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LEVELS 07 DECI SI ON MAKING AND
CERTAIN PRABBLEVS (P ARTI FI Cl AL
| NTELLECT

b. N. Zaval i shi na, B.P. Lonov,

V.F. Rubachin, Institute of

Psychol ogy Acadeny of Sciences

of the DSSR7 Vavilov Street , 37a,
Moscow, USSR

Pecularities of Decision micing pro-
cesses on eeneo-perceptual and speech-
thinking levels are described. The pro-
ductive oharactes of these processes are
demonstrated.

ne of thetraditional ways of arti-
ficial intellect constructing is an ana-
lysis of real decision mking processes
of man and subsequent formal description
of them Heuristic programmng, however,
representing t o nany scientists mnd an
acne i nrealisingthis approach has not
approved hopes, pinned on it neither
practical* nor theoretical ones (see,for
examle, 3,4).

Prom the psychological point of view
theinitial positionof heuristic model-
ing pf thinking (inparticular the prog-
ramof Conmon Decision Maker Problemby
Newel | , Sinon, Show) contradictstothe
principal characteristics of mental pro-
cesses: a)totheirreflective character
(they are thereflection of objective
world, but not an operating by simbols);
b)toactive character of thisreflection
(mental reflectionis not a passive re-
production of outer world objects, it is
not a reproductional choice, sorting of
al ready acquired know edge, it is cogai-
tion, i.e. It isanactive productive
"bailing* from objects new and new con-
tent by neans of including theminto new
systemsof relations/ | |/

On the present stage the research of
mn cognitive processes having been signi -
ficantly realized in connection with de-



cision nmaking (DM problem

In this paper it i s supposed to ana-
| yse the peculiarities of decision nak-
ing onaperceptive-identificativele-
vel (signal detecting, visual perception
and i dentification, uncoding of aeropho-
tographs and so on) and on speech-thin-
king | evel (operative tasks solving, in
whi ch the nmain purpose is to construct a
node of action)*

There are nany classifications of
deci sion making situations. To characte-
ri ze tasks being solved ondifferent | e-
vel s we use one of these classifications*

V. V. Drudehinin and D S Kontorov / 2/
consider three types of decision naking
situations (systems), informative, ope-
rative, organizationals

| nformati ve deci sions are to answer
questionwhat is trully?* and consist in
situation diagnosis ('situation distin-
gui shing' according to the authors' ter-
m nol ogy) .

pperative deci sions are to answer
question 'how to act' and consist in wor-
king out a node of control*

Organi zational decisions are to ans-
wer question 'what for a systemor an or-
ganization it must be? and consist in
structure determning and in functions
di stributingin?* supposed organization.

Ment i oned above classification per-
mts to consider DM on perceptive-iden-
tificative level (perception and identi-
ficationtasks) as informtive decisions
and working out a node of acting by ope-
rative tasks solving as operative deci -

There are two basic stages in DM
processes: infoimtive preparation of
deci sion (stage of 'predicision' accord-
ing to P.K Anochin) - search and distin-
gui shing information about situation,
buildingitsinage; and procedure of DM
itself construction or actualization cf
hypot heses about an obj ect; working out
a principal and a program of action.
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Psychol ogi cal Peculiarities of
Deci si on Miking on Perceptive”

The process of solving a perceptive-
| dentificativetaskandespeciallyits
stage of informative preparation of deci-
sion is closely connected with search
operations, with searching stimuli,wth
searching i ndi cations of objects, being
conpl eted by formng object inage.

Qe of the authors researched foil-
| ng perceptive inage i nthe process of
perception certain sets of figures repre-
senting arbitrary conbination of straight
and curve |ines. PhaBe character of this
process was demonstrated in this research.

In the first phase of perceptive
image formation a position of figure in
visual fieldrelativeto basic coordina-
tes of space, general sizes and propor-
tions of the figure and basic colour are
reflected.

| n the second phase reflection of
the nost sharp overall of figure coun-
turs and i t s basic (the biggest) details
takes place; specificationof the figure
colour characteristics in going on here.

In the third phase differentiation
of figure small details and specifica-
tionof i tscolour characteristicstake
place.

In the forth phase formng adequate
inmage i s being conpleted and i t s correct-
ing is being carried out.

So a substancial psychol ogical cha-
racteristics of a perceptive inage form
i ng and search operations, providingi t ,
s an intensive analitical-synthetical
activity with distinguishing different
i ndi cations of object indifferent pha-
ses of process*

Anal ogours data were recieved by one
of the authors by researching perception
and i dentification of conplex single and
group objects (noisy inmages). (ojects al -
phabet consisted of 18 stimuli with 10
gradations of resolution (from7 to 40




m n/ nm) «

Tw | evels of information process-
| ng were denonstrated: 'topol ogi cal * and
ecat hagorical'. On the forner I evel (up
to 10 mn/nm) there were distinguished
two underlevels: a)grouping not clear
"blurrs' relative to their sizes;b)group-
I ng not clear inages according to 'topo-
| ogy!; c)inner-group differentiation. One
the [atter level (above 10 mn/m)there
were distinguished underlevels of group-
ingand di fferentiation of objects con-
figurations as semantic 'formations' in
conformty with their classes (underclas-
ses) and types, i.e. it is being carried
out sectionconcretization,

Resear ches of group conpositions
have shown that by significant distor-
tion of an inmage by noises the |osses of
| t s elements coul d be conpensated i n ca-
ses of usage of outer obstacle steady i n-
di cators and also by increasing idea ac-
tivity (imgination) and thinking activi-
ty. Dispute the fact that this process
I's being carried out already beyond the
limts of inmage resolution the aim of
i dentificationcouldbereached.

| t has been denonstrated i n experi -
ments that the process of perception has
an extensive search character and i ncl u-
des to nore or | ess extent indicative
conponents, taken from previous experi-
ence, It seens to counter only on sepa-
rate sections.

The process of sinple objects iden-
tification has conpletely different cha-
racter. This process is curtailed and
has no clearly distinguished stages, it
i s based on different ways of observing
and on di fferent operative units of per-
ception. It is typical for identifica-
tion a sharp shortening indications dis-
tinguishing process by preserving a de-
finite set of famliarising conponents.
| n outer plan mnim zation cones to di -
rect 'output' into symmetry axis or to
figure centre, to excluding several re-
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gions from analysis, to nore regulated
observation of remained regions. In inner
plan m ni m zation cones to usage of dif-
ferent conbinations of |ndications owng
to distinguishing them enlarging and
posterior semantic coding. I dentification
actions arerealizedindifferent time
regi mes.

Intable 1 is show a quantitative
conparative characteristic of processes
of perceptive studying and i dentifying
on the level of basic multitude (defini-
tions of object type according to the
mai n paraneters of eye novenent during
perception tasks sol ving).

Tabl e 1.
Conparative characteristic of
perceptive studying and i dentifying
processes (average dat a)

(ka- Duration Qan- Distribution of
rac- (sec.) tity trajectory para-
te- m Of meters (%
rie- of ol fic- trans- re- return
tic task fie- sa- lati- ver-inove-
pro- solv- sa- tion onal se nments
cess ing tion po- nove- nove-
Ints ments nents

Per -
cep-
etul 9% °'36 14 29 . 42 16 42
dy-
| ££
R
i
es- 3@ 028 6 10 50 25 25
tron

The search of given objects against
‘notl ey’ background as it takes place in

t he tasks of decording is nore conpl ecat -
ed. The strategy of objects search in de-
cordi ng processes has di fferent character,
depending on given task, content of decor-
ding objects, stage of searching and ef -

ficiency of operator. Particularlyon

the stage of conplex objects analysis

and sinple objects search there were re-

vealed three types of searcht chaotic,

choising or search itself and search by
semantic anal ysis. For chaotic system



| ess search i s typical dependence onits
dynamcs, on physical strength of stinu-
| i perceived, there are absence of plan
I nwork and | ow degree of conmuni cation
here. For choising search is typical de-
finite sequence i n decording: a) nove-
nent according to planned search direc-
tions on the base of using inner sanples
and conparative analysis of perceived
objects (parallel identification of ob-
jects), b) classification of perceived
nul titude upon relative submultitude on
base of using outer sanples (i n aeropho-
tograph it sel f) and conparative anal ysis
(successive identification of objects).
Search by senmantic anal ysis i s based on
course and effect associations correl a-
tion interconnections anong situation

el enents. For this search is typical
creating prelinmenary system of hypot he-
ses about content of studied situation.
It Is going an intensive anal ysis
through synthesis. In the result of ad-
di tional analysis certain hypotheses are
t hrown anay* several hypot heses are con-
firmed and different ones are corrected.
The decisions in conplex perceptive-iden-
tificative tasks are connected not only
wi th rechoi sing hypotheses, but buil ding
them as wel | .

The DM stage on perceptive-identi-
ficative level, as we have already nen-
tioned, includes operations of building
and choi sing hypotheses and col | ating
themwi t h formed inage of object.

For clearning general dynamcs of
process of hypothesis building there we
re carried out experiments on identifi-
cation of noisy photoimages of geonetri -
cal figureswith i2resolution grada-
tions (from5 till 35 mn/nm) indiffe-
rent tine regines (from03 till 15
sec).

Depending on task and physical con-
ditions of experiment the choice of hy-
pot hesis can be real i sed on di fferent
| evel s. The know edge of information a
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priori provedes possibility of output to
final level omtting a nunber of inter-
nmedi ate ones. I n case of difficultyin
hypothesi s choising on the | evel of ba-
sicmltitude there could be transition
to I ess concrete | evel s. Experinental
researches t estify that different percep-
tive and semantic i ndications including
integral ones are used on every inform-
tive level.

The psychol ogi cal analysis of the
DMstage by di gi t srecognition (inscrip-
tion according to MVrth) and of the
Russi an al phabets [ etters (w th exposi-
tion time about 30 ne) allowed to reveal
the connection of this stage with | evel
of perceptual inage formngness and | e-
vel of standard generalisation. As expe-
ri ments showed, the whol e nunier of
standards', fromwhich singling out is
realized, becones actual by perception
of each digit. Inadditionto this, the
nunber of actualized'standards' (the
length of a series) is different for dif-
ferent di gits. Theindications by which
the collationis taken are also changing

It turned out that by repeated ex-
positions of the sane digits subjects
applied to other standards while reco-
gnizing them It can be supposed that by
multiple identification of an object it
s collatedevery timewthdifferent
'standard* ('al phabet') systens depend-
| ng on what phase of Inage form ng the
collationis being carried out. (e can
say that those indications which nan can
uses by identification are sliding and
depend on dynamcs of inage form ng.
Doing it subjects collate every tine the
perceptual image only with a small quan-
tity of 'standards' changing those indi-
cations according to which the col l ation
| s taken.

(e can suppose that 'standards'
search shortening is also conditioned by
the fact that each of themis a genera-
|ized image of objects category. 'Stan*




dard" generalization accounts also for
possibility of identification of objects
whi ch have not been met in previous ex-
perience but have features common with
those objects which have been net.

Thus DM processes on a percept ual
i dentificative [evel - especially when
M is being done under difficult condi-
tions - are characterized by the follow-
ing peculiarities:

1. These processes as on the stage
of information search and perceptual ina-
ge formng, so on the proper DM stage ha-
ve productive character expressing in:

a) constant joining an object  of
perception or identificationin newsys-
tens of connections by nmeans of analyti-
ca-eynthetical activity (indications al-
phabet changing, alphabet's "sliding'
character),

b) changing a generalisation|evel
of objects®indications (transitionfrom
perceptive indications to semantic ones,
enlargement of operative perception
units).

2* DM procedure on this level is
oarried out to a considerable extent not
owing to actualization and sorting out,
but ow ng to hypotheses constructing. W
think that the [ atter circumstance is ve-
ry important, as the situation of singl-
Ing out sorting out hypothese is consi-
dered in the nost works on DM probl em
(ref.2,4) as typical for a DM process.

3. A DMstage is substantially de-
termned by a preclding standard of gai -
ning Infoxmatlon, by a character of per-
ceptive imge. In other words,the imge
takes part in the process of actualiza-
tion and singling out hypotheses not on-
|y as an objeot of collation, but also
as an substantiallything; itsfeatures
provide selectivity of hypotheses actua-
[ization,

a - C abd

a - e acf
Figure 1
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gavohol ogi oal features of DM on
a mfl*ch-thinking [ evel

(e of the most inportant aspects of
DM problemis that DM tasks sol ving, first
of al | for action ains.

Or saying it in other words, DMis
IM°" action, on a definite node of acti-
oninagi*ensituation.

I'n the psychological analysis of in-
taTttfl UWflgciflfrpff processes allows us
to draw a conclusion auout substantial
relations existing between different co-
gnitive results of a DM process (hbetween
"sliding" imges and formed hypotheses
or actualized ones), the operative deci -
sion analysis (i.e. decision* about an
action node inasituation) has to ans-
wer the question whether the sane subs-
tantial relationsexist betweencogniti -
ve and iperational conponents of DM In
ot her words, we nust obtain an answer to
a question whether an operational scheme
I's conditioned by cognitive activity or
operational object's transformations are
o symbolic', formal activity. (W would
remnd you that just in the latter sense
this question i s considering in heuris-
tic programmng).

Qe of the authors has devel oped
experimental tasks in which an action
mode construction i s the nost important
aim of subjects. In general the task con-
sisted in disposing on a surface six ob-
jects designated by letters "a', 'b','c',
d', 'e', 'f onthe basis of know edge
about the mutual disposition of these ob-
jects (for exanple, a....b, a....d, see
figure 1). This disposition was given by
a logical condition of the task, and a
‘cue' to the usage of this condition was
given in an instruction. Figure 1 shows
the result of solving one of tasks (i.e.
required configuration of six objects).

For analysis purpose we considered
actual action nmodes of subjects as unity
of areflective conponent (the action
principle) and of an operative one (ope-




rational schene, action progran.

V& shal |l understand by the action
principle (AP) a factual (not always con-
scious, or verbalized) reflectionof pro-
perties of both a base and others ob.iecte
of transformation, really participating
inactivityregulation, (That object is

called '"base', from which the subject be-
gins his decision, i.e. whichhe fixes
first of all).

By the operational copponent (GQwe
understand such a real operation system
with help of which a situationtransfor-
mation for goal achievenent 1B being car-
ried out.

In our case transformation situation,

consi sts of objects 'a!, 'b! ect, 'db

el *f' together withtheir relations
(di spositionwth respect to each other).

But these objects are not honoge-
neous i nregard to an anount of rel atione
(i.e.inregardtothequantity of fceigih-
bours', or objects with which they are
standing side by side). The objects stan-
ding in the mddle pointB of the confi -
guration (see figure i, the objects b’
and c') have three relations, i.e. they
are standing side by side sinultaniously
with three objects. The other four ob-
jects 'a*, 'db fe', ' f! are disposed at
the extrenes of the configuration and axe
standing side by side only with the tw
obj ects. This nonhonogeneity of objects
inlogical task conditions is fixed by
the quantity of conditions per object:
the objects having two relations are re-
presented by three conditions (three
couples). It issufficient for task sol -
ving to single out and fi x tw objects
having three rel ations (al |l six objects
will be incircled and fixed i n the con-
figuration). Thus the presence of ob-
jects with three relations is an essen-
tial property of the transformation ob-
ject.

W succeeded in singling out three
| evel B of AP and three | evels of QC res-
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pectively. These | evel s have anal ogous
hierarchic structure inwhichthereflec-
tion character of task conditions is fi x-
ed and first of all, the degree of singl-
I ng out essential properties of the trans-
formation object. The third level is the
hi eghest, thenost general (it ischa-
racterized by singling out two objects
having three constraints).

Anal ysi s has showed that interrela-
tion of levels of AP and OC is characte-
rized by the follow ng peculiarities:

A operational schene is falling be-
hind fromthe appropriate [evel of AP Be-
sidesthat, thiBfallingbehindisrelat-
ed with frequency characteristics (the
rize of AP |evel occurs faBter than the
rize of OClevel) and tinme characteris-
tics. In particular the construction of
an operat |nal schene of the highest | e-
vel occurs | ater than achievement of this
AP |evel.

Thus t her e have been reveal ed i n our
experinents on operational task solving,
the follow ng characteristics:

| . Essential dependence of an action
programcont ent (an operational schene)
on action principle (the reflective com
ponent ),

2. Tendency in the course of task
solving to relization of these conponents
at the graving | evel of generalization.

3. Regular falling behind of CC froa

Pin time; besides that, its overcomng
IS possible only in the process of speci-
al activity on OC construction at the | e-
vel of achieved AP (or in other words, CC
I s not an automatical |y consequence of

AP). It can be suggested that the noted
i ncoi ncidence of AP and OC levels is a
sufficiently typical characteristic of

various types of nan activity. Evidently
this fact of relative independence of e
stage of operational action schena cons-
truction was a base for i ts absolutiza-
tion and known oposition of cognitive ac-
tivity of nan in the theory of heuristic



programmi ng*

4. Shown by us a fact of a special
construction of an operational schema
proves that an operative task solving
doesn't necesserialls nean down a situa-
tion of selecting an action node from
possible ones. The last is only a peculi-
ar case of DM about action at the |evel
of speech-thinking processes.

1* The processes of informational prepa-
ration of dlcision essentially determne
the procedure of DM on all Ilevels of DM
On a perceptual-recognizing level it is
expressed in peculiarities of informati-
on search and the level of formngness
of a perceptual image that provide selec-
tivityof actualization and construction
of those or these hypotheses. 3y formng
action node (on a speech-thinking level)
this is expressed in corresponding gene-
ralization level of an action programto
the generalization level of the action
principle although the foostone falls be-
hind the [atter.

2. The process of DM at the both stages
(preparation and DM it Belf) is producti-
ve "bailing* a new content from an ob-
ject by neans of includingi tinnewand
new systems of relations. It results in
changing the generalization level of sing-
led out propertiee of an object (showng
up nore substantial properties of an ob-
ject, changing i ts indications alphabet,

enlargement of operative units of percep-
tion).
3* The DM procedure consists as a rule

not in a mechanical sorting out but in
selective actualization or hypotheses

construction (on a perceptual-recogniz-
ing level), or ina special construction
of an action node (on a speech-thinking

level)*

4* Psychological peculiarities of DM
being showed up in experinments allowto
suggest that simulation of mentioned abo-
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ve characteristics inherent inall [e-
vel s of man DM can become one of the ef -
fective approaches t o artificial intel-
lect problem solving.
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