision.
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At the same timo one considers the means and costs of various
kinds of ‘translations of computir programs (whether automatic,
panual, or a mixturce), onc must also consider means for informing
the individual (professor, adainistrator, or c¢ven individual
gtudont) who must first dccide whether to spoend the resources to
accomplish thc translation. :

1. Arong curriculun dcvelopers

Répf&suatatioh of a proéedure-sfatcmcnt for a curricujum
expert not accustoned to coumputers requircs an approach different
frou the standardised flow charting used by couputer specialists.

Most languages are not suitable for deseribing the content
and strategy of a learning vxercisc, and othor mecans for document-
ation ar: rarcly uscd by the authors, A significant portion of a
two-million dollar budget for curriculw: developrnent and operations
can bz absorbed by additional staff effort necessary Yo progran
interesting strategios with a language which is rot suitsble.
Typrically nothing is left for documeniation and distribution.

' The scparation of content (dofinition, facts, rclations, cte.)
from procedure (rules for review, error checking, <tc.,) nakes
documentation and translation a much easier job. :

A communication modium for talking about instruction will
promotc design of nore rcasonablo learning tasks, and scrve also
as a significant tool for advancing instruction rcscarch and
strateglos of curriculun dovelopment. -

2. To ‘ovicwors and potential users

The difficult task of sclucting n tuxtbook or refercnee source
for students is complicated when the author hides part of his
material in a computor (along with sone strategy for gradually
rovealing it to students). & potential user should not have to
unscratble the cryptic computor program 1isting, or extract picces
paragraph=-by-paragraph at a teletypewriter or CRT.

In nost cascs the essontial infornmation about & computer-dascd
learning oxorcise can bo derived without executing the progranm;
careful study of proper docuaontation should provide ell inform-—
ation a potential user noeds about the matorials and logic.

Rol.vant information 1s obtained more vfficiontly through
organiged cxploration of a doscripticn of the program than through
reading individual records of student-machine intoraction or through
blind ecarching on-linv at a studunt station for the cventunlitics
for which thc author has provided coding. .
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Actual experionce with a computer-delivered cxercise zay be
an ipgportant factor in understanding and evaluating an instructional
unit, especially if certain knowledge and technique are supposed
to unfold or develop during the lecarning experionce, An important -
conponent of gome learning experiences is affective, that is, -
success depends on an impression or feeling of pleasure, satis-
facticy: or possibly surprise, Negativu oxperiences might also be
idontified by a curriculum reviewer in on-line exporience nore
readily than in an author's statement of specifications.

3. To progrémﬂeré

. Within a number of applied research projects some means hes
been developed for curriculunm designers to communicate with computer
programmers: tables, problem formats, special notations, ¢tec. These
temporary measures have shaped the continuing evolution of pro-
gramming languages for instructional systoms, and could be forn-
alised into a suitable "publication" languagc.

Humans can interpret by context nany statemcnts which auto~
matic language processors find anbiguvous, and this machinc
deficiency can bs correct.d only at considorable expensc of pro-
gramming and processing time, if at all. On tlic other hand, the
computor programncr implementing a lesson should reccive his
instructicns from the curriculunm designcr some relatively constant
notation which can be intorpreted quickly and accurately.

Designers of computcr-based learning oxerciscs should be abdble
to communicate dircctly with the computuY, Whonever an interuediatc
programmier has to be called in, he should raspond in a way which
not only mcets the immediate need but provides automatic {computer)
handling of future requests, i,e. direct instructions from the
subject expert to the machine, o N Co

PPN

E, Natural Vorsus Formal Language

The designor of a learning exercise should be able to instruct
tho couputer system in a language natural to hiw and to his
discipline, unconstrained by artificialitics of conputer notation
and operation, [ L TS , o ‘

The formality of (most) couputer languages is a good thiag,
requiring of the user increascd attention to rolevant details of
his procedurce. If one woro able to speak to computers in complotely
unconstrained Engligh, an inpossible situation at lcast for a very
long timu, his dircctions wowld almost certainly lack the speci-
ficity rcquired for deteruinatiun of automatic prescriptive
agsistance for golf-instruction.
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o Formal language is desirable in instructional technology for

: a number of reasons, among them: tacit assumptions are cxcluded;
ambiguity is reduccd; description of proceduro beconcs more read-
able; end gencralised procsdurcs can be applied in other situations,
In gencral, a formal language appropriatcly requires the user to
reflect on what he instructs tho machinc to do.

Education and training in a discipline, in particular, thc
practical application of techniques to the prusuntation of self-
instruction and other individualised learning materials, suffor.
becausc of ihddequate communication with the English language.

The comnunity of users must usc a rolativoly unambiguous language
for discourse about purpos.s and procedures before it will benefit
from a languagc for computer implemontation.

4. SYSTEM LIMITATIONS ON LANGUAGH

A. Hardwarc

Uses of auxiliary memory for updating formatted files of
student rocords and making docisions in real time on the basis of
certain aspects of the data require direct access to specific
: portions of the information. It is disappointing to find thc disk
o ard drum storage on conversational computing systems usced in a
e tape-like fashion instoad of as the direct-access file devices
" they really arc. - - R v : '

When special symbols aro requircd as in language, mathematics -
s ! and the sciences, a printor-type terminal dovico will need special
printing ¢lements (as in the IBM eelcctric typo ball), or an
elcctronic display will ncced facility for user-defined characters
to bo genvrated (as on a CRT or plasma discharge pancl with
appropriate hardwarc attachmonteg.

B, Softwarc

When the subjcet cxpert and cducational tuchnologist becono

X distracted from thuir real purposcs by the pcculiarities of currcnt
computer systems and programcing languages, work should leave the
copputer for a time until the csscntial parameters of tho learning
AL situation are dotormined. If specifications for hunan tutoring arc
prepared as if for a morc sophisticated computer system than now

- available, tecnniques doveloped off the computur will more readily
- be adapted for computor inmplewcntation later.
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4 broadly ccneceived instruction system probably should begin
with & guncral-purpose system and add facility for nmoving from the
tutorial modc iato oty uscr sub-systems and returning when an
excrcise is compzleteds The author of a problem sct may need to
maintain cuntact with the student through sonme means of monitoring
his wick on a problem, and then bring him back to the tutorial
zode hocaus: of cliapscd timc, number of problem attempts, or cven
an artlicipat.d crror which requires special attention.

Inatructional systcms should incorporatu :any prograruiing
capabiliticvs which can be ustd by both author and studcnt, In
addition to siwple cowputational aids, somc lesson designers will
want to provide an slgebraic language, a text-proccssirg language,
a modul-building or simulation language, perhaps a specific systen
or model written for student use, or information organisation and
rc¢trieval capability.,

C. Connunicatious

sach ternminal device for communication between tho conputer
and tho user bas physical and lecgical characteristics which
dctornine the kinds of instructiorsl teehniques and/or computdr
systcn configurations for which it moy boe suitable, The suitability
factos include facility for ncssages £~ usors to computoer (input;;
mcssagss from computer to user (output,; distance bectwoen conputer
and usgcer;y cost of conuunication 1link; cost and relisbility of
device,

Tho ratc of message transmission frou student o ceoputer
ranges widely for diffcerant epplications, hut it averages out to
about or: kuypress cvery two sceonds, including the timo for
reeding and thinking. The machino scnds ucssages to cach uscr in
a burst but the ratc averages cut to about two characters per
sccond,

Conrunication costs usually ar. significant in gervicing
renote terminals in large nunbers snd/or at lorgz distaunces. 3ince
gone davices reoquire a volec-grade tolephone channcel but leave it
99% unusci, some arrangcenont for multiplexing will ellow up to
100 terminals to be serviced by a single line botwuen the computer
and the site or the¢ cluster of terainals,

If a diagram or picturc nust b¢ road from a video file
assocfutcd with the centmal conpuicr, nuch eommunication capacity
will be ruquired to get 4t out to the local terminal quickly,
Alternatively, it can bu sunt slowly teforu it is necuded, and thon
displaycd ae oftun as neccssary fro. local storage associntud wiin
the terminal, :
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D, Sumnary of Cost Considcrations

Other pedia than computers will continue to boe less expensive
for storage, presuntaticn and testing; the econonies of computer
uso arc morc Tavourablu for practice and recitation excreiscs,
where a greater degrec of oxchange between learner and data base
is typical.

The responsc timo ang operating costs for any particuler uscr
depond in largoe measurc on tho prioritics c2tablizhed for that
kind oi usur wicn the systen was deesigned 2ad tuned.

Pcehniques for proparing curriculun files riuet be nore powor-
ful in the sense of fewer hours ruequired of the subjeet export to
writc and rovisc matcrials which achicve the objeetives intended
of the lcoerning cxperioneu. Authors cannot oftin afford the luxury
of individualiy ehaping or tailoring vach linz of tuxt in cach
framc for cach kind of stuicnt. :

It is tcday chuapor, and in somc instences perhars more con-
venient, to handle £0iio desirable translator featurcs nmanually with
clurks and writing nssistents. Tho next importent stop is carcful
devolermont and evaluntion of languxge features which adapt to the

; nceds of authkors and subjuct arcas.

Conversationai languag.s ci'phasisc convenicneo, and sonctings
require consideradle additional cost in computer tine during
exceution. The number of cperatlons for interprutal on of a symbolic
progran 18 always greater than for execution of & program already
cenpiled into nachine-lovel statinente. Of coursoe a uscr nay be
willing to pay moro for exvcution if his results will be available
| imnediately and without ccuplication, along with quick diagnoctics
i and opportinitics for changus in the program at stoppins proints
throughout .

5. DFSIGN CONSIDLRATIONS

Recent adventures in tine-sharing warn of the inh°rent
ditficultics in such cndeavovrs, Initial hardware investoent is
heavy; staff monbers nust b very conpetient and well peid; rusults
lag €ar bchind offort invested in the projest. 4 pnint too often
ove: looked by plunncre of new inetructicnel projects ie ihat time-
sharing systers ne.d large dovoelopuent resnurces, much lurger then
mosat ruecarcners can affoxd.
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A. idaptability

Facility for definition of functions should bu coxtended to
provide for definition of a) charactor operations as well as numeric
ones, and b) distributcd operators which apply throughout one or
nore statenent lines. The latter would allow for definition of noew
operations with conveniunt formats for specifying answer processing.
Morc than one linc shouwld b. permitted in the definitions, and the
possibility of an operator boing distributed =mong two or nore
variable names  ast be¢ allowed in the parser.

Onc¢ way to extend a largusge to handle additionzl applications
is to provide linkage to othur programs. No on: language now avail-
able can handie the varicty of applicatisgnsg officiontly, and come
useful subroutines wmay nlrcady be available in other languages on
the saac systen, The najor problems scen to be: 1) transferring data,
2) roturning control to the calling program, and 3) lcaving the uscr
in contrel in spite of progran or system errors.

The problems with externding a language through definition of
nea opurators and statenont types concern the internal reproscntation
of thu language, sirple rules for describing now featurcs, and the
ability to rccognise opcrators distributed tlroughout a list of
variables vven on more than ent line or progran statement,

It is not obvious what the elements of prograrning should be,
Ths basic statenonts and operations need be clenuntary cnough to
rernit building the variecty of processce desired by prograruiers.
However, high livel coumands should be assigned to fregquontly used
routincs constructed by programticrs in a way that th: syntax can be
readily used by curriculun designers.

B. Econopics

Varicty and flexibility in programming capability of an
instruction systim arc notv neccesarily incorpatible with ceononical
oper.tions. varly dccisions by system designers about speeifically
whaz is needud by users inappropriatoly linit the scops of appli-
cations,

New featurcs defincd within an interpretive language for
gxccution as ncrded nust be reinterproted vach time the function
is used, and little ceconemy of oxucution rusults. The sbility to
compilc or asse bly a rovtine, link 1t to the intcrpreter, and
spucify its ¢xecution in a2 statenent form natural to the usar will
inervase convinivncee while waking ccrtein inforiiation processing
opcrations more ccononiccl to perforn,
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Onec way to accomplish soms cconomic advantage is to rcassenmble
the interprectur, adding the new statunonts, functions or opcrators
to the lunguage, This dolays avallability unlcss an inforned systen
| programmer is always at hand. Reassumbly for cne user alse raises
: Bome qucshions of prolifuratiun: Shoild he then have his owa
i special version; dc chanzes ’m the basic compilur take coffict for
everyone?

A reeent addition to the tool kit of a systun architect is
wicroprozrsrming. The nactine's instruction repurtoirc necd not
be wired-in; rathoer the processor is itself an intorpreter of
nicroprograms which aro loaded in spucial memory, one for cach
instruction. Ffor interactive and conversational usis the savinge
can be substantial in both tinc and spcud.

Bocause back:round fobs have no reeponse-tine conatraints,
thoy are ideal £ar using any oxcees {1dlc) proccssor time. Howover.
such jobas could dostroy any bunufit by sloving intcractive
responses and forcing greater overhead. Fixoed mouory can be
allecated to the resideat background jobs, but fino tuning is the
tricky pant. :

C. Modulerity

Language processors are usually designed in rodulces. Logical
scparacion facflitates locating an urror in thy processor, intro-
dveing changes, and ruprogranning the processor for uss within
anothcur oporating systen.

It 13 not the nodular conc.pt but sensible progremning which
makes a difforcnce, Scparatisn into blocks of statcuents which
have 1ittle if any intcraction is only a way to cncourage scnsible
prograrulng.

D, Dogumentation

gneourssing uscs of a syetun and languag which has insdcquatc
docwintation is likely to lead to disappoviniunent for usors snd
frustration for thosc¢ respensibic for naintaining scrvice. Brrors
or othor coneiderationa requiring riedificaticn arc certain to arise,
and the proccssore should be adequately desceribed fei paintonance
purposcs.

Q ‘ (ig':
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6, INTERACTIVE MODL CONTRIBUTIQNS TO LEARNER AND AUTHOR

A. Immcdiate and Rusponsive Reply

The vsscatial contritution of intoractive programming must
i volve rusponsiveniss of the syston, and this factor provides
sp:eial duncfits for the casual and infrequent usur. Ho may be well
adviscd, whun unsurc of the proper syntax, to try various likely
ways until the interproter accepts one and does wnat ho intunded.
Bettor yout, the proccasosr should toll hin wiat form to use tho
first timv an unintorpreotadble statement is oatered, or sofer hin
to the scetion of a rafercnee wanual which is 1ikely to axplsdain
away his confusion,

If disgnoatics, providid at thoe woiunt and backed up by refer-
cneus to readily available litcrature, can relicvo the usor of
concern for the ucans to describs his procedurs, he will give nore
attenticn to solviag the problcem. A shorter elapsed tine between
problcm dufinition and solution, and the tinc savings attributable
to continuous working scssions provide anoth:r bonus,

ftuch of tho enthusiasn for conversational coiputing languages

nay rclatoe to non-cgsuntisl featurvs; quick reeponsc and undor-
gtandablo diagrostics oan be provided in bateh systens.

B. kuso of Ceunducting w Dialogue and f.erning the Rulcs

Inturactive prograning languages lnceryorato alds for progranm
testing in a very natural way. The same statencents with which
storcd prograns arc woitten cun bo used as direet comnands to tho
ceuputer to print tho valuce of sclected variables, assign new
wvaluss to test other parts of the procecdure, and resuniv cxcecution
with any lino or scgnent of thu progran,

A rather deujp search for thg locus of a syntax crror and soue
~attenpt to interpred tho intontion of the user in spite of ambiguity
should hulp along the dialosuv betwoern user und wacaine, This
ruvquires a clevurly writt.n procussor with auxiliary wemory and
decision rules which gunerate specini usor assistancc,

Naturalness is an inportant factor isn using A langusge, and
is achiuved by inturnal consisteicy as much as by rulation to
nativue languoge. Gueneral conventions should apply throughout; the
uscer should be able to predict a rulc he hasn't “een told yot, and
cne ospuet of the notation stould not inturfere with his
rocollcotion of enothor.

O
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The dinlogue betwuen uscr and program should be itruly e
dialoguc. Thnat is, thoro may be tine when the computer should take
the initiative, sotving up stylised instructions ond asking leading
questicns, and other times vhen the user takes ovor. However,
throughout this uxchange, cach may interrupt the other to guggest
a new arrangument,

C, Floxibility During the Working Se¢ssicon

Inturactive mods »P° work shovld provide opportunity for
sketohing out an idoa, testing parts of it, going back to 1ill in
detail and make corrections, ete. The user should clcect an on-line
cnvironmaent because it holps him concoptualiso a proccdurc and 80lvu
a problem, not simply because it is an availablc way to vnier &
program into a computer,

Souchow a procussor might rccognisc when a user is naking
tenporary notcs and when he wishes his work to bu saved for future
uso. At loast tho user should be given a convonicnt notation for
designating thc cxpeeted permanence of current inetructions, and
a means to reotriove later something fourd to be of greatecr value
than originally perecived. )
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V. REFERENCES WITH ANNOTATIONS

ddams, B.N., "Rcflections on the Design of a CAl Operating Systen",
AFIPS Confeorunce Proccudings, Vol. 30, 1967 Spring Joint Computer
Conference, Thompson Books, Washingtun, D.C., (SJFF), PP.41.9-24.

The problens which Adanms had to work around in the I 7010
experincntal Courscwritor are typical for CAI systens which uzed
availablo cquiprnient, Many tcchnical problems may boe solved for
instructional uscrs by following developments in guneral-purpose
systons,

The Coru-partitioning and disk-fotch problems discussed are
alleviated in a virtial-address environment. Use of drum and
rélocation hardware arce more suitable than the swapping schome
menticned,

He provides o uceful analysis within his coutext.

Bitzer, D.,, and Skapundas, "Th. Dusign of an Economically Viable
large-scalv Conputur-bascd Education Systen", University of Illinois

Computor-tascd ¥d. Rescarch lab., CERL Roport No,X-S, also a Report
to the Commission on Instructional Tachnelogy, 1969,

Thu authors arguc for ccononic viability of an instructionul
systen, The wsticato of ton man-years for the system dovolopmoent
is roasonable, and tho "plasma" terminal upon which all drcans
rest 18 rapidly spproaching conmercial status.

- Othor aspeets in the cost estimatss raise questions., For
instanca, will authors adjust to writing conputer instructional
matorial? Scholarly books and sone texts provide prestige and
profit, and usnally felfil tho "publish or perish" dictum. Although
somnv time sharing scrvic.us do install applications programs and
pay tho author a usuv-rental, and at loast ono professional jouraal
is ravicwing couputur-dbased learning oxcreises, the arca of
materials and euthorship is a weak componcnt of the Illinois plan
appliocd clscwhurs,
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Adams, E.N,, "Tcchnical Considerations in the Design of a CAL
System", in the Prococdings of an NCET Seminar on Conputers in
Education held at Iceds, England. Scptombur, 1969,

A good tutorial for pirsons intercstud in inetructional use
of computors who are not well informed about hardwarc and system
considerationsg, although a nurvcr of spccialiscd terms arc left
undefined. The document would be a useful guide alse if refurencus
word included for more detailed information about terninals and
time sharing syst.ons.

The author provides a ugeful organisation and conceptualisation
of technical consziderations (for those who already know the content),
¢.g. torninal and comnunication opiions; svparation of proccdure
and ccntent; isolation of control functions; gencrative technigues;
and simulation. :

The discussion of systems is weak, purhaps because software
considerationg arc only half based in computer scionce and half in
education, Morc work is nceded to rolate date aboat hardware, voint
by point, to the edrinistrative, psychological and instructional
considerations,

Breud, L.M., and Lothwell, R.H., "Tho Inplementation of APL/360",
in Melvin Klercr, Juris Lkeinfelds (eds), Inturactive Systcoms for
Experinontal Applicd Mathomekics, Ascadenic Pross, New York, 1968,
pp . 390-399 .

Thie implemcntation was donw with both the APL characteristics
and tho idua of a dedicated systom in mind. The result has:

a) & suporvisor which allocates all system resourves according
to a single comprehonrive stratugy;

b) 4 system design influenced by an advance analysis of APL
usor prograns (hopefully roprosontative.;

¢} Reduced overhcad in the languago interpreter beeause of
attuntion to dutail (via specialincd progra.uing techniques),

APL is casily intorpreted in sourece form. Thus thcre is no
translatiocn 10 a syntaciically roarranqed intcrnal forn; only s
loxical ropleecement is done on tho input, Run-tiny analysis uses
transition statu dingra:s, cn officient tup-to-bottom wothod.

A nunber of storage nanagencnt and swapping tips arce ineludud,
as wull as short discuasious on urror racovery and systeu solf-
monitoring, Indircetly it supports the advice that system building
is not for novicus (suct. as CAI projeot directors).

ol x4
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BEngvold, K.d., nhd Hugt.es, J.L., "A Multi-function Display Systenm
for Processing and Tcaching", IFIP Congress 69, Aneturianm, North
Holland,

A trircodal instructional systen (author, student, or progrem)
is proposcd. Tho articlo deseribes en irplemcntation of the
arrangencnt for an (BY 360 Model 50 driving an IBM 2250 graphics
torminal, mngvold's articlc is very asimilar to an carlior ono
{CACM, Vo0l1.10, No.16, p.339) duscribing a similar systom using an
IBM 7040. Thc 2250 18 flexibls aad fun, but rathor oxpoensive and
really more powsifut. than rwcessary, What us 19 8K of independent
atorage unloas tho studont is doing vory, vory coiplex enginecring
graphics? The display of Bitzor would suffice for any of the asuthors!
demonstrations, and for most of what they proposc,

Frye, Charles H., "CAI Languagcs: Capabilivios and Applications",
Datamation (Scptimber, 1968), Vol.l4, No.9, pp.34~37. Reprinted in
Richard C, Atkinson and H.A. Wilson teds) Computer %ssistgg
Instruction: A Beok of Rgadings, Acadepic Press, 1069,

Fryc classifics languagos uwscd for instruction as: 1) convon-
Yional corpiler languagcs, 2) wodificd conventional languagces,
3} intoractive languegus, and 4) special instructionel author-
langueges,

Using thusu languugc catugories the author considurs: 1) usor
oriontation, 2) lcsson hendling, 3) rocord handling, 4) conditional
branching, 5) answor ratehing sorvice routince, 6) culeulation
fuaturcs, and 7) cormunication devicus,

Joue of th: infon.ation is wisluading and tho general discussion
is not yupportecd by speeifice buy is novertheless usoful. Considour-
ation of gecnural-purposc along with spicial-purposc instructional
languages ig important, Morc could be made about somo truly ossential
or priwitivo foaturcs found in nany CAI languages,

Frye svggusts that instructional author-languagus arosc bccause
stardand programming languages woro too difficult to usc and
experienced programming holp was too expensive., He should also
recognico that elthough tho prospcetive author nued not learn as
wuch $0 uso a spooific instructional lenguage, Lic will noi find 1t
2a8y to deviate tuch from those programing stylus and learning
taske which. originally inssired the languaga,

Furthormore, aue techniquos for cxtinding goeneral-purposc
languages (or genorating spucial adaptat.ons) will rake rolevant
computer capabilities npors accossidblec to non-gpecinliuts, anong then
the designer of conmputor-based lessons,
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Glasg, R.L., "4n EBlcixontary Discussion of Compilor/lntcrpreter
Writing", Computing Survcys, (March 1969), Vol.l, No.l, pp.55-77.

Elomentary techniques are discusscd rYor the translation of
progravming langunges. Ditailed discussion centers around a PL/1
interproter which the author uscs for an uxemplo.

A good annotatca bibliography follows the article,

Johnson, B,F., "Dusign of an Operating Systcim for the Control of
Student Toerninels in a Conputor-based Instruction Systeu, “IFIP
Congrys3 1968, Amsterdam, North Holland, .

The RCA projcet doseribed is quite straightforward technically.
The use of ro-cntrant toaching programs is a good featuro, and quite
comrion for imploncntation of systew programs; tho tcaching strategics
ardinchidel)as systui peograms in tho RCA systor,

[ A background job strzam should uso rosiduce CPU time and verious
! otner nodes of computer use should by oncouraged by additional
facility. The ayston is ratiwr narrowly concuived but well executed.
It did havo to bu redonc tc get it running in tho NYC echools tho
noxt year; current documentation is available fron RCA, and uscry
opinion from schools in NYC and Pontiac, Michigan.

Lyon, Gevdon and 2inn, Karl L., "“Sone procudural languagce olonents
uscful in an instructional unvironnmunt", Working papor for Project
CLUE, Cunter for Ruscarch on Learning and Teaching, Ann Arbor,
Michigan, 48104,

Thie papur attumpts to attack thoe instructional language
proolen on the following frongs: a) given ruasonablo dumands, what
progracining languago primitives advquately moet the requirements?;
O b) how arv the language features (or primitives) reflected in
F-?! contemporary languages?

. : Suitablc langunge prindtives aro discussed as parts of sone
LN geivral~-purposy language, If the language will bu used in inter-
R active wode, souw parts must bu implemented as an interpretor <o
oy allow vury latc binding timos novded for flexibility,

If vicwed as nn attoupt o cast light on proccdural features

o in instructicnal computing, the paper may succeed. However, the
M hypothotical languagu should not bo taken vury seriousiy. 1t'1s
2y cunborsome, varue, and patch-work: it best a skuteh, certainly not

a blucprint,
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Morton, M.S8.8., and Zannctos, u.S., "Efforts Toward an Associative
Learning Instrictional System”, IFIP Congrcss 1968, Amsterdam,
North Holliand.

The auwthers propose a computer-driven interactive terminal
linked to an associative menory with flexible scarch procedures
to solve: &) lack of integrated instruction material; b) the
inflzxible pacing and scquencing of students, Postwlated character-
intics of thc systonl irclude scusntic contont association and
lcarning (via pattern matching and adaptive charactcristics).

The scmantic uenory has bioen programmed in much sinplificd
forvi, An accounting course providid matorial formal cnough so that
koyword gcarching provided adequate "pattern matchinz'. Pointers
in th: aseociaive structurcs linked vo othor kcy words, thus
providing rudimuntary infi ential powers.

The authors proposc that semantic contont, pattorn rccognition,
adaptability (and, in additiun, nardwarc floxibility) aro the basic
components of instructional tcechirg. An cxhaustive testing of the
prototyro may provide some indioation, pourhaps cncoursging an
implomentaiion which comes closer to tosting the authors! hypothesic.

Tonge, F.M., "D.sign of a Progrwuiing language and Systun for
Cerputer Assisted Icarning”, IF1P Congr.oss 1968, Amsturdan, North
Rollard.

This is 2 wuell badanced sumary of o gyst.unn which bucane only
partially opcrable at the Univureity of California at Irvine. The
view of narly CAI lenguag 8 an ".“i¢ yoars behind 4ho state of the
prograrning art" rings tric. The :ction on the roquircments of the
UC Irvine syst.rm is cdifying, and scwe pestseript on continuing
probicms would bo uscful,

Tonik, Albert B., "Dovolopment of Bxccutive Routines, Both Hardware
and Softwave", APIPS, 1 Joint Conmputer Conforcnee, Vol. 31,
pp.395-408, Thonpson Books, washington, D,C,

This tutorial cuxpands fron an clenentary oxccutive to a rather
complex onv. Topies includo: sinple exceutive, multisrogranning,
pagirg, and ngltiprocuseore.

In eddition to tho rain articly, thurc is 2 chronoslougically
ordervd bibliography with articles dating from 1948,
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Zinn, ¥Yarl L., "A comperative study of languap.s for programning
intcractive usc of computors in instruction", Final report under
ONR contract NOOO14-68~C-0256 (Fobruary 1969}, EDUCOM, 100 Charles
River Plenma, Boston, Mass., 02114, 1969a.

This report was preceded by tha author's two centrics in this
bivliography which erc nore availadble, It includes much of the
detail promised in tho other two: cxamples of actual code,
sunmarics of langusgoes, a discussion on interactive languages, a
glossary of terus, aspeets for a syetim taxonony, and docunientation
guidclinces, :

Mora intcrpretable and dircetly uscful work is in progress.

Zinn, Karl L., "Prozramming conversational usc of computers for
instruction”, Brocoudinus of the 1968 ACM Naticnal M “furouce,
Brandon/Cystcns Pruss, Inc., Princcton, N.J., 08540 8.

Fron thoe 30 or eso availiblo lenguages for conversational
instruction only 3 or 4 recally difforent kinds have appoared.
Author suggests: 1) succcssive frame, 2) limited-contuxt conversation
3! prusontation of a cwrriculum filc by a standard proccdurc, and
4) data analyeis and filc cditing.

Four types of usors are considorcd: instructors, authors of
instructi-nal stratogics; instructional rescarchers, and prograsuscrs
and systums poople. Furthcr discussion uxplores languages in o
genvral-purpose tinmo-shering onvironnent. gxtundadility is
nentioned. Tho article concludes by osuparing 4wo low-cost extonded
languages (FOIL and FORFIT) with two standexrd languages for
converaational instruction (COURSEWRITSR and PIANIT).

2inn, Karl L., "Langueges for prograning convorsational usv of
ﬁogfutors in instruotion", IFIP Congrcge 1968, Amstcrdan, North
olland. -

An outlino of & conparative study of uxisting 1an§uagce (thun
in progruss} with tuntative suggestions for improvencents.
Rocomnendntions are derived from coumunts by authors of maturinls
for various ayston:8, The author also desoribus languagcs undor
dovelopment for a genural~purpose system at the University of
Michigan (I3% 360/67 useing thc Michigan Turiinal Systen).
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Zinn, Xarl L,, “Inplications of programming languoges for
instructionnl uscs of coiputurs in wathonatics®, in CAl in
Matnematics kdueation cditcd by Ralph T, leim.r, Washington, D.C.:
National Council of Toachers of Mathometics, 1969b.

A tutorial presintation on instructional uscs and programming
languagcs with cxanples tokon from computer~bascd curriculun pre-
pared for uathcmatics education, The scetion on kinds of instruct-
{onal progremming has bocn rewrittun for Projoet CIVE and e meoting
on corputers in cducation sponsorcd by OECD-CERI.

2inn, Xarl L., "Instructional prograuming languagos; A five-ycar
perspuctive®, Edueational Tochnology, in pruss for March, 1970,

Transcripy of a pryscntation rade at AERA in Fodbruary of 1969.
Critioisus prcecnt languages and tuchniguus for frame-oricnted
instructionnl progruuming and suggusts now approaches {o achiovoe
gffcetive and cconomical inatruction by computer in the tutorial
node, Rocommonds problom solving and proccdurc-writing usce for
now bececauss of cconcay and greator accessibility by individuals
and smallor institutions. Some of thu conclusions have boun
inco: noratud in tho background statcuont pruprred for the OECD-CkRI
necting,

CURRENT SOURCES:

ACM Speoial Intorest Group on cooputurs in cducation, a sub-

%roup of thu Association for (omputing Maclincry, plans pruscnta-

ions and discuseisns for national (USA) ard international meotinge;
publishus & Bullctin of nuws, abstrects and tuehnical notus avail-~
ablo from 4CM Hoadquarturs, 1133 JAvenue of the Amcricas, New York,
Now York 10036; nnd maintains pancls for ruviuw of mattors of
intorest to the profesasica sucg as bidhliuvgraphivs, abstracting
gervices, comparative studies, and coverage in journals and other
publications, :

Thu Commission on Bducation of the National Acadvmy of
Engincoring wnintains a Ceunittes on Instruoticnal Tochnolony
whicn ¢an by oxpueiid to give considurable attonvion %o computor
usus in cduoation in the noar future. The rugzort of s pruvious
study and information about new etudius in progriss can bo odbtained
fron David Miller, National Acadctyy of Engineoring Couniesion on
gg:cgtion - JH611l, 2101 Coustitutfion Avenue N,W., Washington, D.C.

18.

0"

ey

A i sty o Sl




-~ T4 ~

The Michigan Education Rescarch and Information Triad,
established to promotc instructional uecs of computers in insti-~
tutions cf higier learning in the Stato, paintains a file of
docencntrtion on languag.s uscd for instructionel programming with
sanpl.s of usc. Some contiruation of the rducom comparative study
of programming languages is likely; intorcested persons can check
with She Associato Dircctor for U-M, MERIT, 611 Church Strect,

Ann Arbor, Michigan 48104, -
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VI. GIDSSARY OF SELKCTED TERMINOLOGY FOR CO/PUIsR USES IN LDUCATION

- acoess $ine, Tine requircd to obtain information from storage
Tread-tine) or to put information away in storage (writc-time),

- gcousti¢c coupler. A dovice usud in place ot o data-sct to )
tremsfur infornation from the tcrminal via an ordinary tclephone
orver tuluphone lines to the coumputer and vice vorsa,

- &HI, 'iugnentation of huuwan intullect’. Cormputor tochniques for
retrioving, ri-arranging and manipulsting information, uvsually
tuxt, somctinus diegrans, or anything that hoelps onc cngage in
intollectual activity; ecuputer cxtension of human abilitics to
accomplish instruction resvarch, composition or other crcative
work. .

- algerithy,., A proc.durc for solving a problom. wWhen proporly
applicd, an algorithn alwa¥a producce a solution to the problanm,
(Cumpare with "heuristic",

- snalogus corputcer. Dovico using volteges, forces, fluid voluue
or other continususly variable physicel quantitics to roprescnt
nunbors in calculations. It ie convenient for solving differentinl
equations, sirnultanvous cquations and equilidbriwi problums.
(Sco Mdigital computer®.)

- ASCII. Ancrican Standard Code for Inforuation Intorchangu.
Tstablisned by tho Ameriean Standardas issociation as the stendard
for repruscntation of numbers in computing machinery.

- Bandwidth. The éiffercncy, exprasscd in c¢yoles per sccond,
between the highust and lowest frequcncicvs of a band or part of
a channol; a dotorminant of amount and quality of information
which can by passed por succnd, Bandwidth is moasurcd ii: cycles
or bits per second (cps or bps), kilocycles per sccond (KC, or
megacyolcs per eccond (MC).

- Batch progussing, A muthod of ¢.cration in which a r.mber of
similar jobs &rc eccumulated and processed toguther, usually
being dono in serial order, (Sve "time-sharing" for contrast.)

- binary dovicy. Having two statvs; on-off, yes-no, truc-falso,

|
- bit. (contraction of “binary digit")., A unit of information !
contunt; tho sralleet cvlement of binary computoer nemory or logic. !

- branchinz. Alturing thu course of a sut of instructiuns by
switohirg whun some rredosignated cvent occurs.

- buffor. A storege duvice uscd to compensnte for diffceronce in
ratu of flow of data, or tius of occurronce of ovents, when
transmitting data frow onc device to ancthor,

- byte. A group of bits (usually six to ecigat) ropregonting a

sharactur, for soiad conputera tho sunlluet addressablc unic of
naiory .
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CAE. Computur-assisted cducation; computer-augmunted education,

Cal, Computer-assisted instruction; Computer-aided instruction;
Computer-augmented instruction. Dufined narrowly, it refers to
tutorial cxurcisus or computeriscd programi-ed instruction;
broaily defined, it cncompasscs the cntire field of computor
useceg for instruction in which there is an interaction tetween
student and rachine (e.g. drill, tutorial, simulation, problen
solving, and ocholarly aids),

CLL. Computor-sssistcd learning; also the namc of an on-linc
computation languago dovoloped at Burkeley, and a coursuvwriting
“language devoloped at Irvine,

CBI. Coemputcr-bascd instruction. Sinilar to CAI aud CAL but lcss
uscd,

CBL. Cowizputcr-bascd learning.

charnvl, A path for clectrical transmission between two or nore
points. Aleo called a circuit, faciiity, linc, link or path.

charactcr. A digit, lotter or othoer symbol, usually requiring
3ix or oight bits for representation in digital computera.

CMI. Conputcr-managed instruction, The main fanction of the
comyutur in this case is to assist the teacher in planning
instructional scquences., Tne actual instruction may or may not
involve thoe coemputer, )

compilor. Couputer prosram for translatien of instruciions
exprosscd in e uger lengunge (v.g. albegraic formwlas, logical
oxprossions or tranafurs of control) into a machine language
{e.g. binary nunbors signifying basic uperations such as add,
conpare, storuv and juups.

gore. Thv rapii acciss nemory of a cuntral processing unit;
usually made of wany smatl rings {corus) of magnotio matorial
which may be in either of two states of polarisation,

gouréo. Used rather loosoly to moan any instructionsl sequence '
or couputer-bes.d lvarning cxorcisd.

CPU. Contral Processing Unit. Tho cuntral scction of a computer
including control, arithootic and menory wiss,

CRT. Cathodo ray tube. In common use ar & tolovision-liko display
dovicu for dravings and tux%,

ouraor. A point or linv of light die?luycd on tha CRT and under
the control of ¢ither the us.r or the corputer to indicate the
point a8t wh’ch tho noxt display or cditing oporation is to occur,

s
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data-photic, 4 trade werk for the data scis menufacturcd and |
2uppliod by tho Bell Systen; a service mark for tnc transmission
of data over the regular telephone network (DATA-PHONE Scrvicg):

data-s;t. & dovie: for trensuiscion of data wver the regular
tclephone notwork.

debug. To scarch for and correct arrors ("Bug") ih.a cOmbuﬁér
progran. ‘ ‘ -

diskpack (also disc). -\ stack of disk-like platcs ccated with
magnotic watorial fox the atorsge of information; bits can bo
storza upon and road fron surface whilc pack ravolves at high
spocds, sonewhat like n otack of phonograph records crossed with
a tapu rececder, - T . : .

down-timu. Tirie whon /& couputur is not available for operation,
usually bocausc of e failure in the equipient,

drut. A cylindrical drui coatcd with mapnetic material for che
storagc of information, Bits can be storcd upon and rcad rrom
surfaco whilu it revolves -at high spceds. ; -

duplox. In coupunications, portaining to a simaltancous two—\ay
and independent tranemigsion in both directions (sonctincs
referrod to as "full duplex"). (Contrast with "half-duplex").

faceinilc (FAX), Transnission of picturus, naps, didgrans, <te, .
Th¢ igage is scanncd at ths transnitter, rcconstructed at the
receiving station and duplicatod on some forum of papor,

fecdback., In prograrmmed instruction, groviding the student with
information on corrccetnecss of his last ocutput or response. The
fo.dback nay bo designod to correct a student's incorrcct responco,

%;g%inAn orror rvturn tcﬁnd in tho right margin of tho conpile
ieting, -~ - - B

- flow disaram. A schematic or block ruﬁrosontation of programming
strategy. P _ . .
frone, Tho swrallest uait of programned instruction usurlly consists

of information and/or a question, an opportunity for an answor,
and eume provision for ch.cking the anawur, -

~ gonerative gac¥g;gqu. Standacd patterns or procodurces, or

algorithus applied t¢ curriculun filea for ths gonoration or
asscnbly of sequencos of instructional matorials; an altcrnative
to frano-by-frane progranming. . | - ’

nalf-duplox. Pertaining to an nlturnate, one~wéj»at-§-time,
indepondent tranerdssion (somotines referind to as "ainglo).
(Contrast with "duplex".) . - .

Lo
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hardwaro. The¢ cquipnent conpononts of a compubter system; tho
machinery as opposed to the programs which arc run on tlic machirury.

heurigtic, A guide to finding a solution to a problem that cannot
be provud to always result in a solution,

insiructional prograwiing language. A coputer language or
notation particularly suited to tho description of instructicnal
procedurcg for computer delivery. (See "progrerming”).

intoractive. Coamputur opcration providing for exchango betweon
uscr and program (or system), whichever may take the initiative. .
4n intoractive drill program checks the tinmo and accuracy of
answors and responds immediately te¢ the user; ar interactive
problem solving system responds to solution attonptes by the user
and sllows modification in the procedure at the moment, (For
non-interactive, sec "bateh"),

interfaco., 4 shzred boundecy, for oxanmple, the boundary between
two sub-agystens or two dovices,

intcrrupt. . hardwarc fcatur: which allows the conpuicr to stop
vorking momontarily on one task, handle the interrupting task,
and rovwrn to the fivst without losing information or interim
rosults of procossing.

INVATS. Similar to WATS but allowe inward calls on a flat monthly
ratc.,

1/0. Input/output of information to and from computere; usually
rofers to devices such as an elcoetric typewriter, card rcader
and punch, paper tape reader and punch, printor, otc.

IPI. Individaally preseribsd instrustinn, Originatod with an
instructional projuot at the University of Pittaburgh's Loarning
Research and Dovelopmoent conter, now usid widely as label for
strategy of individualising solcction of cxercisos and rate of
work for each studont.

K, Thousand; ¢.g. 32K words of ncuory mcens 32,000 words of
conputer nenory.

1DX. lLong Distance Xe:‘ography. A name uscd by tho Xorox

Corporation to identify its high spovd facsimile systcm. The
systun uscs Xorox torminal cquipment and a wido band data )
cormaunication channol. -

(studunt rusponse time). The timo frou the display of en
inetructional stimulus to the start or completion of tho
student's regsponsu. ’ :

dight-pon. A photo-scnsitivo devicc usedwfor compunication with
2 computar via a cathodv ray tubc; an clcetronic pointor.
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lincar programming. {a) Mathematical: techniques for optimising
a lincar function of suveral variables subject to lincar
ingquality constvaints on som: or all of thoe variables;

(v) instruction: the sirplest form of programmed instruction
or CAI; all studonts Pollow the smuae scqucnco.

linc-switching, The switching technique of teuporarily connceting
two lincs togcther B0 that the stations directly oxchange
informatcion.

link, Sce "chenael",
log., To recoréd student-cciaputer interactions.

memory. Thy storagu copponentes of a computer's central processing
unit in which dits of information arc stored and from which they
may lator be recalled. (Sce also "storagc"),

picrowave,All eloetromagnetic waves in the radio frequency
Bpectrun abtove 890 mogacyclis per second.

model. An idvalised roepres:ntation that domongtrztes the relation-
ships betweon rolevant variables. Models are usced t0 hottur
understand and control a real situotion.

nwltiplexing., The division of a tramsmissisn facility into “Swo
or more c¢hannols,

off-1ing, Proc.ssu8 performed outside of the operation of the
cuntral procussor of = conputing syston,

on-lirc. Connceted dircctly tc thoe central conputer, o.g. an
2luctric typovwriter in dircet communication with computor
procoessor,

oporating eyetom. The collection of programs (softwaro) waich
dircet or suporviss tho utilisation of pracessing conpononts
and the uvxucution of prograns.

partition. Running tho corputor so that diffurint tasks, porhaps
vatch-processing and time-sharing oporations, arc perforned
sinultancously. Time-sharc oporaticns can be given priority.

Rollinz. A cintrally controlled wethod of ecalliry a numbor of
paints to pornit them to transmit inforuation,

kort. Thu physical facility for connveting a phone 11n5 fron a
usur terainal to tro computer.

nfgafggg;ga. (a) Instructionalt the conatruction and arrangoment

of olcrunts of luarning oxercise and purhags self-testing in a
way spioifically desigacd to pronote uffuctive and officient
lecarnings (b) conputor: the construction and arraigenont of
olomonts of & procedurv gpooifienlly dosigned to achicve a problen
golution v ' demonstrate a procusn,

L O]
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RAND Tablot. A metal writing surface developed by RAND Corporation
for input of graphic information ¢ a computer through usc of a
special writing stylus,

randon accese, A facility whercby information can be rcturncd
from aay part of a storage device rapidly at any time.

real~-time, Poerfornance of proceseing durdng the actual time the
phyeical process transpires, in order that zcsults of the com-
putation can be uscd to guide the physical process.

resuvonse tire, The aount of time clapsed between goneration of
an inquiry at a data comsunications terniinal and receipt of a
r¢sponsy from the computor at that same terminal.

RPQ, Recquust Price Quotation. Spceial eguipnment featurce which
night be provided but are not included in annocuncements and
price lists.

goftwarc. (a) Computer: prograus as contrastcd with computer
conponunts (soc "hardwarc"); (b) instruction: curriculun materials
85 contrasted with computer facilitics or peopoe.

station. Onu of the input or output points on & comaunications
systcm.
storagoe.The capacity of an inforuation processing system to put

aside or sav. for futurc usec bits of inforraticr. (Sco Yecere'
and "disk"),

8toragy protuct. A hardware fcature which prohibits one usur
in a sharcd systen from using or changing information storad in
nemory allocated to cthor usors.

fgndcgﬁ station. I/0 cquipment dosignod for student use in
nteracting with a computcr,

tcaching logio. /i pattorn or stratcgy for insiruction into which
various toplcs or octs of questions ama answurs may be placed.
tolo-precessing. A fom of information handling in which a data
procossing systun utilises telographic cormunication facilities,
0.8 using a computer rcmotoly via teluphone linca.

telctypowritor_exchangd sorvice {1WX)., An automatic toleprinter
exchango switching servico provided by the Boll Systow.

talpak. A gorvice offorcd by comruninations common carriere for
the lezeing of widu beand channels butween two or moxro points,

- fexminal. A point at which information cen cnter or leave a

cormunication nutwork, or the 1/0 device used at that point.

b M s A
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tic-line. A privat. lince communication chanuel of tho type
provided by comnunicatione common carriers for linking two or
uorg points togecthor,

time-shariyz., A mothod of operatinn in which conponunts of a
compuber facility are shared by sovoral uscrs for diffcrent
purposcs at (appar.ntly) the same timc, Although cach deviee
actrally sorvices onc uscr at a time, the high spceed and mutiple
conponentes of the facility give the outward appeerencce of handling
many users sinultancously.

transiator. A couputur program which accepts statcmunts or
instructions written in one language and producis statcernonts in
anoth.r lenguage or perhaps dircet iustructions to the computer
for escevtion, {(Suo "cuupiler”}.

voldce gradg channcl. A channel suitable for transizission cf
specen, digital or esnalog data, or facsinile, gonorally with a
froquency range of abont 300 to 3000 cyclas por sccond.

wido arca telephonu scrvice (WATS). A service provided by telephone
conpanics whichi pormits a customer to nako e¢alls to tolcphoncs
in somv guographic zono on a diel basis for a flat nonthly charge.

vord. A sct of bits sufficient to exproes one conputer instruction
usgually 12 to 48 bits long dcpending upon other charactoristics
of thoe maching), Usually thu equipriont is wired to transfer ono
word of information at a time,
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