A man-machine principle applied to human behavioural tests
4 By Z. HANTOs and I. MADARASZ

The subject of our paper is to draw up a principle of a special man-machine
relation and the examination of conclusions originating in this principle, as well
as of consequences emerging dunng the practical realization. :

In this system there is an automaton with a relatively great degree of
autonomy, a capacity of decision making, interposed by the cogmtlve subject into the
process of cognition, and in this manner a connection is established between
the automaton and certain mechanisms of the system to be studied which is a human
being. This automatic cogmtlve §ystem intervenes in the
activity of the subject investigated, makes a diagnosis of
the state of the system by analysing the responses received.

‘The. special nature of a connection of this type be- -
~tween man and machiné has appeared in a few psycho- TA.
logical testing methods, and in certain systems consisting = | N
of a human operator and a machine suitable to realize | | ﬂl\l\
some kind of adaptation. We outline the application of
this principle by one of the most frequently used psycho-.
~ physiological investigations, -the reaction-time (RT) mea- .
surements. One of the peculiarities to be stressed here is: IT
_since ‘the person is.given a light stimulus and his response :
is only to press a button, the man-machine conversation
occurs through a very narrow information channel. In
spite of this we are trying to make use out of this con-
nection as much as possible.

Here we are aimed essentially at giving a review of
. experiences gained in the first phase of the realization of ' 12
such a cognitive system. Dealing with systems of this type
“experimentally a twofold benefit is expected:

1. It accelerates the process of recognition of certain ' RT -
biological (in our case psychophysiological) processes. " 100" 200 300 400 rmset

2. It makes possible to study the partial laws of o
certain human cognitive processes themselves — due to Fig: I. Distribution of .
the cyb§rnetlcal ‘approach applied — independently of.the .- persons on the same
system just studied. _ stimulus structure

reaction-time values of - -
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The system, to be investigated by applying the principle mentioned above
was a kind of human behaviour, in connection of which we have had direct experi-~
mental results, performing psychophysiological research of numerous behavioural
forms. We suggest to use the term R7-behaviour, and we are going to illustrate
the practical application of this particular man-machine principle outlined above
with the help of a cybernetical system suitable for analysing this behavioural form

* " *

First of all we are going to explain what is to be called reaction-time behaviour,

or more precisely what is the reason to speak of it as a physnologlcal category

The human optomotoric RT is generally regarded as a product of a snmp]e
delay unit, and the sequence of responses evoked by stimulus sequences is character-
ized by statistical parameters (mean,
|-_ | | I standard deviation etc.). In our experi-
ments we tried to go further by applying

non-traditional evaluation methods.
The rhythmical stimulus structures-
applied previously — in spite of being
easily produced — turned out to have
SUBJECT PG. -some obvious misadvantages. Due to the
recognition and habitude of rhythm, a
phenomenon of rhythm-following appears,
EM : consequently one response cannot be con-

TEST 4a TEST 5a

) . .
TEST 4b TEST 5b

sidered to belong to the preceding stlmulus
any more.

This failure is eliminated by ap-
Fig. 2. Distribution of reaction-time values plying pseudo-random stimulus sequences
obtained from the same person on the same  precented by the experimenter himself.
day. In the test versions a and b the inter- :
stimulus intervals were produced by a random’ In the most up-to-date_ {neth‘o‘d at present

ge'nerator of the same parameters. the basic structure of stimuli is produced

by the random generator of a computer.
In certain cases, we modified the ba51c random structure by interposing short
sequences of ﬁxed intervals.

Various stimulus sequences consisting of 64 or 128 interstimulus .intervals
were available on punch tapes, and were fed into a special-purpose computer
(NTA 512), which gave red light flash stimuli to the subject. (The light stimulus.
ceased only when the subject reacted with pushing a button. Hence, he could estimate
his performance more or less precisely.) The reaction-time values were measured,
stored‘and then displayed, or registrated in punch tape for further analysis.

A small but psychophysiologically well examined group was investigated for
a long time using various stimulus structures.

Our aim in evaluating the results has been from the beginning to be able to
classify the individuals according to their psychophysiological types and actual
states. In connection with this it soon turned out that if only traditionally accepted
statistical methods were applied, the types and states could be separated only by
comparing with the results of other psychophysiological tests — if it was possible

RT {msec hy RT| msec

100 200 300 400 .- 100 200 300 400
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at all. Therefore we examined the distribution of RT values in which significant
various shapes were found indicating the individual differences (Fig: 1).

Naturally the statistical parameters (mean, deviation, greatest occurence etc)
can be illustrated by these histograms.

It can be seen, however, that the shapes of histograms greatly depend on the
interval structure applied in the tests.
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Fig. 3. Reaction-time sequences on the same test structure. The first and
second curves were obtained from the same person in the morning and
- in the evening, respectively. The third and the fourth ones are from an
other person and are paired similarly. In the marked phase the per-
manence of individual response patterns is well shown.
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It was surprising to find strongly different histograms (Fig. 2) registrated from the
same person on the same day, in response to two stimulus sequences of a random gener-
ator with same parameters. This phenomenon turned our attention to the fact that:
the shapes of histograms depends less on the statistical characteristics of stimulus
structures, but more on the context of preceding stimuli. Naturally, it means at the
same time that when examining the context-dependence of each RT value, it is
not sufficient to take into account the dependence on one preceding interstimulus
interval only, since the interval distribution of random stimulus structures with the
same parameters can be considered to be equal (in the case of sufficiently great
number of samples). Consequently in the two test versions the same response-
distribution should be received.’ .

We examined the dependence of RT values on the one. preceding interval, and
we found slight correlation in the case of very short (200—500 msec) intervals only.

After this there was only one way left to analyse the reaction-time sequences:
to analyse them as sequences, i.e. time processes. During this examination a partic-
ular attention was paid to responses evoked by certain stimulus patterns consisting
of 2—10 stimuli. These responses, because of their peculiarity, can be called as
“‘response patterns’”. It was observed that the same persons on different days
— occasionally in different physiological or psychical state — produced charac-

- teristic individual response patterns.
In the Fig. 3 the first and the second curves represent the response of the same .
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person on the same test structure in the morning and in the evening, respectively,
the third and fourth curve show the similarly connected results of another person.

Analysing the patterns it turned out that their individual-determination is of
greater degree than that of their distribution not reflecting time processes. An analysis
on the basis of time processes — though it is more difficult — provides also more
information.
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Fig. 4. Reaction-time sequences obtained from the same person. In the second case
each interstimulus interval of the test structure was restricted to the half. Note the
similarity of the RT sequences in the lined sections.

It was reasonable to try to give an explanation of the phenomenon in the
following way: during the test the sequences of stimuli of the same intensity, or
on the other hand the sequences of intervals between them constitute the environ-
mental changes for the person examined. The person or more precisely his complex
of mechanisms taking part in producing responses — while his state is being changed—
will produce his response. The response can be conceived as context-dependent if
the context is constituted by the complex of stimuli and the preceding responses.
On the other hand, the response patterns can be regarded behavioural patterns
to the environmental changes. It is reasonable to state that human beings show
a particular RT-behaviour under these experimental conditions. Furthermore,
we supposed that the RT-behaviour explained in this way is a component of the
human individual behaviour as a whole, consequently it is characteristic for the
structure of his nervous system.

This behavioural conception of RT-patterns being one of the starting points
of our work, is strongly supported by our observation illustrated in Fig. 4.

The curves are from the same person, in the second case each interstimulus
interval (ISI) was restricted to the half. (For an easier comparison the scales are
different). In spite of this in the two curves we can find three sections with almost
the same shape, amounting approximately 50% of the test. This finding supports,
on the other hand, our previous statement that a RT-value cannot be explained
only on the basis of the one previous ISI value.

A question arises: how is it possible to recognize the typological class and
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actual state of the person examined from the RT-behavioural investigation. To-
determine the behavioural signs mentioned above a great number of strmulus.
patterns should be employed.

. The application of certain stimulus patterns to a given person can be fruitful
if the person reacts to them in a sensitive way, but at the same time an other person
— just because of his different reaction type — éventually provides non-informative,
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Fig. 5. Simplified block diagram™ of a man-machine system
for psychophysiological testing. For explanation see text.

non-characteristic responses only. It is easy to see that during further examinations
with two persons, stimulus patterns of different types should be used. Hence, in the
cognition of RT-behaviour — like every other cognitive process — we should pass
through the stages of preliminary hypothesis — experiments — modified hypothesis —
- control, etc. periodically repeated. This process takes a lot of time, the cognitive
subject’s judgement and decision is slow (in comparison with the speed of infor-
mation concerning behavioural s1gns) and finally, the duration of an experiment is
limited. .

These considerations constitute the basis of the experimental setup in which
a particular man-machine relation mentioned in the introduction can be realized.
One of the peculiarities of .this system is — as it performs the mechanization of"
a phase of the human cognitive process — to include by all means a functional

model of the object exammed
#* &

® .

Fig 5 illustrates a schematic, simbliﬁed block diagram of the system consisting -

of a person investigated and a computer. The major functlons of the subsystem .
to be realized by the computer are:

, 1. Comparison of response patterns of the subject and of the functlonal modetl
to the same stimulus pattern, on the basis of s1m11ar1ty criteria.
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2. Suppose that after examining the possible model variations i.e. possible
parameter-constellations the similarity criterion is satisfied by several sets of
parameter values. Therefore, they are to be stored representing diagnostical
alternatives at the present stage of investigation.

Then, the corresponding parameters of the same value in the different sets
satisfying the similarity criteria must be searched in order to leave them out of

RT consideration i.e. to fix their value during
msec . . . -
400 the further investigation. Hence, the
necessary number of model versions to -
1 / ™= be examined at the next stimulus patterns
Y N \"f"’\~/ N T can be reduced step by step.
-200 . © 3. After establishing ' the ‘“‘proper”
' sets of parameter values the next operation
is to choose one out of the stimulus pat-
terns stored, depending on the previous
400 S responses i.e. on.the model parameters
/ | of greatest uncertainty. This requires to
300 _ - ~=  classify patterns from the point of view
: /‘ of several parameters to be determined.
200, Consequently, an extensive, off-line model
investigation is to be done in order to
compile a parameter-oriented set of sti-
mulus patterns.
400 T ' g - The steps sketched above form a
/ N ) T cycle of cognition, which is likely the same
_ 300 7y ‘\/" e in some human cognitive processes. Each
200t : : - : cycle produces sets of parameter values,

» - ‘in other terms, they are points in an »-di-
Fig. 6. Behavioural patterns in reaction-time mMmensional space of parameters. It is expec-
sequences. 1) slow fluctuations in RT per- ted that after some cycle these points will

formance indicating energetic processes, 2) : e
“surprise effect”: a mistake followed by be placed in the space of parameters within

successful corrections presumably owing to & domain well representing: the person’s

high motivation and good energetic economy, - psychophysiological type and actual state.

3) “surprise effect” followed by slow correct-  Also, if the existing psychological and

lons. physiological categories for types and

states can be expressed by the language of

model parameters i.e. boundanes can be formed in the parameter space, then,

using suitable classification methods the diagnosis will be made.

According to-this concept, the realization of such a system started with construct-

ing the model of human RT-behaviour. The model experiments — accompanied.

_by further human experiments, of course — are expected to suggest principles of

formulization of the cognition strategy, of similarity criteria, and of selecting sti-
mulus patterns into an appropriate parameter-oriented pattern system.

300

* b
£

The major part of physiological mechanisms integrated in the human RT-

behaviour is supposed to be of neuronal (nervous) character. A minor contri-
bution is thought to be added by biochemical, hormonal, biophysical (muscular)
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factors. In spite of this, a neuronal-network type model based upon formal neurons,’
or upon their recently developed, more sophisticated forms, behaving like randomly
connected, moving-threshold elements — could not be applied. This "'was because
— as usually occurs in biological systems — neither the number of the elementary -
functional elements, nor the exact form and nature of relations connecting them,
as well as the transfer functions realized by the subsystems were correctly known,
What remained was the way of constructmg working hypotheses about the most proba-
ble physiological and psychological - . , :
mechanisms that interact according to
general psychophysiological laws more
or less proved, thus forming a unique
system of the human behavioural mode . l
" to be studied.

In Fig. 6 several phys10]oglcal
examples of behavioural patterns are
shown in attempt to illustrate the way
of our thinking- we followed in con-
structing functional analogies of the ru-

" STIMULUS

S

_les presumably manifested. - _ D REACTION
The first response patterns on the il TIME

figure was a very common finding in ' 3

numerous tests produced by almost all [151

persons if a randomly distributed but - . .

nearly isorhythmical stimulation is pre- . f{{,g i)7hBl.°°k dll:agram l°f t?.e model ‘
sented. The wave-like- shape of the ot Rl=behaviour. tor explanation see text.

- contour line suggested the existence

of at least two basic mechanisms to be considered: a more or less correct estimation
-of the distribution of interstimulus intervals and the energy-dependence of some
* psychological activities not correctly known at yet.

The second pattern is a particular type of response occuring with a consxderable.
variability, but preservmg its general character in all the tests, where a firmly settled
signal distribution is suddenly followed by an interval surprisingly different from
the preceding ones. Considering its" pecuhar shape, the idea about an .estimator
that functions accordmg to some kind of probabilistic logic, seems to be more
validated, and further on, this estimating-mechanism presents itself to be governed
by a correcting mechanism too, which must be activated whenever the person
deviates from a mean performance, i.e. an error detecting function can also
be supposed. If the executive part of the system, (the energy-dependent sub-
systems) is well .fitted to the task and the estimators are working properly too,
then a very successful corrective step will be performed, as seen in the 2. patterns.
But if the person is more tired, or the economy of the energetic chain is disturbed
by other reasons, the correcting step induced by a mistake cannot be so successful.
(See patterns No. 3.) A further assumption emerging from the facts and relations
mentioned above was the following: the psychophysiological activity requiring
some kind of energy would be the focusing of attention to a specific task, or in neuro-
physiological terms the concentrating of excitation upon a central nervous system
area surrounded by some specific sort of lateral inhibition. This area seems more -
likely to be the sensorimotor cerebral cortex; thus the specific excitation-inhibition

- 5 Acta Cybernetica
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pattern impinged upon it will determine the synchronity of nervous cell’s firing,
which, in turn results in the absolute value of the reaction-time. This latter assumption
is strenghtened also by introspective observations, according to which voluntary
focusing of the attention to one’s manual activity rather than to that of stimulus
perceiving — considerably shortens the reaction time. It is also an introspection
that plays a consnderable role in detecting such feedbacks which for example, are
. activated by a sudden or even continuous
involuntary fall of the specific attention
level.

After havmg analysed a great variety
of such RT-patterns it became clear that
all mechanisms supposed to take part in
generating them, can hardly be kept in
mind at the same time. Therefore, we
tried to describe these mechanisms, i.e. to
formulise a model of the mechanisms

t supposingly involved in RT-pattern gen-
- i ; — eration. Every mechanism seemed to have
0 1000 -2000 3000 msec two aspects of its functioning: one is the
information processing, the other is the
= [ - operating as an energetical system of finite
* _ v capacity. As a matter of fact, these funct-
i . ions are closely connected to each other,
AR R : still, we separated the whole model of
0’ . mechanisms into two parts. A subsystem of
energy distribution is responsible for
maintaining an energy level necessary to
perform the task. This subsystem is con-
trolled by the other part of the model in
many ways.
t Obviously, the present model does
: 1600 2000 sec not 1nclqde all congldgratlons we n.‘lak'e
: when trying to explain a pattern qualitati-
Fig. 8. Generation of “focusing” impulses vely. Its task is now only to decide whether
based on wide (above) and narrow (below)  thjs concept of energy distribution and
distribution of the preceding interstimulus in- . . . . g
tervals. Thick lines indicate the position, width mformatlor} processing is sufficient or not
and height of the focusing impulse. Dotted for presenting basic properties of human
lines represent the specific attention level (E.) RT-behaviour.

related to its resting (unfocused) value (Esq). Fig 7 shows the simpliﬁed block dia-

Due to the focusing, E, suddenly rises, and f. h del. Th . .

then falls almost to zero, when the stimulus ~ 2ram of the model. The energy distribution
appears. system consisting of the energy source Q,

: energy stores S; and S,, energy channels
G, Gios Gra, Ga can well be illustrated by electrical or hydrodynamical analogies.
The energy level of §; corresponds to an unspecific attention level supplied by Q
and consumed through the channels G, and G,,. S, stores specific energy of attention,
_ its content is then regarded to be available for actions in RT-tests, and is consumed
through the channel G,, almost entirely when a response occurs. The increase of
the transfer capacity of Gy, (which is occasionally accompanied by the simultaneous
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restriction of the channel Gy, representing the aspecific drainage of energy) causes
4 transient increase of the specific attention level in S,. This process occurs when
a “focusing” instruction comes from the other part of the model. _

This instruction.delivered by the focusing unit F can be produced in two dif-
ferent ways: 1. on the basis of the distributton of the preceding interstimulus intervals

" stored in D, and 2. by observing that the level of S, falls to a certain threshold ‘

This feedback evoked focusmg occurs
when the stimulus did not arrive by the RT msec

time expected on the basis of the ISI 400 =
- distribution and the level of specific atten- 200 e
“tion slowly decreases. :
In the focusing process the subjectively 500 ) =
estimated value of the preceding response - 400 ,
plays a very important role. Here the TP
- motivation level of the subject examined is  3%° ] :
‘thoroughly involved. The “self-estimation™ 200' ~ | ]
SE realizes in the present model yet a
simple relationship between the preceding _ MODEL
response and the weight factor produced 300 & -
for the focusing impulses.

The characteristic of the “‘executive” 29
unit £ shows our assumption concerning  Fig. 9. Reaction time sequences obtained from
an inverse relationship between the reac- two persons and from the model on the same
tion-time_value and the actual specific stimulus structure.
attention level.

As an example, Fig. 8 shows qualitatively how focusmg impulses are generated
and furthermore, how the specific attention level is affected by the distribution
of preceding ISI values. Nevertheless, it is to be stressed here that the weight

factor for a newcoming ISI depends not only on its relation to the former dis- -

. tribution but also on the fact that shorter ISI values are naturally of greater -im-

portance than the longer ones (namely.in case of unexpected long intervals one can
"rely upon feedback mechanisms maintaining a high, but fluctuating attention level
for a reasonable time. Naturaily, since the most intellectual part of the model
is concerned here, beside the processes learning and forgetting, habituation-and
dehabituation, certain emotional weighting functions indicated probably by the
reaction-times themselves should be taken into consideration.

" In this initial stage of work we were seeking for those approximative ranges.
of model parameters within which the RT-behaviour of some individuals in our
experimental group could be simulated. Other than stated a good similarity between
model-generated and human patterns, the analysis of time processes in the correspond-
ing patterns ‘supported our basic hypothe51s according to which there are two charac-
teristic functions closely coordinated in reaction-time generatlon an act1v1ty 11ke

. information processing and its energetic conditions.

In Fig. 9 the upper two curves were registrated from two different persons,
while the third is a model-generated pattern. In_the initial phase a considerable
difference can be seen between each pattern, showing the better energetic economy
and estimating functions of the first subject. In the second phase, however, the
courses of the reaction-time values are of uniform character. :

5#
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Fig. 10 illustrates response patterns of two persons and of the corresponding
model versions, to an other stimulus pattern. Both versions have estimating and
focusing parameters of same values, and in the

l.:lrl i T second case the energy levels are only slightly
0.6G. m higher than that in the first one. In the second
300 case, in turn, there were higher focusing impulses
i \w\ UL AU /ﬂ] produced, as a result of a more intensive self-
200 S5 estimation i.e. of a greater effort to shorten the
reaction-time after a long one. Consequently,
400 S the only .diﬁ'erence between 'the two person’s
! MODEL : w RT-behaviour was — according to the model
300 experimerits — the higher motivation level of
s ' V_‘\ﬁ the second person. '

200 ‘ According to our final task the model of
RT-behaviour, being a subsystem of the comp-
1,60 . lex cognitive system, needs a further develop-
LT w ment in a rather unusual direction. It is due
300 to the fact that among the subjects of our ex-
N ' '”‘”‘M L] perimental group there was a separated RT-
200 ' I behavioural class of the persons whose patterns
could be simulated by the present structure with

400 Vinsay ] best fidelity. '
200 MODEL . This class consisted of two persons, a pro-

ﬂ || fessional pilot aqd a racing er_ver. .

200 e The conclusion is that in developing the

. e . model an energetic chain of ‘worse .economy

Fig: 10. Reaction-time sequences from S, .
two persons and from - their model- governed by a less precise information system
versions. probably of stochastic nature as well, is required.

lelﬂlnlllbl quOBCKO;hiaMIlHOﬁ CHCTEMbI NPHMEHHTE/ILHO K TE€CTAM MOBCIACHHHA

ABTOpaMH mpenjlaraeTCs METOAHKA MPOBEACHUS TMCHXOMH3UOIOTHYECKHX IIPOLECCOB 06Cie-
nOBaHWs, OOeCHeYHBAtOUIasT MHHHMAAbHYIO 10Tepio uHbopmauud. g ysenmueHus 3dpdextms-
HOCTH oOCrenoBaHuii COCTABNAETCS MHAMBHAYAJIbHO JIJI KaXKOOTO HauveHTa CTPYKTypa pas-
JpakeHWl B 3aBHCUMOCTH OT €ro mpeablaylyux oTBeToB. TIpn 3TOM TpeGyeTcs BBICOKASA CKOPOCTH
0b6paborku uMHboOpMAaUMHA O peakiuu OOCHEeNycMOro TAlUMEeHTa W, CAENOBATE/LHO, BKIIKOYEHHE
B pa3pabaTriBaeMyro cucteMy SpicTpozeiicTByrouleit 1IBM.

BO3MOXHOCTE H LIEJIECOO0OPA3HOCTb peanu3aldy TaKOH CUCTEMbl WLTIOCTPHUPYETCS HA TIpH-
Mepe MCCAEAOBAHUSA ONITUKO — MOTOPHOTO BpeMeHH peakuud. Ha nepBoM 3rane HeoOXOAUMMO pas-
paboTars Mozens peakiud ToBedcHus. B paccMaTpuBaemo# 4eNOBEKO — MALUMHHOM CcUCTeEMe
4YeJIOBEK ABISETCS OOBEKTOM ympaBneHus (IIO3HAHHS), & YNPaBJIAIOLIMM 3BEHOM — BBIYUCITHTE b=
Has MamMHa, ONpeNesAionas BUAB Pa3/ipaXkeHU# M OLEHUBAOIIAA OTBETHI.

TlpoBeneHHbIE IKCHEPHUMEHTAJILHBIE MCCAEAOBAHMA TIOKA3alH BO3MOXHOCTh TNPEAAOKEH-
HOIO TIOAXOAA M al€KBATHOCTb MOJAYYEHHBIX Pe3y/bTaToB CHOPMYAUPOBAHHON rHIIOTE3E.
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