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RESEARCH ON COMPLEX DECISION MAKING, KNOWLEDGE REPRESENTATION, AND THE
TRANSFER OF EXISTING SYSTEMS TO ARI

EXECUTIVE SUMMARY

This report briefly describes the results of a program of research that
focused on the conversion of a new technology into a form that is facile and
generally transferable using a network of microprocessors. 'When the contract
was awarded, the choice (at that time a very reasonable choice) of hardware
was the 8-bit microprocessor and (standard to ARI and other institutions) the
Apple II microprocessor, augmented by standard peripheral equipment.--

The program suites, appropriate to these machines and a Corvus 20
Megabyte Disc, have been delivered, as originally specified. It is true a 16-
or 32-bit technology would have been a better choice since obvious limitations
and difficulties crop up with a smaller address space. However, the
networking paradigm remains viable and may only be replaced by a multitasking
system with very sophisticated display and control capabilities to exhibit the
power of the systems to any user and render the computing organization
transparent, as is required.

The deliverables so far noted are CASTE (Course Assembly System and
Tutorial Environment), THOUGHTSTICKER, and the Team Decision System (TDS),
together with manually and computer-administered versions of a test for
learning innovative and conceptual style, SPC2.

In addition, documentation, source code, and various other documents are
deliverable products.

While the program emphasized the transfer of a rendered-transportable-
technology, it encouraged the dissemination of knowledge and further research.
Both of these objectives have been satisfied to the extent required in the
Annexes to this report.
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RESEARCH ON COMPLEX DECISION MAKING, KNOWLEDGE REPRESENTATION,
AND THE TRANSFER OF EXISTING SYSTEMS TO ARI

2. Over ,,i , anc I :-C rcJL ct ioQ

Over- a pe- rd of abotLt 7 - E years va'-ous hUMnan ma.chine
systems were desioned and implemented und r the wholE or part
support of the ART throig, tha European -- ffice, to S',st m

Research Ltd.. U.K. (the d-c3ee of sponsorship deperc.nq upon
the svstem in q,estion). All o' them are founded in

Conversat ion Theory and its protologic Lp ,described in
Anne'.e 1.; an ECTJ invited review paper) and in cne of the
prc!_.cts; a "Frimer" on the b.airound.

enri of the z.e svyters, CASTE, is a sophisticated tutorial
envirc-nment. It provides, in the first place, an accurate
and e; te,- .1 J recc.-d of hcw 1.earre-s a-Uire concepts
w.hich are represc etec. tocther w.th their relations, in a so
Cie I CL."Ptaii nt ,-.ash". The learnable conce.pts represented

j.n t.he m E.h ons st minimal n v& o-: one (oft en seve--a)
E:_. , a descri ti on or bzhav aoL'r btain1abl by

e:1 wt . " e f .--;-' a d . rE Sere.- e Ia s.h a2 "'Uesi " or
1 t " . .. V..L tt v "f oL "7- ttes -frc-i. ; tV, 'Y "

c - 0 f ;nmz-d , T ., F a-,a,- .,

q)f, L' Z IT. Pt o.r,

L- .-- J- I 1: e. ,0 e; , ._ _: D,-O : -_=.. 7: 2.t~ r-

pOr, e -rt -en a:,i.
C*O:T) 't E' traced 1 i ./ ora.or'v -for p, --formi r,

0iCaL t- ph-v ica! e ,-rrImei. t-, I
t 3 rt in_s1 be a-le tc trac..

-, t. , at.- -~EtLUEn a dLmOi . 1nf e!. cE

:1 r!1:rsz' .r, that L ee mlne . rcle +cr
e;.am , the -¢ce of "Com'nand:- in suc h
a wav th,.t enaztments car, be evalu, ated by
a p rson (USual lv a qr oulp o. othe-
lear'ner-., provided that certain essential

-e Ftr i C';i ons bUilt nto a p-ocram ar E
satisfic-d) and the, evaluation returned in
riumer-zal fo-rm to CATE (for- ex'-ample. !.y
mneasLures or: a repertory arid scheme).

In all cases ( and (a). 'b), (c) are not ex:haustivel.the
model must be atle, on C.STE demand. to oive e demontration



c€ hv4 t he conct-pt iz . 6_.,-iEd (to ma[ze or do or recorise
s.-me objective-) ari. converselv, to accept and to evaluete an
e-planatior f,-om a learner and so to give CASTE an indication
of how the learner uses or understands the concept in

question.

As noted alreadv, conceots are relatec in a "mesh". This
mesh (also know-4 as an "Lp statement") answers the whv
qLsti on, J ri contrast to the how Question ie. it qives an
answer to the qLuesti on "why did you LISC that method or ci-ve
th-at e.. z 1 anati or" or, w th equal sianificance ".,-om what
other corcept can The concept that a lea;-ner is cialing with

be der-ived." Such entaiIec derivations spe.ify how one
concept moo. (k-hich Is e.'.:-utab e, which wmr'ks) can be built
o:t of oth't cor. eDt morjes. If and on' i-. a Iearner can
0,E satisf+'ctory re'pl.es tc the what and how questions is a
sar e-. cnrcez sai _ to bs u nde:stood and is. cn emp.ri a

grOUL d- peI'faZrr-..i , ' r-E 1 ent.

SLK'/" there are r.' .os-ible de:-ivatons sZ Z ir
Sn-.ent me-h t-uLtu -e-. o - e;:am ic . by. a. c -o c-:

a..D_- C F, S- :,- thL_ : .2 :-: L._ - i-i n 'e t 4im 4 t.1 -h tom -: -

;r. . .. . .. .. h i-2 3.ae! --
e "rr V, - ---- -_ -

E; j r F the i sr-,n C IiI

C: Z~- S_ in pr~
pr ,;id=- in. ~ pr r"- 2 e.; a C 11. ,07 ;7 a, a " it _: ,- r t ., .

e'+',',-e, n pr:nci_ e . C c:-tld bE init _! c w a

T. I 'sL t o,0L-I -. n hi e ". o e t i no-
r ecor R d ej: i a: 1.,i caticns." for e'.amplc,
vi I ear r, ers ha a, Dr or V lm edg o a om an (.. -
2. ns .-. C-0 h.w to manoL!VE, r- or a! 1 ocae resoC, rces :r. a

F ! c-; ter. a.-a r, rtod byv s pez-iic tLro-ic
ai -: I t h a L.-,r: .  f=:.,i-, in nu mer ous e' pc.:-.7E- ntE th.t
I e-r n'e h V In-) J' v:.d l ". 1 r ferrec s'craL.z:c es o - a eaf n i-
suc h S fo I w:no on route assidLousiv Or, or the other

.h b it' n.- up a. ci ,zba pi ZtL -e a-d comp eti ng d tai ed
ta I accogpiishment later. A::ain. some learners a-e able to
L.- ex ct an a±cieI : to u.se velid ce-neral s-.ti or.s to learn
S-'emr] .- r or cf-v,'el ' , to move frem e'.emPl a, s to z
oenet al isat .c:1.

Such tedenciees, whether manifest ever m-.ny I earninc
situations or con:ext specific, come ?oLt as one component of
a learning record. Hence. one tutc:-i.I heuristic emp-loys
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th s-: S ear -n.. ro strate!::v 2 n-t.ormati cn to recclffnend Paths the--
El.r- e li elY t c render ESL-o-eQULent learnino efiec7_ie +:)r the
1 ear-ne: r n quest i on~ ir~ the I i w _:t =zse. tD oc tete that
certain pa t hs eUrc t aI,.-e n (thI.i z , hotv.evor i :se dom
recommended; sorno mCaSUre o-f choice is reedec! ±-F oni v ECaUse

these l earner progp'nsi:i es or stvl eB are, in penera.i c7,ntexrt
dependent).

Pnother reaji lv irmul emented tUtOri-C.1 heu~ri stic s teis from
work done by my team, 10 or- 25 year-s aco. or; comple,- aos:ptive
traa .ia ,no sy~stems wt-i h matched Tc.tik di -ft 1 cLJ ty tc pro-ficiency
in order to achieve a balanced 1esarninq condition.
Translated into CAS3TE terms, this heuristic ammounts to
Lncerte i ntv reau2 ation; mi:ntax ni nQ enOUcgh dearee c-f cho: ce.
but not tCC' MUCh so that both overload and boredom c.re
-voi ded . The bal arce point, for a parti cu ar 1 ea:-ner, is

~aar set by date from the historiczl r-ecord.

CPISTE. Used in IE t Ltor4.a 1 mooc.- pro- desC (or
aF t i _-Ia sd /. uth _A r epr Esen tatJor. oft s ha_ re d concep~ts
(rrn riizil I sn ei+i e.d a L :1 v & These concerots are inscribed irn

*-11 -~l 1 '- v~ jh :r, a s o cc;ris 's;: -;n rel -2.t-o* t a
nnctthew oshc-ac the erti re ie-as oper o o

dE~ I~ rz? t E 'ID L! L . o r uV T U.-Lthor conc'o pts a n Ji/ori r e i n~S
Tr-,e;- eE -re c- se asr (a n C).d In th r ef e -n c ed an n e;-,

4 4

sh-ee: t i o:ca rn- f h:"

rrre Frcs o a- a or o' C.Lt

bh~ v~ ton 4 h~ a m J .

cc-)- v'r conze! -rt s or t hL b~ to

p at if--_ -,r -s . t11 h e c onv,,e- -.--; . The
prCodU-tS ansL'jer Wh.at qU LiOstIE cr-vi 7Tt is-:
thIe C 0- v Q-r s:a t rIo a ,-,u t ,, a7n.d t vi
rPe ati on-;s be-,:&ween concepts anst4 er tine

" H.1 yI q -! rIE t i c n 5 ("why did you use t'iis
mnethod -nd I use that nethod").

(z) Hence, a mesh is a. reprezntation c
kn'o1 w - _' Ie S and anl open-to-fmesh eVOl Lt~ on
theory about What. nav be [:noLwn.

Betweein 1974 and 1975 it became clear thzit a mesh of this
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tvm s .1 tfi.r an scr rit: o!I. ath&r, it E-.id- e
cai clA Us thez protz c:.ic, Lp. o conversat2ion theorv znd is
m .nipl ab! e. Lor c;!amp -n fe-en:es cAn bs (ea d . in ral
systems. arE' m.=,.de to pso.e +L-ther chrsn-ie , sub je-t to
the overridi7z rule- that iszinal, aserted distinctions
between concerts a-e neither obscured no- de-tiE':.

The ne t !,t-oduct, THOUGEITSTI'TKER. c, peretes in the CASTE
envion.mT.nt to per for, basi c p-otol oq cal manipulations upon
th e nf=h . -?s Th THO L HTS T ICKEF operations assaume that an.v

sharec concep't is such a th ng; eithler, it has E.n e-; ecLtable
model or ore will be provided uSi ng the "ConF i gure" Rout: ne
whi cf is conti nL;E. lV avai 1 able in CASTE taken together,
IH:TKE-' and t' L "Configure" Routin. s f-rI. an aLthIri ng
fr:,a and a ais-ner may occ,_tpy the positicn_ of .n a-_,thmr. as
oJ s- reSj

:, c- c s f. -i 'n' thew-.e op~t-aticr in i C:: -nr =  "t shfctlc

. -: . h tho., Qh pt-vi oas s .- ent= thzt a.l l

- t i c o-. .C on ,:-_-ts a.;Did to b.: -s:_

-- .7 , I

=.. ~ Z =,-::. :. , E E.: , M _. . i T. a-. 7 o, t : te n;--el Z .D , ,
-o- - L F I 1i

i -4F - _...,--, d - -- at ons c' z corce t Ere L .oZ- c
+ !'--v-" - L , a.,'

t IF F L! I zI .' C~ C- nae e-IC: C_ th C:
t , d -' i r c.r,: t is ast t

c E! 7-E .tn-. d .n n aE r. t rancE attra tor ..
' . . t c, ter hand an '.D

S vc ,-e - - si -n4 e- and a d i-z- n _i on
7= C?. a C) a'-.E7o- ,tractor and de lector pair

GEn< litc, -.. speZ:ai unidirectional analoov: all of
t e r; -m- 1 Ee T-')--n,mpassed by the qeneralisstion but are
o r. 1 v r ' an --'.'_, to it.

4Ql., th -'-eamb.e and recalling that a shared concept Is
m7nim. v a. or oe s. prodL... pair it is possible to outline
the THOLGHTSTICI<ER o:,erat1ons carried out on a mesh. Of
these. two are diretione.l unfoldments of e. mesh to produce
ordered structures fron a specified point of view
(reoresenting learning strategies or strategies of planning

and action). The first of the two is called a "Prune"

operation (Fiq. 3) and the next is a selective pruning (Fig.
4) which dissects the class of all learning or action

sequences, as the case may be, into specific conditional and
program like structures that are all open to execution. Some

caution is needed insofar as the execution m be initiated
after several stages as indicated below (in the case of

generalisations). Hence, it is better to consider "Prune"

4
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Fig. 4

Selprune (0, T,5) Selprune (1, T,5) Selprune (2, T,R)

T T T

L K IpR U

J I E F

K* 1

Fiq. 5

T ~TT

0 Q P

if and if then by

OE (DF E FsaturationEF

Fig. 6

Genova Contravention

6



and "Selprune" conjoined to execution in terms of an
iterative operation "Expand" represented and implemented by
(the n fold iteration) of a sequence like.

"Prune (from some concept); ((Select (Selprune));
(Execute to Model)"; that is, although any shared concept has
an executable model, this model may be and often is a mesh,
the shared concepts of which may either point to other meshes
or directly and with equal legitimacy to models.

The next THOUGHTSTICKER operation is "saturation" (Fig.
5), which is an inference rule, appliable if and only if a
sufficient number of distributive coherencies exist. If so,
then "saturation" proposes further coherencies that do not
loose already asserted distinction between shared concepts
that are Lp legal. The author or team of authors may, of
course, deny or accept these proposals, in which case the
number of proposals is greatly reduced.

"Pruning" and "Selective Pruning" are forms of unfoldment
and, thus, of Lp legality criteria. If a mesh is "prunable".
then it is legal; if not, then it is either modified or
transformed.

The crucial point is loss of distinction as manifest in
the "Rule of Genova". named after Vittorio Midora and George
Olympia and Renaldo Sana (of whom Vittorio worked for a year
or so in my own laboratory; Olympia visited often, and in
those days, Reinaldo Sana headed the CNR group in Genova).
The least elaborate case of conceptual conflict and its
resc!ution is shown (in condensed form) in Fig. 6. Conflict
resolution ammounts to analogy creating and generalising
actions. These are shown (as outlines) in Fig. 7 (various
analogy productions) and in Fig. B (for generalisations) and
for qeneraiisation resolution in Fig. 9.

it may be added that one entailment mesh can be and
uSLlIY is quite large. in addition, it is often necessary
to deal with distinct meshes related by analogy and/or
generalisation, shown in Fig. I0 and in Fig. 11. So,
finally, there is an interesting situation in which the
combination and continued, iterative, application of these Lp
operations lead to an emulation of personal concept
production and reproduction in Conversa tion Theory.

The notion of emulating personal concept production is
spelled out in Section 9. Theoretical work has led to a
concurrent algorithmic specification of a considerable
reapraisal and enhancement of the protologic, Lp, of
Conversation Theory, C.T.
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Fig. 10
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In order to avoid repetition (some readers are already

familiar with Lp and its C.T. basis, some are not) the

Appendices include a recent invited review paper so that

readers who are not happy about the Lp and C.T. postulates

(whether in accord with them or not) can consult it as a

preface to Section 9.
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3. THOUGHTSTICf:ER Version 1.0

As noted already an entailment mesh is a class of
expressions in the protologic, Lp, of C.T. and specific
assumptions are made (notably, a model is an integral part of
any shared concept or "topic" in the entailment mesh).
Unless the assumed requirements are satisfied, Lp operations
carried out on topic names and relations are arbitrary string
manipulations. On the other hand, if these requirements are
satisfied, then operations upon topic names are meaningful.
The use of THOUGHTSTICKER 1.0, which treats topic names as
though they designated shared concepts is thus only sensible
if names said to indicate concepts do, in fact, designate a
sufficient exteriorisation (minimally an executable model and
a product) of a shared concept ie. if the what, how and why
questions of Section 2 have been posed and answered
satisfactorily.

From a users point of view it would be obsessive to
require that all models ex:ist when THOUGHTSTICKER 1.0 is
used. It is sufficient to be certain that they will exist
before the mesh is used by a learner or another author. In
practice, some authors start with many models fully
specified; others from an overview of a subject matter or
skill and the rational conviction that models (perhaps hazily
in mind) can be refined and implemented. But, in any case,
authors must be aware of those requirements. Lacking the
awareness, the use of THOUGHTSTICKER 1.0 is logically unsound
and often counterproductive as experience has amply and
frequently shown.

It is worth exemplifying this point, in order to give it
the emphasis needed. To do so, take a mathematically precise
subject matter; conveniently part of "statistics", where
there is no serious ambiguity at all (this is not to suggest
that THOUGHTSTICKER 1.0, let alone Lp, is restricted to such
subject matter domains).

Let V = Variation
S = Scatter (of a numerical quantity

about an average value)
M = Mean of n quantities U
D = Distance (numerically) from mean

D2 = SquareJ Distance
Z = Modulus (positive -,alue) of D or

B (below)
B = Numerical distance (from average

11



value)

A = Average (or median or mean)

Suppose,

(a) V is derived, by entailment
from M, D and D2
(b) V is derived, by entailment
from A, B, Z and S

Given (a) one possibility is
V = Sum D2/n
D2 = D Squared
D=U-M

Given (b) V one kind of S,
and from average median or mean
(S,Restricted by R.M.S.
distance)

S = Sum Z/n
Z = Modulus U - A

Clearly, both of these and many others can be modelled
and the model of V obtained as something generating either 5
or (the usual) variance. If we wish to obtain standard
deviation then any derivation must have a form that makes
sense of only variance by pointing out, for example, the
restrictions of the more usual (but less intuitive) variance.
However, both of the derivations of V make sense and (at the
cost of less convenient forms of distribution) have
statistical merit. The simple derivation of the standard
deviation from V points to the rationale of adopting variance
as an index of variation, V, and also for certain any other
indices of variability, for example, several that are used in
non - linear domains and, as a matter of fact, some non -
parametric piecewise continuous or only ordered statistical
methods. The fact that this rationale is often omitted
indicates the strength of Lp and of THOUGHTSTICKER 1.0 if
properly employed. It is easy enough to cite inefficiencies
or even disasters that might have been avoided if
responsible, trained personnel had thought, rather than
reacted , to a superior's requirement "Tell me, what's the
variability of those figures" by the tacitly acceptable "That
guy wants a variance" which was duly.calculated on a pocket
calculator and phonrd back.

With this essential preamble, THOUGHTSTICKER 1.0 is able,
apart from display, mesh recording and the like, to perform
the following Lp operations reliably.

12



(1) Pruning from any specified topic
(2) Selective pruning of a given pruning
(3) Retrieving meshes
(4) Saturation
(5) Rule of Genova contravention or lack

of asserted distinction
(6) Various dependent operations such as
topic listing and cluster listing,
alphabetic display, level display.

These operations are described in Section 2 using the
same framework. But, preferably to ensure that the
emphasised conditions are satisfied; they should be carried
out in the environment of CASTE 1.0 where it is possible to
add currently specified algorithms as programmed
implementations that greatly enhance the value of the system.

13



4. TDS, the Team Decision System, implemented as TDS 1.0

The purpose of the team decision system is to provide a
very general CZ training and operation simulating system.
various configurations were developed, tested and used during
the middle and late 1970"s and this development, at the
laboratory of System Research Ltd., Richmond, Suerey, U.K.
was in large measure tailored to incorporate the findings of
4 Richmond Conferences, on complex decision making in C3,
sponsored by the ARI and organised by System Research in
consultation with the European office of ARI and the U.S.
ARI. The findinqs which came from these conferences were of
immense Value in specifying the essential requirements of a
complex CJ. situation and, thus, forming a specification for
TDS, in the course of its construction and, later, its
experimental trials in the laboratory which yielded several
intereating resLults.

From the outset it was recognised that TDS should be and
was an elaborate modelling environment for CASTE used in a
tutorial or training mode. Using the objects and actions
that are the elements of TDS it is possible to demonstrate
and to e>plain a large number of models of many different
kinds; for example, of manouevers by one or many craft, of
tactics and the like. Similarly, the expertise of competent
usel-s can be represented in Lp, as one or several entailment
meshes which, if unfolded, give rise to plans or the
performance of tactics. This act may be the reaction to an
emergency (for instance, that a craft is incapacitated due to
lac[ of fuel or that a trading route is disrupted); An
automatic reaction if the users are unable to deal with the
emergency in question.

There are several unique aspects of the team decision
system, if contrasted with other C3 simulations.

(a) Each commander (or user) has the role
of a mercenary able to compete and/or to
cooperate in the pursuit of a common
mission which is to minimize the density
of "intruders" or "marauders" that enter
an environment and gradually converge
upon trading routes where they are
destined to demolish tradir vessels upon
which the viability of this environment
depends.

14



(b) Each mercenary commander, or user, is
required to divide attention since each
one controls at least 2 craft by
assigning them tactics that are
subsequently executed (failing
interruption) so that the craft are quasi
autonomous (in fact, 2 microprocessors
running quasi independently in a
simulated environment of trade, economy,
geographically located bases and so on).

(c) Each craft, instructed by a
commander, acts upon partial information
about the environment. This partial
information is displayed to the
commander/user to whom it belongs,
through a local display, craft at centre,
periodically updated.

(d) All actions, such as moving a craft
or using it to demolish an
intruder/marauder has a cost, in terms of
fuel or some other conserved quantity.

(e) The possible actions include
obtaining up to date but specific
information about the simulated
environment. The cost required is
deducted from the fuel available to the
craft in question. At a critical minimum
level the craft is lost.

(f) The overexpenditure of energy/fuel by
a commander/user in demolishing an
intruder leads to a "hole" in the quasi
spatial "environment". Such holes impede
navigation of craft or trading vessels
and are particularly harmful to the
environmental economy upon which the
supply of fuel depends. In this case a
frequently competitive liason must become
cooperative since at least a pair of
craft must be placed in the vicinity of
the hole in order to repair tt.

Many of these features have been
incorporated into the del /ered
deliverable TDS 1.0. All of Lcose
outlined in (a) * (1) of<9ection are
capable of incorporation (recording and
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rerun of session included) under a
proposal for an augmentation of the

existing TDS 1.0 using the existing
configuration of standard hardware.

These augmentations are desirable in view
of their low cost and their upward
compatibility with nowadays standard but
more sophisticated equipment; hence,
their transferability.
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5. The Course Assembly System and Tutorial Environment
C/CASTE/1.0

It proved difficult to implement a satisfactorily
transferable and transportable version of the original CASTE.
In part, this is due to the relative inflexibility, for this
purpose, of standard computing equipment. To a large extent
that barrier has been levelled out by currently available
computers and more versatile peripheral equipment. In part,
however, the difficulty was exacerbated by persistent
misperceptions; perhaps the most irritating is crystallised
in the phrase "text explanation"; namely, a string, with luck
"a description" but seldom explaining anything, let alone in
a manner that can be evaluated.

The history of these misperceptions is recorded in my
files. They are neither a sign of wilful glossing nor of
ignorance but interesting exemplifications of how hard it is
to communicate some very simple ideas once that they are
mistakenly conceived to be complex and ineluctable ideas.

A version of CASTE, stripped of the just - noted -
misperceptions was demonstrable at quite an early stage. It
was, in fact, demonstrated during a site visit. But it had
several unacceptable (although not - too - obvious)
imperfections upon deeper scrutiny (for the record, it
consisted in modelling facilities in quasi independent
computers attached to the at - that - stage existing
implementation of THOUGHTSTICFER 1.0). Bringing the
imperfections into focus, the system with its microprocessors
interacting through CCS communication cards only, was "hard
programmed" (by analogy with "hard wired") to operate with
models in one and only one subject matter domain. It was,
furthermore, inherently unreliable due, in part, to hardware
deficiencies and, in part, to lack of a hard disc
communication system such as the CORVUS and OMNINET acquired
later.

The delivered CASTE is, at least in principle, devoid of
these flaws. It has a very comprehensive recording facility
(provided that printout of history, is obtained at each
session, quite rationally only the current status of a user
is retained, otherwise). It is chiefly due, as are several
improvements in the original 1979 design, to Charles Small
and his colleagues who, in fact, based their design
specification upon an intelligible Lp mesh representation.
The system runs with perfectly acceptable rapidity on the
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CORVUS, Omninet and a minimum of 3 Apple 2e microprocessors,
together with random access slide (or random access tape or
video disc) and dot matrix printer peripherals. It is very
reliable and offers comprehensive model configuring
capabilities for arbitarily selected subject matters. File
space is readily assigned to different users. The software
architecture uniquely captures the architecture of the most
advaanced original. It is reliable and well documented in
Jaworski's ABL/W/4 as are THOUGHTSTICKER 1.0 and TDS 1.0.

I

My colleagues and I have proposed, in concert with this
software engineering designer, upgrading of C/CASTE/1.0 to
CASTE 1.1 and CASTE 1.2 which have been developed
algorithmically but not, as yet, implemented. These are
upward compatible with more advanced technology. These
augmentations go as far as practicably possible to upgrade a
very complex system, such as CASTE, within the limits of 6
bit microprocessors and include a proper handling of
analogies and of generalisations; also, the more important
types of "negation" or, more accurately, of "exclusion"
principles which have been developed in our theoretical wor[.
Finally, automatic model configuration by an author mode user
or team of users has been extended beyond the compass of the
present options.
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6. Stylistic Tests

Due, in large measure, to my unavoidable absence for
several bits of major surgery in the U.K. (where I have a
private insurance policy which allows for rapid surgical
processing) certain curiosities have beset the development of
the promised tests for learning, conceptual and innovative
style. In fact, an earlier version of a stylistic test (an
experimental version retranslated, in fact, from its Dutch
translation and from its Italian translation) has been
programmed for automatic administration. In fact, also, the
most recent version of this stylistic test had already been
delivered, readjusted for use with a North American
population; the evidence strongly indicates that even the
best European version gives inadequate emphasis to the
creative or inventive, (in contrast to the rote recall),
intention of the test. The cleaned up and "tuned" to induce
a properly creative "mental set or attitude" version has been
delivered already in a manually administered form. A
compUter program which performs the onerous chores of scoring
and of retaining full information in raw score vectors (so
that various, equally valid, scoring schemes can be used
later) is a delayed but forthcoming delivery. The manual
test is "SFC2", the programmed form is "SPCP2".

The purpose of the tests is to determine an anticipated
style (to parameterise tutorial strategies in CASTE or to
predict types of creative and leadership potential, notably
in TDS). There are other possible applications and a recent
proposal to the ARI concerns hygenisation and delivery of the
manual form of a companion test which has known validity and
reliability in order to employ "stylistic tests" as part of
"before and after" research designs or in training
eval uat ion.

Eecause of the confusion it is essential to distinquish
between SF'C2 and SFCF2 (which are compatible with a very
large body of work, chiefly in Europe by several independent
researchers often using different but equally defensible and
intercomparable scoring schemes, extending over some 12
years) and other forms which, doubtlqss have merit, but are
apparently incompatible with a North American population.
These other forms also suffer from an inflexible scoring
scheme and, unless special precautions are taken, would be
difficult to rescore as desired.
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7. Some Rules Not Mentioned in the Documentation of Systems

In the context of "CASTE and THOUGHTSTICV ER" it is noted
in the documentation and earlier in this report that any
topic or "shared concept" must be attached, directly or
indirectly, to a workinq model. However, it is well worth
underlining this essential point.

In addition, a few more authoring rules are needed to
render a costly and powerful system free of its hardware
limitations. If these rules are satisfied then CASTE and
THOUGHTSTICLER become valuable tools of a novel technology.
If not, the best authoring possible will fail to provide the
user with an image of the internal organisation and these
systems will not live up to the claims made for them.

These rules are very commonsensical if the underlying
theory is kept in mind but did not become obvious to me (a
primary theorist) until it was possible to Use the most
recent version (that is, C/CASTE/1.O as delivered) in orde:-
to author and scrutinise actual material . for e' ampl e.
s at is'ics) .

He-ce, lpcrt +rom the a!-eady noted condition, thait any
shared concept (or topic) midst be associated with one or
usual y many E'eCut-able model for demorstration. simulation
and eValu't.ionF the fo1]ot-Lnc rastrictions, chiefly if not
entiral due te h-rdw-re limatetionsa are mandatory (possible
a,,'oidcnce me:han:ism ar e, sc Fa, as possible),noted below.

C'C'ETE/l.C) operates o-: a master CASTE machine, an aim
and a topic machine. The aim and to- ic machines a-t
ird-pe deteIY, e; ceFt iof- interr Upt and the passac e : of
necE, ssarv sionaIE.

(1) t must bo p E.bi f Lr- 3_ LS C tc cc m.Pe-e Znd to

contra t. a nd i ndepend:nt manipUl atz the aim and toolc
.chines. DOE to screen ca;- city and sensible visibility the

comparison and contrast must. to the user, be simultaneous.

So, for example, if a written de:Cription is displavecd
viE these machines (an alternative way is a hicher definition
s1.de disz1lv, then this description cannot ocscupV more than
one screen of tent or low definition graphics.

(2) The same comment applies, but without the slide option,
to demonstraticn. explanation, simulation or evaluation use
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o f mo ):)d ] L'.

One e..ception is poLsible: topic models may rez.s-=.-ably
seqmenited. if necessarv, into mutually comparable parts.
This is a difficult and not initially recommended process, it
places a considerable burden Upon the author and unless the
segments are very clee.rly indexed, is likely to fail.

(4) To each shared concept or model there must, whatever
else, be a slide showing the immediate neighborhood in a
mesh, of the topic in question.

(5) There must be, available to the user, an image and
preferably a graphic ifnage, of the entire entailment mesh.

(6) A-nticinat-no the proposed systems CASTE 1.1 and CASTE
1.2. the assignwnts of the aim and topic machines may be to
a;zept c odel rr- an aimrn topic or shared concept and some
other topic model in the cIuster that any user can choose or
ir te can cf CASTE 1.1 and CASTE 1.2 the topic models
,el at. - v an ar tloqy O a aeneral isation. In fact, (in this

h doiencec and Ea .ilarities are displaved on the
M.,s-_-Er- C 'ST E fr,-h1ne. _ a matter of fa.c-t. ,:here is not m _uch
c sene v ' rate fr.o m a utsa s co 1nt :)f vie. . But,
ob' 'O::, c' b,_.c n ss of omoe-ri son and c._-.ntra;t
sz i'_'--r> -i £ is br-o,_Oht into f-OCL ..

Top.: c r, a(.. are be=-  re-tri ctee tc at most z
-c " "tn l kE v t o Zc-

(-) L=u._-iv. -es-. ion (7 is of smal consec-'enc-.

HoIee- . e-. I rc7rd : nonsens ical in tea, a Uthori ng whet e
one aut6or-. 5=> A. 'thinks this... " -nd anothe:-. sa E;
*,ish .e to sa. h"t i nh:-- that... wher e "t .i s " an_ "that" _'-E?

(:,) Sch :__-,ent cani and mus. be t-uncZated.

These rules became evident to me only aFte:- usirg the
demonsLrat ive material--. Many o-F tt._ topics in these
(includinq those authored by myself) fail to satisfy the
basic conditions s:.et o,-t (although, by slight rearrangement.
they coul!d readily do so).
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E. immediate Proposai for development of the existing
systems

Since the proposals concerned have been submitted in
draft form and their receipt has been acknowledged, it would
be verbose to recapitulate their content. It is. however,

worth noting that they are Z in number, (a), (61 and (c)

bel ow.

(a) A propos-i to auqment CCASTE/,1.0 into CASTE 1.1
which embodies praoicab!e handling of analogy and
qeers] isation as well as most forme of negation or
exlu.ion: later, in.o CASTE 1.2 which enhances construction
o? move c-m2 e, models and their confiauratiorn in an
approp:iate CASTE conpatible form. The last augmentation is
accoplishe- ty using Jo.worski 's ABLiW,'7 as a rczw2t of which
KrT raLi-n;l. perso~n. neither having nor dasiring fluencv in
Mirris_- ., -- C 5.7 i s a2e to manriact LrE motel s that are
s je , ll! ir ration.,l I -oquaoe art tranfo-med into codc
accptaLei bv the e-isting., or *,q.-' other syEtema.

Enhar,.cmi.rt cf TH-USHT TICER ' . in a similar fashion.
,-- fai. - u- b- ex.-rie ,.Ied autho s or- t ams M them.

, UF-adin n TDE ..0 intc, a system with proper
e- ,- .no aid -, -. '. capabilities and a proper incorporation

cf a.-tiJcs. Z addition, it is proposed to provide more
elsb.r ." . -.. ly . r -- i' v displ ', failities.

M The construction, of a marnuoilv administered and a
c-,n- -_- administ.ered version of a "stylistic test" o-
"' untifiablie iearnin, * innovation and recall system: EC2"
which oMDE:ib e w ith SF'C2 (already delivered). Since
this test (,often knw'n c the "Ema pOlers Test" is based up on
an i-.rmrc.c entilimar:t mesh, the mutul. valiity with S'C2
i estaL i i sihed. Farther, pra:t i cal E ,Kperi anc W;i th the
earlien- mznuanL.l *'ersicns has shown i't high mltul. reliabilitO
over some 6'00 rEspondents. Hence, it can be conjidently used
in before a-d aiter type studics of conceptual style.

espec lo y ii the experimental design of SC .irst SRC2 nent
and vice versa is possiible.
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An cverview o{ tmeoreti cal Wrk undertaken and

di ssemi nated

A considerable body o- theoretical research has been

performed under this contract. The rubric "theoretical" is
meant to cove" thL productions cf algorithmic specification

and for ex-ample. the algorithms underlying the, proposed

developm ents noted in Section 8. Further, it has been

pcsibiE to provide at least one embeddino of Lp in the
topological domai.n and a5 a result to furnish a more readily

impl em-rted and more powerful theory of knowledge and

rational belie!.

Much of the content of the theoretical work is contained

in a memDrad-f, circulated in September 1565 to give an "in
ho-..se overvie." amd repl _te with references to peopl.ideas

or cvents- Theoet a. work pri cr to that has been

P..: ... with Pro.r .n .. edoem_:7t in an invited review

p.:er o+ _-:u.nveFsatio, Theorv anU its prctologic Lo in the

... r. ETU (V . _ 3, no _, ,. Z -- 40'). A fu.- he.

io'-.atil, "SCtV' tortejz of a learner" apgears in the

7.-C e" Me! 7A is in t'_heu. Proces 0i cnme, 0

edit:n, * nem ta E-, th-, elimination of puly- "in Muse

E ' " M. iF- E- . 'e .qth ' Frm-e'- t ap:ea-. r in tine Ir.terat : O,..l
j_ Mon Msz.-ins: Studies which haa qon e. twioLug. . ev-_---al_ dr-a-ts.
D4 tn:.aye- h-r.."ts thnL f:,n,. one. . will be .at.tached_, toz t ':H

r e '-t. ths F",''ie . F er - Ann e i ane the :.na irt.

, .IM .E pL- a A-nn-- 2 both,noted ear:i .e ,

He,-E i very br-iefly smmarie th. essential .discoveies

hi, atrc. witho-ut e',Latin open t impe.nitton.

n c-,t~ t.+ o ths- prev uE i .m e .o4 Lp st _em ts aa
-t.tic or taimont mesh ins riptions, (albeit enri metet b- uufzl

unfoding comerations as prune or selectiye rune or e':Land or

such inferential operation s as saturate). there is ncw an

obviou dualitv of mesh and operation. The "static" mesh
images the "d'ynamic" action of all of these and of several

other operat i one that do, in combinat i on and perpetual
operation, iim ce the application, producion and rep-ouction

of all stablc personal concepts in a mir:-d and brain. In a
computer i mpl emntati on empl oyi ng present day me-hines
ApplicatiL.. Ap, in any distinct mental organisation is
replaced by an application of a more limited kind: nomely,
the execution. E ..f. topics or shared ccncerta and the
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--Ai c~ oQs p-o-_E, -'E t I cE t Cr ( rL--,cns: bIE +or mnar.n
-i)7-c o.pi-) Cnt:': an d p te-e v, rc.te :~ nt r.

reSUI ti 110 p 1 CtLUr L .L'S~ r e s:e rr e~ fILk;- 0-' aC-tIi 't7' Wlth

At trC to0r S and dif 1.ector-s Fromr time to t ime these
attr.actors a:,.d dei Iectors haerad n.1eina on the' cne

hand. to b I f lt- Ca Ti On Anto parts or on. the other hano to a
directed beh z4v io -r ex, E-r ai n~ from a. prodUCtive an6 i .netic
back-aroL'nd.

I t 4.S th.L' le i a t F to reqard the apparently static
m~s h -=S a ro'UCt, a somiewhrat artl-icial proC:Lk':t', of dynamic
i nt1e.-p Iav'. Or, the other haL-nd, it is cioss'b16' to argu~e thE-t
the frash Str U-t~Ue indutCe -- e act ± vity. In fa--t they are

_ oi~~tI; th -e is e. mesh e..d i-f there atc- attact~ve
z-n r,- -f 1 er c:i e m-z~esses, t' -n b. nth are neeCed f or- a mo

H. ir- el11.E ri i--ir - e 1 n ir- An-c.:c T th- re i d

s- - E-: tc inc ,, an sihw i liei i ..
no rs-n !

to ote n3 c, E. e-' z to -t=2 t q- Lnc~ (,-F.
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Several other item havE bE~?n arnd/or 'are in tne iarocess
of de i ver v. rh>an a-e as folla1 ow

ka? Sho:rt s :gerts of video tape ma= at
th-e requ~est of Dn. Ed Johnson. Tnese'
Eegmrjt5 are intended for a s2ecific
audience. They cor1 ist in a brief
lezt,7e by Pal Pangs-o de1 iberatcly (at
request) in a "tak*ir-c head" and "poste!

'v'-siom of Apple !I + CASTE, agai.n by
Pau Pnocaro. also in a requested sivie,

switbl *tor inte-pc.'ationr in z v~a
to a small lrnp

(W A- prr. re~iuested, pcarta cul'ar 2, by
D.Fal F4p an anazociatec) 4 tape

* ~' cons. trations and-v te~

ic, cv----cr by. EBe-na'r Carver with the

IfC 0 r End E"CF2 some confusion
aVaES the 7ut of thE contract

5:i 1 11 q~ r. on; the O'M- han. 1

n~kC - .myr~ oerivot tru it ar~d
infnwe q-"c ac'Ynw2t it an~ e rem: nver
D.kll Wau 1 . zr.my return Ber'nard and I
w~nknd by~iefly on thE script wK~.chisa: by
- *rrainnnt or dcume:n.nt ary sta;~dard5,

H04VV ' udu' the circums~tances. its

-.U -s too f ch~ an cther tapes navE

bson mod.

Mearwiale5 also, David Mitchell ha6
been working on a primer which wa.s
necn completion and~ is now finished.
ConseouLentay! it was point] ess to extract
an ap:-op~iate "orm of prim er from my'
scriph. For the sco'-d, however, I shall
attech a copy of the "Mark[ed up" script
"as it was 3.eit" and thus wi.thout
t dvi np.

25



11Vi ssamirikt ion 0+ [.-now edcie

From the outset tie i mportanze of , isa-Tina~tanu kn ov, eda e
, nd fi ndi nga bv re-fereed pc-:er-s bo.:[. chzters Land cc-fer..ence
proceedinas. n as a.'IWsZ been empha-zed. COMSeqL~ent~vq. a
areat de o- cf effort ha s been e P crid ed in prescnt2:nq
c ar etLU.I II, pl:.c eo P L b1i c E.t i on , sY np s i a and s em n as.
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