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HYPERTEXT + YUTOR = HYPERTUTOR
James A Schuyler, Northwestern university

Abstract: The EYPERTUTOR incorporatés the ideas of a "Hypertext"
{a word coined by Theodor K. Nelson) and the TUTOR-IV programming
language used on the PLATO-IV system. The HYFPERTUTOR 1s a part
of Northwestern University's MULTI-TUTOR system and runs on a
nen-PLATC, non~dedicated CDC 6400 computer. It has successfully
been transfarved top pther CDC 8000~geries and CYHER-70 computers.
This paper outlines the raticnale for creation of suech a system,
gives the background of MULTI-THTDOR, system structure, compati-
bility problems with Plato's futor, lists current MULTI-TUTOR
gites, and outlines the clearihghouse fopr leaspns now being as-
tablizhed at Northwestarn, It concludes with an analysis of
current operating costs on the MULTI-TUTOR system.

Bacgyrouud

The MULTI-TUTOR, including the HYPER-TUTOR, really exists for a
gingle reason -- to make the transfer of Tutor-language coursewarc*
from FPlate to non-Plato sustems possible (and vige varsa). The
reaspns for this desire to transfer courseware, and the many prob-
lems complicating transfer, are the subject of this paper.

There is really a single basic reason for transfer of C.A.I. course—
ware =« 1t takes so lony to produve C.A.Y. instructional units that
the cost must be shared among many institutions and studantz to
make it worthwhile. The sharing can be done by creating gigantic
C.A.I, sygtems such as Plato} where 1000 students may be connected
to the computer at once, or it can be done by phusically transport-
ing courseware to many different locations to be pun (the TICCITE
approach) .::

The MULTI-TUTOR (previously called HyperTutor) was created in res-
ponge to three apecific needs:
2) We needed to share the cost of lesson development, as outlined
above, The potential to tranafer our lessens to Dlate systems and
regaive royaltles, as well as the pptential to Import Plate lessons
1g s¥i111 the overwhelming fagtor. .
b) People who cannot afford the cpst of extra equipment, terminals
and software to run an actual Plato aystem still would like to use ]
the Tutor language, so that their programs will be fairly compatible
with Plato svustems in the future. Many ingtallations have hundreds
of CRT? terminals, and cannet afford to trade them en the comparatively
costly Plato terminsls as this would reduce the number of terminals
avallable to students. In addition, even though the cost of the

[

-

* The term "coursewsare" [ncludes computer programg ("software™) and
associatad documentation For students. ’

¥
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Plata tarminal is exipected to decreage, 1t shows no signs of

doing sc in the immediate future.' MULYI-TUTOR provides some-

thing to do while we're waiting.

¢) Mzny programs written In the Tutor language do not reguire L

. the Full capabilities of the Plato system or its terminals.

In the future, as well as the present, these programs should be

run on inexpensive CRT terminals, rather than wtilizing the

costly Plato termlhals.

There are some reasons for mut.icm in discussion a.f the transport

f Tuteor programs :

a) Some programs reguire t:he communications provided by Plato
in i*s 1000~terminal envircnment. S&uch programs should net be
transported unleass the target system can support these commni-

, catlons.* ‘

b) Same programs really make effective use of the plasma-panel
graphics as part of the teaching process (as apposed to the
*balls=and~whistles" use made of graphics in many Flato programs}.
These may be run on MULTI-TUTOR, but still require a Plato termi=
nal (which MULTI=-TUTOR Supports).

z) Some programs require the instant response Plato can give.
Brackettd discusses this point, and claims that if a Plato
program does not "feel" the same on another system, it will lose
' its educational effectivensss, MULTI-TUTOR can run in this

way, but the operating system must give CAI top priority.

The MULTT-TUTOR/Buperfutor approach

MULTI=TUTOR provides most of the commands of the Putor *language,
plus an "editing” and lagson-creation tool called the RyperfPotor,
to users of Control Data 6000 and Cyber-7(0 computers, running
under stzndard Kronos or Scope operating systems.”

Two asgoembly-language programs serva zg the bazsa of the system:
a) A syitax scanner and translator (READIN) -which converts
Tuto.” programs Into Micro-Tutor, which can be interpreted durlng
interactions with students. (This iz roughly the function of
Plate's condensor program.}
b) An interpreter for the Micro-Tutor K language.

On top of this base stand Tutor Iessons written by.courseware
. authors, and a numbar of "gystem programs®, all writien in the

Tutor language: - Y
a) The Hypar-pPditor (Hyper-level), ]
" b} A more conventional text-editer, -
. * MULTI=-TUTOR doeg, in fact, support many communicatlons tools. But, ":'
in practics, local MULTT~TUTOR usera may find that ithe operating
systewn or physical facilities may make them difficult to use. N,
e
E
L]
s 1
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©) A mign-on program which dewermines tho type of terminal a
student ig using and sete operational parameters for MULTI-TUTOR,

d) All communications programs, and

&) An exeqution-error reporter and processor which gives feed-
back to courseware authors about gtudent problems,

: The MULTI=TUTOR was designed to provide & lesson-organizing structure
| much like Theodor H. Nelson's proposed Hypertextd, ehis structure
would make it possible for students or teschers to browse through
axist.ing "public" lessons on each computer system. Because the
Hypertexe concept war combined with the Tutor language, the system
was originally called the Hypepfutor. It now subports the opera-
tion of Hazeltine, A.D.D.S, Taletype-replacement terminals, Plato
and Tektronix 4023 (CRT) terminals. It does not reguire dedication
of any part of the computer, running as a regular time-sharing Job.

extended core storage (ECS) ag on Platn. Bacause of the flaxibility /"
of this gystem, it ig now called the MULTI=TUTOR.

The MULTI-TUTOR is composed of three operatianal levels:
a) The HyperTutor, an Interactive "ediltor" where the authors of
Courseware manipulate paragraphs of toxt, answers, actions to be
taken contingent upon students' regpongeg, objectives and flow-charts
) - for lessonsg. The terminal used for interaction gt this level is
nermally a Plato terminal with touch-panel, because HuperTutor de-
pends heavily on graphics and quick intoraction. The HyperTutor
produces Tutor commands to be used at the next’ lower loval.
b) Tutor, the high-level language, may be used directly by program-
mers, or may simply be used to process code prodyced at the. Hyper
level, Some authors prefer to create courseware initially in the
HyperTutoy, than slip down the ladder to edit that material further
in the Tutor level. FExperiments done heye at Nerthwestern have shown
a reduction in lesson preparat_ian time of approximately 25% when this -
approach iz used.
o) Tha Migro-Tutor. Here the actual functions reguired to service the
& student are reprasented in a Tutor-like (but more detailed) form.
Thig Jevel of the system is the one we antimpate using to support other
"hard core" C.A.I. languages*in the future. All that is required to
add a new language to the gystem iz the creatich of a suntax scanner and
translator. Nobody programs at the micro-level; it iz simply the repre-
sentation chosen for the concepts critical to all €.A.71. languages,
and only serves te drive the Interpreter.

* "Hard core” C.A.I. Is the term used to reference systems in which a
apecial-purpose lahguage or equipment are used for C.A.T.

Legson materials <an be swapped directly from disk or from high-speed ’

Plycaibytad by DynEErs
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History

The degign and programming pf MULTT<TUTOR began in Tate 1972,
and althnugh the system 1s perfectiy operationzal, it 1s constan'
1y updated to provide compatibility with the ever-changing Tutor
language, During 1974, MULPI-TUTOR (under the name HyperTutor)
was transferred to othar uplversities for preliminary tests. By
July, 1875, it had been shipped to seventeen sltes, and was
known to be operational at seven of these.

one major pitfall in the growth of C.A.I. systoms has bewn the
digtriution of systems without courseware to accompany them.
In Saptember, 1975, when MUGLTI-TUPOR is officially released, it
will be accompanied by a vourseware exchange serviee, In the
initial exchange will be lessons developed and tegted at Nopth=
wogtarn, 8 C.A.T., Pediatrics and Linguistics. From this smali
baze of about fifpy lessons, the exchange will be expanded to
include lessons created on Plato as well as other MULTT-TUTOR
aystems. .

Current MULTI=-TUTQR development is concentrated on the develop-
ment of the HyperTutor program described in a later section of
this paper.

Compatibility

NULTY-TUTOR 15 not completely compatible with Tutor in the zenge
that it accepts the full Tutor language. There are several lavals
of compatihility which MULTY-TUTOR supports:

a) Any MULTI-TUTOR iescon shovld run, unchanged except for char-
acter set translations and a few simple replacements done by a
Snoboel program, on Blate. IF 1t does npt, the condition is not
intended. '

b} Plato lessong incorporating no line-drawing or author-de~
signed characters, will run on MULTI-TUTOR's character-oriented
ORT terminals. In addition, many lessons which use graphics do
not use them in a substantial, educational, way. Thege alsy can
be transferred at thiz level. These lessons may also include
common—storage and datasets.

¢} Lessons lncorporating'graphics, inecluding character sets,
can ba run on Pilato terminals connected to the MULTI-TUTOR.

d) on the Kronos operating system only, single keypresses can
be processed, allewing a much more flexibla interaction with the
student., The speed of this -:,Jrz:r::tu:.'nl:'avss.f.,ntét depends to a large degree
upen local operating system variables,

e} MULTI-TUTOR will not suppart the echoing of gpecial charac-
tor mots to the student typist, and therefore 15 contraindicated
for language lessons requiring strange character sets. .Speclal
local systems with front-end computers may be able to support
such echoing, but Plate s a Ffar bLeiter cholice.

*

Coursewara transfer, in both directions, depends upon simple
character-set related conversions. These are row performed by a
Snobol program at Northwestern.

o ’
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Potaptial for Courseware Exchange

MULTY-TUTOR is now operating at” at .Zea.-st sevensltes:
Nortimestern University, Evanston, IL
The Unjvercity of Texas, Auatin, TX ’
The University of Colorado, Boulder, O
Nass. State College Computer Network, Boston, MA
McMazter University, Hamilton, ontariec, Canada
COW0 - Univergity of Amaterdam. Amsterdam, Net:herlands
Oregen gtate Univerzity, Corvallis, OR

A number of other institutions with substantial lpnterest in C.A.1,
currently have MILTI-TUTOR tapss and are in some stage of imple-
mentation, Implemsntation at the sites known to be running has
taken at mogt a few days, with mozt making successful Implemen-
tations in_les=s than a day. Several sites other than Northwestern
are known to be developiny courseware — the extent of these com-
mittmonts lg not known. Ne, therefore, do not expect a great in-
filux of couregsware from HULTI~TUTOR sites for another year or two.

We are currently seeking courseware from Flato authors for the '

exchahge. Implementation of this courseware will pracede cavtiously
until we ¢an gnsure proper compatlbility with Plato's Tutor, and
then we will releage the courseware for other sites with Plato
tﬂmiﬂﬂlﬁl

The MULTT-TUTOR courseware clearinghouse will perform sevaral
functions, and is patterned after the CONDUTTS model:

a) Courseware to be transferred between Flato and MULTTI-TUTOR
will be unblocked and some character conversions performed so that
it can be easily read on MULTI-TUTOR systems. MULTI-TUIOR course-
ware for Flato use will alsp be blocked and convarted.

b) Yechnical validation will be performed at Northwestern, using

Lerminals of & type sultable for the courseware in questfon. 211

programs must run without bLechnical flaws to pass this stage.

) The elearinghouse will then suggest appropriate people or
organizgtions for review of the content of the legsen. Cereifioa-
tion in the «CONDUIT organization 1s an appropriate model == disci-
bline committees in recognized academlc areas review the course-

: ware's content and strategy.

d) Courseware which has been passed will be catalogued and re=-
leased to MULYTI=TUTOR users.

Experience has shown that it may take a year or more for coursewars
te reach the cxtalog stage.

Royalties or single-gale payments will be made to the authors or
owners aof courseware used on MULTI-TUTOR suystems. MULTI-TUTOR
reports all lesson usage scrupulously.
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‘ Documentation
C.A.T. ourseware includes not only the domputer proyrams, but asto=
clated documentation aiméd at teacher, student or proyrammer. Using
the proliminary documentation guidelineg prepared by conpurT,%and
input from C.A.I. experts participating in a C.A.I. task-force for
CONDUTT, we have prepared preliminary check-lists for C.A.T. docu-
mentation. These are divided into three parts: teacher, student
and programmer (or technical).

Teacher documentation:

This documentation ig expected to give the progpective adopltor an
averview of the material, followed by all detalls necessary to run
(but not necessarily change or fix "bugs" in) it. It is suggested
that' this documentation include:
overall informaticn: A statement of the availability of tha
materials (time requiraed for shipment, cost, procedures,
Jocation of the source, copyrights or other restrictions,
and limitations for liability of error). A list of other
centers using the material would alse be useful, and a
statement of what local support is included.
2An abstrask: The abskract incjudes the descriptive title of
the package, authors' names, original source, names and lo—
cations of subsequent medifiers, a summary of the substantive
content, statement of educaticnal objectives, specification
of the computer's unique jhstructional role, background re-
guirements for instructors-and students, level ¢f student,
referances used in the construction of the program, a
statement of supplementary materials needed (text, film, etc),
instructional strategy and logic (e.g. drill, tutorial, linear,
ingquiry, etc.), and citations of published zeviews.
Educational documentation: I't is desirable to include the thec—
retical foundations, formulas and techniques of & substantive
nature, relation between program and ¢ourse materials, regom-
mendations and examples for use in a standard curriculum,
descriptions of how computer activivies have been integrated
into the classroom using this packaye, a statement of expected
time allocation for students, faculty and computer eqitipment,
suggested methods for evaluating student performance, reports
on actual use of the materials in c¢lage, and sourceg of infor—
mation on formal evaluation (e.g. published results). '

Student documentation: “

Documentation For the studant is expectad te give an overview of the
material, plus specific ingtructions on how to use 1t.

Abstract: It is recommended that the student be provided with the
Ffull apstract as outlined above. In any event, g/be should be
provided with: bescriptive title, summary of substantive content,
statement of educational objectives, background regquirements for
students, a statement of supplamenkary materials needed (text,
film, etc).

s




MAY B 2003 14:23 FR EDRS-DYNCORP IZET TA3 448 14682 TO 14156816493- FP.18-19

F " l - ™ .-u . u.* .¢ ’

- [}

Bducational documentation: It 1s recommended that the student be -
brovided with at least the theoretical foundations, formulaé-
and technigues of a substantive nature, and relation batween
program and course materials.

Technical documentation: If the student is expected to make any
modifications to the program, s/he should be provided with full
tachnical documentation as described bellow for the Drogyammer .
Otherwise, it should include: a rough explanation of the
brogram's logical organization, dascripeions of gample input
and output (if not adequately explained interactively, or if
the student must prepare input before the sessjon), test
data and expected results, a full list of terms and available
cptions and how to exepcige them, and an explanation of any
pProgram-generated messages and how to correct asspoiated faults.

" Iocal decumentation: Instructions on how to use the local computer,

examples ghowing use of the local computer, a setup axample of,

- how to access the pregram under congideration, notations or any

/ significant differences between the local version and the -
versal model of the program, and information on tundioal run
times and costs. It is also recomwended that this infermation
contain names and phone numbers for 1) the teacher, 2) personnel
at the computer site who are familiar with the program, and
‘3) consultants who can help with computer problems.

Frogramper documentaticn: )

an
The programmer is the person who irfitially gets the package of les-
Sons going cn the local computer, and ig respensible fer lecal techniw {
cal verification before the programs are used by stvdents. Thus, the.
full packet of informatioh for teacher, student and Programmer should
be availablé to him. However, specific technical information ig
alse needed as follows:

Tochnical documentation: An explanation of the program's logical
organization, an explanation of tae funotions of discrate modules
within the program, a weli-commented program listing (usually on
tape), sample input for all options, sample interactions, ligtings
of output generated by gample data, full description of output,
suggested test problems, full list of terms and options, an ex- .
blanation of program~generated messages and the =onditions which
cause them, a glossary of variable names and their yoes, list of
counters and their uses, auxilliary storage sreas; gupporting
programs, files and common storage areas. If flles or datasets
are used, Iinclude a description of. file organigation, Indices,
security procedures and passwords. A good gystem Flowchart

Y\, should always be included.

The programmer uﬁl,l. often be the person to write the local documentaw
tion for the students, and for this reasen should be familiar with the
operating system and potentiel student problems. . -

‘ ' | ‘8 - | ‘L ow 7
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Cost of MULTI-TUTOR

We have conducted some short t:ests' te determine how muc:h it ix costing

us to create legecons using the MULTI-TUTOR, anrd the factors we have

! included are lisged below: :

v - Jost component. . time component
C.R.T. terminal (&2,000) '

lastz 5 years, uzed 8 hours per

day, 5 days per week, 50 wesks .

er gear. (10,000 hours) ¥ g .20 per stud. hr.

Repalr bills,per terminal
ESt. $300 per year (2,000 hrsfyear)| ¢ .15 per'stud, hr.

Modems:last 5 years, as for term'l. "

rmitial cost §300 § o3,
A Phone: dial—q'p local I1ine
Est. $15.00 per month § .09 "

Cost of C,A.I., operating system
$1,000 per year to maintain,
distribumed ovar 10,000 student- .
contact-hours a2t Northwestern) g .10 "

Camput:ez- timer agtual average

searah.iuy: planning, consultling, ]
discugsing with others @§10/hour { $200 per i=hr lﬂﬂsﬂﬂ} 20 hours per
1-hour lesson

Coding, editing, entering intc the
computer  @85.00/hour {3159 o }jﬂ hours per
- , l-hour lessen

Preliminary testing, review and

recoding @810/ hour ) {5100 " ]..7.0 hours per )
i I=hour lessan
(c.'osts of updating the legson from § '
tine to time are not included.) ; Tolals
Assuming that an average I-hour i
lesson is used by 500 students, v
over a sincle year perlod " § .90 per stud. hr.
Additional possible costs:
Supervision of C.A.IY. center § 7
. Conneqt-charge: varies a lot, iz
.o:‘. bcm‘.t' at Northwestern $.1 oo

e " ———————————n—, ! e Y R (b bl e e e o 42§ 8 e ek s e ¢ s ¢

'romr. COST PER STUDENT HOUR 54,22 B o

s —r. LU = Bt e e i a1 — - _ Ao

Those codts are typidal of those ancountered at Northwestern with the
MULTT=-TUTOR, Certain items will vary widely in the cest equation, primarily
the cost of terminals, phone, cost of the operating system, numbar of
student-hours a leason produces and the connect charge.

Pidesibvied by PyaFbRSs
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For example, a change in connect-time chargos can be dircetly added to
the sost equation. Or a purchase of a Flato terminal rather than tho
inexpensive CRT we use could be calculated to raise the cost to a total
of1§5,02 par hour. '

4

F

Conclusion

The MULTT-TYTOR provides a moderately-priced C.A.X. systom lor people

who have some Cyker 70 computer power o sparc. It docs not requl ro
additional equipment, either computcr or terminals, It provides most -
of the facilitles of the Tutor language and a grra:at dogreo of compati- -
bility with Plate's Tutor. It should, therefore! allow relatively

easy transfepy of lessons to and From Plato systems.

4

Noteg

(1} Numerous roports available from Computer—basod Education Rescarch
Laboratory, University of Illinais, Urbana, TL- 61801
Best reference on the Tutor language ig:
Sherwood, Bruce Arne, "The {utor language', 1974

{2) Bunderson, C. V. "The Tiecit Project: Design Strategy for Fduca-
tional Innovation”, Institute for Computor Uses in Education, '
Technizal Roport ¥ 4, Brigham Young Univorsity, Preve, Utah 1973

(3) Brackett, John (Principal rnvestilgator) “"A TUTOR Minicomputor
System", Soflech, 460 Totten Pond Road, waltham, Mass. 1975

(4} Nelson, Theodor H., "No Mere Teachers'® Rirty Lboks", in Computer
Decisiong, september, 1970 (pp.l6-33) '

(3) See numerous papares in '"Computing and the Deciszien Makers™,' EDUCOM,
Interwdversity Comnunicationz Council, Princeton, NF 1974

(g} "bz-az.imimry Dogumentation Cuidelines”, workinyg-paper uscvd within
CONDUIT (A oconsortium of regional. networks at Oregon Stake Uni-
versity, North Carolina Hduc. Computing Service, Dartmouth College
and the Universities of fowa and Texas (Austin)). /

: 20
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" A HYPER=Levyal Sygtem for tho
. c.‘reatiun af Campu tar—:\idﬂd-rnstruf‘t:ian Courgeware

1
.

Background and Problem staternenta v

+ 1

Plato's Tutor language 1 will be.widely known in a fow years, and much
courgowara will be finished, havingf' gone through debugying, validation
with \vlagses and gegtific'at:.ion by peer-review boards such as those
created by CONDWIT ¢ ., Tuker cortainly appears destined to become the
"rFortran® of c.‘nmpute:--A.ided-matmcta:on. '

-
.

’ Tutor Is ameng those .Zangruages for €.A.I. used on.a systdm where lessohs

for programs) ars aotually programmed, az oppoaod to systems whore the -
computer generates guestions from § database, or Ticclt-like systems
where authops of courseware enter information on coding forms or in
an’ interactive faghisn difforent from the programming Format.of Plato. ,
though Tutor programmers may write code which allows the student wide ]
lattitude in lesson choilca, and may even write code which mimics the
behavior of other C.A.I. systems, it is difficult to do /S0 because of

the negesgity of learning mere and more Tutor commands to do.it. Most *
coursoware authors take the geraight and narrow path, which may tend

to steer them in the direction of "programmed Instruction®. The -
approach cutlined in this paper would cut authoring time for complex -~
Strategieg by 25 to 's0% for buth experiunces and inexperienced authors.

Authoring time for C.A.T. lesgonsg:

Experiments carriled out at Northwestern have shown that lesson—writing for
lrexperienced authors can take fremi 30 to 120 hours of author time for
cach studentehour of material produced as a final produgt, Average times
for a group of six Inexperienced authors are shown below: .

Authar.ing tima to produce one .student hour

Nours |percent |
Planhing, congulting,
looking ak other 15 0%
lessohs .
Coding, typing and
sditing 25 50%
* Testing, revision 20 20%
5@ hra=l00%

Notice that even though the editing system wsed is quite sophisticated,
and allows immediate interactive testing of a lesson, the major amounk
bf tima 18 spent just entering code and getting it to work.
7 . '
I L]
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A Hyper-level Ianguage for Cadsls:
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~t

Current C.A.I. authbrs generally werk with high-level languagos, such as

#lato's Tutor.
an avthor is an experienced proyrammer.

These allow rapid progra=ming of interactive units when
Tutor alse allows incxperienced

authors to program relatively simple intcractive strabeygics, bul ibs
full repertaire of commands iz boyond the roach of anyone withoub six
Tutor containg over 200
different "commsnds", but a subset of perhaps 15 1s crnough for the

months or more of programming oxperienco.

baglnnes,

In the MULTI-TUTOR systom, the lyper-sditor (or Hypénwutar) lg now hoing
added above the leval of the Putor (high-lovel) lasgyuage:

Hyper—adi tor

TUTOR

TEXEY)

Nic:n-Tutar
or elemental

N LN T

gravshic interaction
loavel
High=level

u...{whe-ﬂyparwukar, or

The actuwal language
interprated by
MULTI-TUTOR

At the ﬁyba:-levnl, 4 coyrseware guthor interacts with tho coemputor using

graphics aixd text,

The Hyper-editor accepts or elicits coursewar: ob-

Jectives and structure, and createz a map of tha lesson to be written

during the Interaction.

Though the Hyper-oditor will not be complotod

until the end of 1975, wo have provided a short sconario describing the

intended interaction.

A Scanario

The Hyper-editor, using a Plate tepminal equippod with a tounch=panel, lets
the coursewarc author specify a flqphaﬁart for the general Llow of the

new logden, i

-~

this map, alony with the nbjeatlves specified for wvach borx, 15 then

" available to the students who are Drowsing through MULPI-TUTOR's list of

pullje leszgons, letting them "flip the pages" of the lesgon beforeé de-

viding whethaz, to axplore furiher,
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The lesson=oreation process then continues with the author proceeding
to ‘more and more detail in the flowchart. s$/he “enters® g+box on the
flaowelart by touching-it ~— HyperPTutor then requests Individual frames
("Unitzs" in the terminology of Tutor) of the laszon.

i
Author "touches" a box
to specify its .t"',mmasr."a-n-.,q
*W

v

The specification of each frame may ilnclude a teaching-strategy, as well

as a short description of the content of the frame. It is anticipated that

a few (perhaps Malf a dozen) strategiss for individual units would be provﬂded
with the firgt Hyper-aditor, to detarmine just how much faster coursowarse

can be created this way. In addition, auvthors may design thelr own frames
for use aE prototypes. o

The RBypepr-oditor finally takes these apecifications and creates actual

code in the Tutor languace.' There iz ne barrier to creating code in pther
"hard corpe" C.A.J. languages 3s well, if thie ssems reasonabie, The code
thus created can then be immediately tested 'on the system the author is
using, and once debugged, can be ghipped to other systems for use by

other tsoachers and gtudents. Ié iz esrential thav the aystem used by
authors of courseware contain both the Hypar=editor and the ability to exe-
cute code for students, but It 1s not necessary that the eventual target

‘(student) system contain the Hyper—editor.

Preliminapy tests at Northwestern:

In an actual test case, this strategy for lesson creation has been partially
tagtad by the auther &Ff thiz paper. A teaching strategy much like that to he
used on Ticcit ? was developed, and 1s described by the diagram at the top

of the next page. The student may progress from one such frame to another
under ram control, or the student way pick frames {or short sequences of
framga)'fram an index, &he method of connecting the frames is determined by
the courseware aythor durlng the interaction with the Hyper-editor. During

the testing of thix strategy, the regular system editor was used to copy a
"paradigm" €rame as many times as was necessary to create the finished les-
son. Specific information for each frame was filled In as cach frame was, -

completed, The leggon thus created contained 18 sequences of 5 frames eadh:

.
& .
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Pressing LAR key
q"? takes student to
practicr...

ey

explanations practice questions
1 '
hard wrape % B hard
#’ N e el - LT Y TR NI I key SLESRTITTREITLY
Student ploks ' mediom . medium
ane or norse hmk ¢ Em mma s my Ry Ehed B E oAk om AR hEEE
levels of easy easy
explapnation. ..

- Pms.s.l}ng BACK key
- #. takes student bp
; explanations. vs

»

The creation of these 90 frames, each with three level: of eéxplanation and
practice gquestions, took 35 hours when coded completely by hand, buf only

15 hoursz when the editor was used to copy and modify the frames. fThis was

a reductlon of over 50 % in coding and editing time. 7%esting and debuggir
time was not strictly measured, but in the case of the hand coded lesson,
there were many programming errors, some not detected until students started
using the lessen during the academic term, and in tha page of the Hyper-coded
Jlesson, the only errors were typing migtakes in the text to ba displayed in
each frame... theré were po errors In the logical flow within frames.

There gre no estimates currently made on how much time the getting of ob-
Jectives and oreation of flow-charts via the hyper-editor would add or sub~ .
tract from lessom—creation time,

A Pull-gcale Test of the Hyper-system:

A Hyper-editsr will soon be completed, capable of creating lessons us.in;g combi~
nations of a few test strategies. ILessons will be produced in the Tutor
language, and the ‘Hyper-system will be written entirely in'Tutor, s¢ that it
may be run as a major part of the MULIT=-TUTOR.

Lesgon~creation time using this experimental Hyper~editor will be measured
by having both experlenced and inexperlenced author creaste lesson utilizing
these strategies. Fagh author will create the lesson twice, once "by hand"
and onge by Hyper—editor. For inexperienced authors, the time necezzary

to learn how to program and how to operate the Hyper-editor will be measured
separately, followed by repeated trials as the authors gain experience.

Advantages of this scheme:

There are numsrous advantages ko the creatlon of courseware using the Hyper—
editor. Firgt, automatic documentation of lessons Is achieved as the
Hyper=gystem racords objectives and Flow-charts shlle the courseware is
being created. 'Second, the system can suggest nigh-interaction of proven
strategles to an avthor, and will in fact keep track of an author's prefer-
ehces. Third, the strategies are already debugged and the author of the'
coursewars need only debug the lesson's content and overall strategy. And
finally, data to be used for evaluation will be "automatically” collected hy
the code the Hyper-aditor creates, and may be used by the author to review or
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regtructure the lesson at a later date.
Simmna Iy ¢

Thiz three-layered C.A.I. system will be a revolutionary means of helping
avthors create guality courseware in the future. The editing and coding
process alone accounts for 50 % of lesson~creation time in C.A.I., and
preliminary teosts have shown at 50 % reduction .in that time alone using
the methods explained herein., Full implementation of this system will
show us what decrease in lesson-creation time may be expected overall,
and perhaps what type of autheyr (experienced or inexperienced) will see
the greater improvement. ’

o
Hotes: ’ *
e : R .
{1) Sherweod, Bruce Arne, "The Tutor Language", Computer—based Education
Ragearch Laboratory, Upiversity of Illineis, Urbana, IL, 1374
(2 Numercua papers in "“Computing and the Decigion Makers", EDUCOM,
Interuniversity Communications Council, Princeton, NJ , 1974
' {3) Bunderson, C. V. "Phe Ticcit Project: Dasign Strategy for Bducational
Imnovation”, Technical Report § 4, Institute for Computer Uses
In Edueation, Brigham. Young University, Provo, Utah , 197:

"
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A Mlcro-Tutor to make C.A.I. Courseware Transfer Feasible

The companion papers to this pisve descrike a three-layered Computer-
Aided Instructlon (C.1.I.) systom called the MULTI-TUTOR. The "hyper" .
devel, highest of the three, allows painloss creation of C.A.I. coursewape
by irexperienced programmers. Below that level, ‘the high~level language
of the computer system iz uzed (PTutor iz u=ed by MULTI-TUTOR currently).
The hyper~level system interacts with an author, producing printed docu-
mentation and Tutor code as a reswlt. This paper deseribes the operation
4f the lower, elemental level of this system, which is charged with the
execution of the various high=lavel languages which will ba accopkable

to the MULTI-TUTOR, . o

In the best of all possible worlds, a C.A.I. author would wish to be -
able to transfer courseware to any C.A.I. system, tegardless of the lan-
guage in which it is coded. This is clearly impossible today, given the
state of"the C.A.I. art -- every new C.A.I. system deslgner invents a new
C.A.T. language which ig visualized as somehow "better” than all previous
languages. What Js really needed is a C.A.I. system which will adapt to
the syntax of many langusges, thus giving the ability to run practically
any C.A.I. lesson on a single computer system. The following diagram

iz 4 complte sketoch of the MULTY-TUTOR:

MULT L= TUTOR Hyper—-level |iwwwa"graphic' interaction
system '
' TUTOR
(high"IEVBIIL'Hun"hard core” language
Eranelator -o.o caa v is s st

1 Micro-lavel §  ,.«Elemental level

In the Plato design, the bridge between high-level and what's actually
used when students are on-line is a program called the "condensor" —-
it takes Tutor code, scans it for syntax arrors, creates variovus tables
which will be needed during execution and condences most Tutor commands
into concise, easily interpretable codes. When & lesson is needed for a
student, it is the "condensed" version which is actually Procegsed.

In the MULTI~TUTOR, the bridge hketween high-level and elemental—level

1s another program -- this time a translator which changes futor or
another language into an elemental, very basic but totally comprehensive
mivre-C.A.T. language, which can then he interpreted in order to service
students. Bacause the translator is driven by the syntax of the high-level
language, it will be able to accept any C.A.I. language for which a
tranglation table csn be developed. (Part of this project will involve
generating the rules for Tutor, Planit, Coursewriter and pther languages
in.which substantial courseware now exlsts.) . '

"
1 [}
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Some specific points:

It is not anticipatedthat authors will actually be writing lessons
uzing the micreo-tutor language -~- inztead, they will continue

to operate in thelr own favorite high or hyper-leve] languages, and
the elemental language will make this possible.

Lesgon transfer is not conducted in the micro-level language itself,
though one might uge it a5 a descriptive language in which bther
C.A.Y. programs could be described. The power of the system iz
that it can accept lessons written In other language.

Onha 1z tempted to think of using Tutor itself as an elemental
 language, since it has all of the facilities the other languages
have, but this will probably not be wise, since there are so many
' actionz Tuter dees hnot make expllcit (such as rapeating the question
) whon the studeont gives a wreny answer). However, there is no
barrier to starting with the functions Tutor embodies, sgince it l=
the mogt sophisticated of the languages which will be translated
by the MULTT-TUTOR.

Properly implemented, the MULTI-TUTOR would even allow authors to
create and wrike courseware in thelr own private languages, simply
by providing rules which could be used to translate into the
micro~tutor language. -

Some preliminary work has shown that the functions needed at the
micro lavel cpn be divided into about ten groupco:

1) Calculatiens,

2) Angwer~chegking,

3) Branching,

d) special keys and functions,

5) Datasets,

6) Paging (units, frames)

7) Labelling of units or commands,

8) bisplays, ’

9) walting for input,

10) Processing (manipulating) responses ag characters.

These groups of functions will be explored further in a subseguent
publication.

Summary: -

, The Micro—tutor 1s looked to as a courseware~transfer~facilitator,
It will allow MULTT-TUPOR to accept several "hard cors" C.A.X.
languages at soms future time, mapping each of them into an alemental
representation which is actually interpreted by the MULTI-TUTOR.
In this way, several high-level languages might be used on & single
computer system, or authors might develop their own languages for v
persenal use, Werk done to date has revealed some broad-categories
inte which commandsz, in C.A.X. langquages fall, and actual micro-tutor
representations of these will be brought tp light in a future publi-
cation.

. . L
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