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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS 

sin sin 
cos cos 
tg tan 
ctg cot 
sec sec 
cosec esc 

sh slnh 
ch cosh 
th tanh 
cth coth 
sch sech 
csch csch 

arc  sin sin" 
arc cos cos' 
arc tg tan" 
arc ctg cot" 
arc  sec sec"1 

arc cosec esc" 

arc  sh slnh"1 

arc ch cosh" 
arc th tanh 
arc cth coth" 
arc  sch sech" 
arc csch csch" 

rot curl 

lg log 
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A METHOD OF  INDUCING  PSYCHOINTELLECTUAL ACTIVITY AND THE 

PROBLEM OP LONG-TERM PREDICTION OP SCIENTIFIC INVESTIGATIONS 

V.  Chavchanldze  (USSR) 

Inducing psycholntellectual activity means a particular method 

of controlling the  Intellectual a?tlvlty of a group of people 

during the solution of a problem (under specially created conditions) 
with the  following characteristics. 

1. Controlling Intellectual activity assumes special selection 

of participants In the process of psycholntellectual generation  (PIG); 

these participants would satisfy the requirements of psychological 

compatibility and high qualifications.    Psychological compatibility 

Is  the minimum requirement;  psychological adaptation would be more 
effective. 

2. The  leader creates  a special rhythm of psycholntellectual 
generation.    Question and answer sessions should be replaced by 

periods  of unexpected changes,  comparisons,  and examples. 

3. The process  of PIG Is carried out on the basis of an earlier 

developed psychoheurlstlc program.    The experiment concludes when 

the problem or tasks have been solved or basically solved.    The PIG 

process permits deviations from the heuristic program with subsequent 

fixation of the necessary additional Information, examples and 

recommendations In a form that Is suitable for generalization. 

^     PIG should take place under conditions maximally permitting 

the development of a creative, elevated mood with maximum communication 

capabilities of the participants,  for which the appropriate Informa- 

tion and organizational - technical support of the experiment Is vital. 

FTD-HC-23-2357-7^ i 

c 



There Is a specially developed system (unique for each form of 

Intellectual activity)  for Insuring PIQ.    It Includes systems of 

Imagery, communication of participants, style, room Interiors, etc. 

The system of Insuring PIQ provides for eliminating fatigue, stress, 

and over-excitement, which requires special scientifically developed 

procedures for restoring Intellectual working capacity In a brief 
period of time. 

5.    A specific form cf PIG requires preliminary experimental 
development of the psychoheurlstlc program for the given form of 
intellectual activity  ("prediction",  "analysis",  "planning", 

"examination",  "decision making", etc.) as well as a corresponding 

system of support.    Similar to the way In which mathematical programs 

differ from each other and are adapted to various computers, there Is 
no single psychoheuristic program or system of PIQ support. 

Each psychoheuristic program has its own "key" which Insures 

its effectiveness, Just as each form of Intellectual activity 

requires special forms.    During psychoheuristic programming, the 

object which  "requires" the program is man, while the machine plays 
a supporting role. 

Compiling the "self teaching" psychoheuristic program is 
linked with multiple testing of the program for suitability with the 

use of different effectiveness criteria. 

The method of compiling new psychoheuristic programs has still 

not been finally formulated, but general recommendations on organizing 

the experiment and fixing its results have been developed.     In the 

process of compiling the method, the task was posed of creating a 

system of Informal,computer-free  "decision generator" of problems of 

planning and predicting scientific investigations.    The solution was 

found during cybernetic formulation of the problem of approaching the 

goal.    In our view, planning and prediction In science should be 

"by objects":  the same object should be studied from the vintage point 

of many sciences, which corresponds to decreasing the number of goal 

problems.    It Is expedient to divide It Into subproblems, and these 
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subproblems should be classified with an accuracy up to the distin- 

guishing theoretical or experimental Indices. 

As a result of direct experiments on subjects, It was found that 
the most effective methods of scientific search are those based on 

goal setting which satisfies the cybernetic requirements. 

We shall examine a general system of planning the solution to 

a problem.    The problem Is solved by  "guiding" the subject to the 

goal which satisfies the criteria of control, reproduclblllty and 
universality  (the so-called cybernetic criteria). 

It should be noted,  however, that the success of the experiment 

presently depends on the breadth of viewpoint and erudition of the 

leader,  although the work of the  leader Is  formalized within limits 

of the possible and is  facilitated by using special devices and by 

Involving a group of experts In planning; the leader can consult 

the experts  If necessary.    The leader also has at his disposal 

"question generators" which store a system of critical questions 

developed on the basis of a series of tests on scientists.    The 

nature of the questions which the leader asks the subject depends  on 

the subject's  answers.    With respect to decisions,  Ideally they should 

be worked out by a special device.    Practically, however, the leader 
makes decisions, particularly In complex cases. 

The  "memory" Is designed to preserve  the answers of the subjects; 

at the request  of the leader, the answers  can be enterea In the 

memory  from a mimic panel  (Imagery system) or taken from the 

memory to the mimic panel, which permits the subject and the leader to 
be better oriented In the experiment. 

The "comparer" plays a special role.     It should be possible for 

the leader rapidly to evaluate the suitability of each answer given 

by the subject.    For this purpose, by the aid of comparison. It Is 

vital to clarify on exactly which points the answer Is not suitable for 

further reaching the goal and correspondingly to correct further 
questions. 
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The formulated approach Is equivalent to the approach of 

Nuell, Simon and Shaw In constructing heuristic programs.    The only 

difference consists In the fact that the data which the leader deals 
with In developing the optimal plan of scientific work have an 

Informal appearance. 

The semantic objects which the leader deals with and whose 

content Is subject to transformation can be divided Into three groups: 

- formulations and determinations (the problem, the main    sub- 
problem, the subproblem, the goal of solving the problem, the goal 

of solving the subproblem, the goal of solving the main subproblem); 

- ideas  (complete solution, the working Idea), enumeration of 

working ideas; 

- enumeration of difficulties 

The requirements which the leader must  Impose on the semantic 

objects are specific  for each of the groups. 

We developed an experiment system which produces a graphic 

representation of the actions of the subject,  the leader, and the 
computer in developing an optimum plan for solving a scientific 

problem.    The experiment begins with the question "problem", asked the 
leader by the "question generator".    When the  leader poses the 

question:  "Which problem formulation?"    the subject answers: 

"Formulates the problem".    This answer enters the "memory", after which 

the entire cycle of transferring actions from the computer through the 

leader to the subject is repeated.    The leader's check of different 

conditions noted in the system is carried out by the aid of the "com- 

parer", who suggests the appropriate criteria and recommendation^. 

The unique  feature of the system is the presence of cycles which 

make it possible once again to cover certain sections of the 

procedural circuit.    For example, lack of correspondence of the goal 
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of solving the problem and formulation of the problem atlmulatea 
verification of the latter. 

In the final analysis, formulations of the problem, goals 
of problem solving, of the main subproblem, and goals of solving 

the main subproblem as well as a method and plan of solving the 
main subproblem are developed. 

In practical use of the method, well known scientists — super- 
visors of scientific collectives ~ were Invited to be subjects. 

Leading Fellows of the Institute of Cybernetics played the role of 
experts.    In the  course of the experiment,  the scientist was 

Invited either Independently  (without lead questions)  to explain 

which problem he was working on,   iow he set goals for himself, and 

how he planned the solution for the problem,  or to fill out a special 

questionnaire.    After a preliminary study of the condition of the 

subject, the experiment itself was carried out with the participa- 
tion of the leader. 

An analysis of the results of the experiments showed that 

in most cases the subjects answer the question:    "What is the goal 

of solving your problem?" — not by stating a scientific goal, but 

by a statement  of the motives linked with posing the scientific 

goal.    Therefore,  it  is extremely important  to achieve a clear formu- 

lation of the goal from the subject himself.     If the subject is not in 

a condition to formulate the goal in the required fashion, in the 

course of the "verificatiorf cycle (verifying the goal), by the aid of 

a number of specific questions the subject  is  led to recognition of 
the nature of the goal. 

Setting up the process of solving the main subproblem differs 

from the previous cycle only by its content.     During this process, in 
order to fully present  the problem to the subject, it is suggested to 

enumerate other subproblems which make possible an approach to 

problem solving from a new side.    The next questioning of the sub- 
ject basically pertains to solving the main subproblem and the 

difficulties encountered during this process.    Here, an analysis is 
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«d. or th. entire U.t of dlfflcuUle.. „d po..lbl. ,„. of 

«Meving the goal set  for the l„,estlg.t„r .re traced.    „ue.Mon. 
for   he »ubjeot are rormuiat.d In a «a, which .tl.ul.,.. hlB t0 clarl. 
fy eigntflcant u.a. which he earner did not even .uapect ..l.t!d 

All thl. nukes u poesible to determine th. character of 
•olv ng the main subprohlem.    Particular attention 1. paid to 
originality or unusual approach which distinguish.. It from the 
generally accepted point of view,    ^e subject's att.ntlon 1. in 
fact concentrated on this aspect.    A large role in revealing 

e dlr    tlon or further ^ l8 ^^ ^ « 

a to ln case the antlclpated resuits of so     the   ; 

do    ot  correspond with  the results  obtained.    With this goal,    he 
u      ct  ls que3tloned on a change ^ ^^^^ ^ ^ 8      . 

pro    em. which enables him to consider many factors which h. had 
earlier not given his attention. 

Finally, the subject Is asked to present the problem, the 
goal of solving the problem, and the Idea or plan of solving the 
mam subproblem ln flnal rorm>    It shouid ^ ^^^^ 

he experiment a great deal of attention was paid to Investigating 
the psychological preparedness of the subject to accept an, I the 
concepts.     „Is attitude regarding the possibility of Iclentlflc 
Planning, and cooperation with other scientists and scientific 
collective, etc.. „as clarified. 

As the experiment shows. In the course of PIO the subjects rapidly 
become accustomed to the new situation and. as a rule, agr e with 
he cy emetic presentation of the goal of solving bhi problem   which 

in their opinion,  greatly  accelerates the solution. 

At the end of the experiments, the subject» were asked to give 
their impressions of the meeting and to point out whether or not 

tlTl. ^ t0 0larlfy QeniiTI ,'UMtl0n8 or '" ^"UU ,u..tlon. 
which had earner not come UP for them.    All of the subject, not.d 
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«a. of th. mtir, 11., „r dimcuiti«, „„ „„.tti. ,v. of 

for 1     M' 80al '" f0r the 1"™'"««t" •« tr...d.    «„„„on. 
T.     in   ^V" f0rnUl"e,i ln ' W,y '^ "1-1«" "" '» =1-1- fy .ignifio«, i..tt ,M.h he Mrller m not even 8uapect ^.^^ 

All thl. .rto. it po..ible to d.t.rmln. th. char.et.r of 
•olvlng th. min .ubprobl«. P.rtleul.r .tt.ntlon 1. p.id to 

1.^        " UnU,U,1 aPPr0aCh WhlCh "•""tul.h.. It fro« th. 

foot    oncontr«.« on thl. ..p.ot.    A l.rg. rol. In r.,..li„g 
the d „ctlon of further wor. 1. pi.,., „, clarlfylng the    ^ 
actlo   in .... th. „tlc.p.t.d r..ult. of .olvln. th. «In .«hprohl« 
do net corre8pond with the re.ult. obt.ln.d.    With thl. «.1    th. 

Pro. ... which ,n.bl.. hi™ to con.ld.r ..„, f„tor, which h. h.d 
earlier not given hi» attention. 

aoel r8?; "" ""'3"t '' "kea t0 ,,r"ent tl» O™"™. the goal of .olvlng the probier,,  and the Id.. or pi« of .olvlng th. 
~ln .ubprobl.» 1„ rin.l fore.    It .hould b. polnt.d out that In 
h. .xpennent . great deal of attention wa, paid to Inv.-.tlgatlng 

the psychologic.! preparedn... of the .ubj.ct to .cc.pt an, of th. 
concept..    «. .ttuud. „gardlng th. pclblllty of «Untlfl. 
Pluming, „d cooperetlon with oth.r .cl.ntl.t. „d .cl.ntlflc 
collectives, etc., w.s clarlfl.d. 

A. the experiment show..  In the cour.. of Pia th. .ubj.ct. «pldlv 
become .ccu.to.ed to the new .Itu.tlon .nd, .. . rule, .gr . with 

n th.y r?: pr"entation of the goai or "^ ">• p'ohi.r.hich In their opinion, gre.tl, accelerate, the solution. 

At the end of the experiment., th. subj.cts w.r. „led to glv. 

It .VT""10"5 ^ the neetlng *"*  t0 *°int  »" -»"•«• or not 
Ichtd   :,t0 ^"^ Certaln <1Ue"l0n' " " ^^' "«-tlon. which h.d ..rll.r not com. up for th.m. »11 of th. .ubj.ct. „ot.d 
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the undoubted usefulness of the experiment and the great satis- 
faction It had given them.    They Indicated the necessity of 
constantly using the examined method In planning scientific work. 

■ 
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