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ON THE INFLUENCE OF DANGEROUBNESS ON THE
CONCEPTION OF TASK UNCERTAINTY

Mibhail 4. Kotik

Abstract. In the present article it is experimentally demon-
strated that the factor of dangerousness enhances the sub~
Jective entropy of task. On the bagis of experimental data
the quantitative functional dependence of task entropy on
the two arguments - the subjective evaluation of the degree
of task dangerousness level and the possibihty of realiza-
tion of this danger - is established. It is shown that  the
obtained dependence is applicable not only for the factor of
physical danger, but also for the factors of social and ma-
terial danger.
I. Introduction

It is generally accepted that human activity in the con-
trol system can be interpreted from the cybernetic point of
view @s information processing. In the process ths 'uubjoct'a
eatimation of the initial uncertainty of the task appears to
be of particular importence. 4s it was showm 1in our investi-
gation ( Kotik, 1974),it is the initial uncerteinty - the en-
tropy of the task - that determines the imntemsity of the in-
formational processes necessary to solve the task . The more
uncertain the task appears to the subject, the more additio-
ral environmental information is perceived or actualized from
the memory in order to find a solution and the more actiwe is
information transformation. It was also showm there,that mis-
takes ‘made: by the subject when solving intellectual tasks are
often caused not because of the lack of data for finding
the correct resolution, but rether because of the underesti-
mation of the degree of uncertainty of these tasks.It may be
said that the subject does not make use of the whole informa-
tion available. Comsequently, the correct estimation of the
degree of uncertainty of the task by the subject appears
essential in the analysis of an individual's activity.

L.M.Vekker and I.M.Paley (1969), when analyzing the infor-
mational processes of ongoing activity, peinted o their
cloge interrelationship with the enermetic iandices of the



organism. The tight link between informational and energetic
(including the emotional) manifestations in the process of
activity was stressed by K.Pribram (1975), P.V. Simonowv
(1970), O.K. Tikhomirov (1969) end many others. All that sug-
gests that the subject's images of uncertainty (of the com=
plexity of the task arised ) have to be constituted not only
from the informational data but also with regard to the emo~
tions evoked by the task.

2. The dapgerocusness and uncertainty
of the task

In oruer to actualize the problem under discussion more
exactly we would use a concrete example. Let us imagine that
we must walk along a lengthy and thick oak plank of 30 cm
width set about a meter above the ground . Such a task un~
doubtedly seems to us rahter easy and its uncertainty with
regard to the reaching‘the goal implicit in it seems low.
Let us guppose now that we shall have %o pass the same plank
but it has been cast across a deep ravine. The new task pro-
bably appears not so simple and the success of its resolution
not .50 guaranteed. Asked "Why did the task become more uncer-
tain?" the answer is sure to be - "It became more dangerousi™.
Indeed, in both cases the task was the same in fact but in the
latter case it was more dangerous to commit an error. And
immediately a new question arises:"Why did the factor of dan-
ger or the significance of the error meke the new task more
uncertain,i.e. more complex?" If both tasks were to be solved
by a robot, they were probably to be estimated equal in the
degree of uncertainty as to reaching the set gim. Hence the
difference in the degree of uncertainty of these tasks is de-
termined by'some mental or human factors. But what are they?

First,it is matural to suppose that some danger inevitable
in a concrete task should lead to heightened excitement (dis-
tressed state), disorganizing the actlvity and lowering the
physical potential of the individual in golving such a task.
However shifts in the physical functioning of the body are not
always manifested by dangerous tasks. Many investigators (Ko-
+ik,1974;Pribram,1975etc.) have shown that the factor of dan-
ger (if it is not too substantial)usually favors the mobiliza~
tion of the inner resources of an organism and thus facilitates



the successful resolution of the more dangerous tasks. Con-
sequently there is no reason to consider that dangerous
tasks become more uncertain solely because of the lowering
of the bodily potentials for their resolution.

Secondly it can be assumed that the idea of dangerous
tasks as being more complex and uncertain is based on the
specificity of the human evaluations. This assumption could
be tested analogously. If in the experiment with the plank
raised a meter above the ground, there were 99 successful
trials from the total 100, then the overall probability of
success is estimated as rather high and uncértainty as low.
But in the trials with the plank across a ravine ( here a
single mistake may mean serious results) the probability of
success is estimated relatively low and the task is pre-
ceived as being more complex and uncertain than in the first
case. Consequently,the factor of danser brings alonz re-eva-

io t i (o) it
avents,i.e.the psychological phenomenon manifests itself here.

The definition of emotions given by P.V. Simonov (197C)
makes it possible to approach the psychological manifesta-
tions of task evaluation from the informational point of
view.According to this approach the higher the task uncer-
tainty the more emotions are evoked ,i.e. emotions are con-
sidered not only to be motivated by satisfaction or nonsa-
tisfaction of the need but also as a function of the task
uncertainty which is reduced by the realization of that act.

Proceeding from the assumption that uncertainty creates
emotions we suggested that there may be a reversed phenome-
non, oti 0
In other words - with the increase of the emotiogeneity of a
task (emotions evoked by danger included) its uncertainty
should heighten too. If this is true then in the above ex=
ample the second task had to be more uncertain simply due
to its being more dangeroius and consequently more emo-
tion~evoking. .

Thus a hypothesis can be put forward: The uncertainty of
a certain task towards its desired goal is estimated by an
individual on the basis of the probability of its successful

regolution and the degree of its emotiogeneity (from the
point of view of its implicit dangerousness). This hypothe-



8is was tested experimentally. The experimemt will de de~
scribed and the results analysed.

3. Ing phvaical aspeqy of
dangerouaness

Por the sexperimental control of the above-mentioned hypo-
thesis i1t was necessary to choose such a category of events
the probability of a certain result and the degree of dan-
gerousness of which can be easily normalized. Accident in
the industrial settings were our choice. All accidents in
production are carefully recorded and the possibilities of
their occurrance assessed.The severity of injuries inflicted
is also documented (cf. emotiogeneity). As in the present
investigation we were concerned with subjective evaluations
of the indicators of probability and emotiogeneity of events \
then engineecrs of labour safety and senior students-psycho-
logists specializing in engineering psychology were chosen
as subjects. They may be considered sufficiently gratified
to assess industrial accidents. The imvestigation was car-
ried out by the method of expert scaling of a group of 50.

1t was necessary to establish the interrelations between
three(indexes or groups of characteristics of groups)dange-
rous events: expectation of their occurence, their emotio-
negeity, and the degree of uncertairnty. Being interested in
sub.jective' estimates we considered 1t desirable to use
forms of expression which are natural and common. The well-
known americen mathematician L.A. Zadeh writes: "The ele-
ments of human thought are nor the numbers but the elements
of some fuzzy multitudes and classes of objects for which
the transition form the "membership" in the class to  the
"nonmembership" is not spasmodic, but indiscrete”(Zadeh ,
1974), Hence the expectation and emotiogeneity of events was
prefered to be evaluated by relating them,on the one hand,to
certain vague consepts of frequemcy - “"rarely","often",etc.-
and on the other hand to certain vague concepts of severity
- "glight","bad”, etc. Only uncertainty or emtropy ( after
Shannon) ,which,as we know ,1s the function of probasbility,
was assessed numerically. However, it was suggested %o rate
the chances in per cent. Further it was casy to derive  the -

values of entropy ~ the degree of uncertainty of the smalywsed
svents,



The first stage of the experiment ocomgisted of estab-
lishing the emotiogemeity scale of events. Six categories
of injury severity were imtroduced to the subjects:

(1) mioro-imjuries (allowing to continus the work)(2)slight
injuries(resulting in impaired performance for a day or &a
few), (3) injuries of medium severity (prolonged impaired
performance due to some organic damage), (4) severe in-
Juries (serious malfunctioning or damage of the requiriag
a course of medical treatment), (5) cripplimg injuries (i.e.
incapacitating the persom either totally or partially for
work), (6) injuries endinmg in death - the lethal outcome.

Each subject was given a sheet of plotting paper with
the axes of coordinates of 10 cm.The horizontdl axls repre-
gented the emotiogeneity level of an avent graded into, 6
degrees of accident severity. The subjects of the experi-
ment were to plot their esimates of the degree of severity
of the cases under discussiom in this axis.

After completing this task the subjects were asked to
assess the occurrence probability of the same cases and plot
them or the vertisal axis of the graph representing in-
cidence probability in per cent. The experts were to specify
the probability of occurrence in per cent of each entry eva-
luated as frequent.Thus a graph was plotted to represent the
correlation between the degree of severity and occurrence
estimates of industrial accldents.

The statistical treatment of the material resulted im
a graph (Figure 1) representing the mean values of the seve-
rity assessments of the industrial accidents analysed ( emo-~
tiogeneity assessment) plotted against the mean assessments
of their vccurrence probability provided they have been con~
sidered "frequent". The confidence limits are given for the
scverity scale as well as for the points on the
curve Pp(S). The significance level is equal to 3= 0.999 .
Ap it can be seen from Figure 4, the actual points at the
emotiogeneity scale are distributed nonlinearly and are high~
1y statistically different.

Analysing the obtained curve Pr(S), one may conclude that
the gubiects resard _ eventg ag "frequent” not only on  the

bagis of their occurrence oprobability, but algo with due re-
£a8rd to their emotiomeneity.It may be also concluded  that
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Figure 1. The effect of the'degree of hardship of
dent on the conception of uncertainity of this
event (given the expectancy that thls event occurs

"frequently").



emotiogeneity has a rather substantial influence on the eva~
luation of occurrence probability. E.g. the probability of
a micro-injury is regarded "frequent" when its occurrence
probability is 42.5%, whereas in case of severe injuries 8
per cent of occurrence probability will'auffice to consider
it frequent. Accidents with lethal outcome are evaluated as
"frequent" in case their occurrence probtability exceed 4.7
per cent. Consequently the more emotiogenic the evemt is the
smaller are the values of occurrence probability that spe-
cify the case as frequent. The analysis of the obtained
curve P£(S) has shown that it approximates fairly well to
the logarithmic function.

" As it has been noted before ,the asseasment of occurrence
probability constitutes a preliminary stage in the presenty
investigation. Here we are mainly concerned with the charac-
teristics of uncertainty ~ the entropy of events. Event oc-~
curences estimates were recomputed into probabilities (p) ,
and the latter -~ into entropy indices according to the formu-
la H = -logzp. The new averaged characteristic Hf(s) obtained
by P,(8) qata trensformation comstitutesa correlation of
the entropy of events with their emotiogeneity of "frequent"
occurrence. 4s it can be seen in Figure 41 this dependence is
linear; apparently the entropy is growing proportionally
with the emotiogeneity of events. The results gained support
the preliminary hypothesis that not only stating the degree of
failure probability but also dangerousness connected with it
determine task uncertainty assessment by an individual.

4. Dangerougness,its probability
asgessment and uncertaioty
of tagk

The experiment described above shows the dependence be~
tueen emotiogeneity of events and their uncertainty assess-~
ments given that the events are evaluated as "frequent". In
other words a functional dependence Hf(S) between certain
factors was established. In the next experiment the task to
establish the relationship between the samé parameters (H and
5) for cases assessed as "rare" ,"very frequent" or "exceptio-
nally frequent" has been set. The experiment is a continua-
tion of the previous cune. The procedure was analoguous to the



previous one except that the frequency of occurrence was
assesged "rare". Analoguously a new curve Pr(S) was ob~
tained. .

Two more curves were given characterizing very frequent
(P_p(8))and exceptionally frequent (P,¢(8)) events respec-
tivelly. All in all four curves to characterize the d4iffe~
rent levels of occurrence probability P(S) are mapped out
by each subject. i

After the statistical treatment of the data a family of
averaged curves P(S8) was developed (see Figure 2). The
same figure also presents the recalculated characteristics
H(S) reflecting the functional relationship between the emo-
tiogeneity of the events under consideration and their en-
tropy for the respective conditions. A1l these characteris-
tics turned out to be roughly linear with the statisti-
cal difference of the significance level of 8 = 0.95 (ac-
cording to the Dixon-Massey "sign test" 1957).

From the obtained characteristica it is possible to con-
cluds that independently from the expectancy level a dan=-
gerous event is considered to be the more uncertain, the
more emotiogeneity it displays. 4t a certain level of acci-
dent severity the event seems to be the more uncertain the
leas its expectancy,i.e. occurrence probability is. The con-
clusions that events evaluated to be rare are thought to be
more uncertain as well should be termed trivial., But within
the present discussion it should be important +to ghow the
mutual influence of the factor of emotiogeneity and the idea
of uncertainty in assessing dangerous events. 4s the factor
of emotiogeneity increases the degree of uncertainty  (en-
tropy of an event) then the factor of frequency of occur~
rence,inversely , diminishes this entropy.

As it was shown by P.V.Simonov (1970), the emotions,
evoked by a dangerous event depend not only on initial emo-~
tiogenelty but also on the-subjective assessment of the un-
certainty level. The greater the uncertainty of an event the
less ready is the subject to face it. Thus dangerous events
of high uncertainty should be more emotion-evoking as com~
pared to events of higher certainty for which the subject
should be prepared to some extent., Hence it is possible to
gpeak about certain increase in the emotiogeneity of dange-

10



|

pit
8 80 1
f\
\
7 04
\
6 60
5 501
4 40}
3 30
2 20
I I0 ‘\\ ~
- P,(s) \c\\‘
\,\\
R I R 1 T
sy gz &F 5% 94
41 o 0@ afn 253
] ] wuoe 9
M 0.~ g8 o B 3
b 44 pa i ~ 8o
32 §gs o3 5 2
=] @
LX) Hoa &3 45
34 gg; U "3
a5 B s «

Figure 2. The effect of the degree of event’s physical dan~
gerousness on the conception nf its uncertainity
for different levels of expectancy of this event
("rarely", "frequently", "very trequently", "ex-
ceptionally froquently").
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roug events just due to the uncertainty of their occurrence.

As it was shown in the experiments described above the
uncertainty of an event (its entropy) may be dealt with as
a kind of measure of its emotiogeneity.The possibility of
facing a dangerous event is reflected both in the sub=
Ject's agsessment of lits uncertainty and, as it was shown by
Simonov, in the degree of emotiogeneity of the event. & con-
clusion suggests itself that W__m&

:ggjgx_g:_gngxpgg_ggnggﬂ All this is in good harmony with
the hypothesis that the subject assesses the degree of un-
certainty of a dangerous event (which can also be described
as the subjective entropy of the event) not only through

the assessment of occurrence probability but it shoulad be
remembered that the idea of emotiogenelity of the event is al-
g0 involved in the process.

5. Zhe alegorithm

As it has been stated before the entropy of an event re-
flecting the subject's individual assessment of the uncer-
tainty of the event realization possibility may at the " same
time be considered as a measure of the emotiogeneity of the
event made up of its initial value and the supplement pro-
vided by the factor of unexpectedness. The functional rela-
tionship between the initial emotiogeneity of events (8)
and the subjective expectancies (R) of their occurrence
("rare", "frequently',etc.) on the one hand, and their entro-
py (H) on +the other hand has been expressed graphically on
Figure 2. It is of interest to represent the analytical rela-
tionships of the entropy measure (H) as a fumction of  two
arguments -~ the initial emotiogeneity (8) of the events and
their subjective occurrence expectancy (P). With this goal in
mind we processed the data of an investigation py the regres-
sion analysis. The results show that H is related to S and R
through the dependence

= 3,753 + 0.7045 - 0.316R,
The hypoyheses were statistically confirmed at the level
A > 0.999.
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The dependence holds om condition that the range of
event emotiogeneity (S) lies between 3 (i.e. the micro-injury)
and 9 (i.e. death). As seen in Figure 1, the cases of slight
injury have been taken for an average emotiogeneity value equal
to 3.8, the cases of injury of medium severity for the emotio-
genelty values of 4,9, and the remaining two subgroups repre-
senting cases of severe injury and cageg ending in invalidism
have been taken for the corresponding values of 6.3 and 7.5 ,
respectively.

The scale of subjective expectancy of a dangerous event ®)
also comprehended 9 levels: 1 - "never", 2 - "exceptionally
rarely", 3 - “very rarely", 4 = "rarely", 5 - "neither rarely -
nor frequently", 6 - “frequently", 7 ~ "very frequently" |,

8 - "exceptionally frequently", 9 - "always". In the present
work we used only the values of the levels 4,6,7,8. It was on
the bagis of the evaluations of the events at these levels of
expectancy that the algorithm was developed. It may be as-
sumed that the same dependance can be applied to any level of
occurrence probability assessment.Now let us return to the ex-
arples which started our discussion and with the help of the
graphs (Figure 2)} and the algorithm let us evaluate the levels
of uncertainty of the examples given at the very beginning of
the paper. For example in crossing the plank only a meter above
the ground the subjects, should they fall it would result
in a micro-injury and the probability of failure is assessed
as "rare". In case of real failure the uncertainty +hat bas
been realized is equal to 2.7 bits. This value of entropy seems
also to characterize the level of the emotional reaction
evoked by the fall with a resultant micro-injury.

When the plank has been placed across a ravine the sub-
Ject's assessment of failure probability must,apparently, be
different, If we compare these situations further we may con~
clude that in case of failure with "rare" conditions the lethal
outcomes are possible. With this condition (according to the
figure 2 or the above algoritim) one can estimate the entropy
of such an event as H equal to 7.3 bits. Actually, this is just
the characteristic of resulting emotiogenelty of such a situa-
tion; the calculations show that the second task is more emo-~

tion-evoking this being sufficient to specify it as more uncer-
tain a task.



However, another question can arise ~ is 1t possible to
uge the algorithm in some more general way? For example, to
compare the same two tasks but as applied to different sets
of hardness or expectancy of failure. In this occasion the
second task should be evaluated on the basis of "frequent"
diapasone (here the hard accidents are frequently expected)
and the first one continues to be evaluated on the “rarely"
diapasone (here the micto-injury is expected as a "rare”
event). Using the figure 2 we can also pursue the next com-
parison: The entropy for the first task will be - H=2.7
bits, and for the other - H = 3.7 bits. 4nd though the entro-
py for the second task appeared a bit higher as compared to
the first one, nevertheless the difference (which is the
base for evaluation of emotions concomitant with failures of
first and second task ) was already less significant. Ana~
lysing this, one can conclude that in the first task the in~
crease in emotiogeneity was supported by the factor of un=~
expectedness ( such events are rare here) while in the ge~
cond task, on the contrary,the readiness for a failure of
hard outcomes (such events occur frequently) causes the de- '
crease of emotiogeneity of this event.Despite of this kind
of explanation it is difficult to imagine that the factors
of unexpectedness-readiness scale can so substantially in-
fluence the uncertainty of such different events as "micro-
injury" and "heavy injury"; it is hardly possible that these
factors have the capaclty to cause the equalization of their
uncertainty levels so strongly.

Our position is that with contrasting the levels of resul-
tant emotiogeneity of events by the means of entropy measure
we have to confine ourselves to the examination within the
same single level of expectancy until the more convincing da-
ta about the generality of the curves found will be obtained.
There is not foundation emough at present to argue that be~
tween the separate parts of experiment the above relation~
ghip must exist. However,the reverse might be assumed also ,
viz. the possibllity of the fuzzy sets of expectsngy of a
dangerous event being functionally related within themselves,
and this should integrate the different parts of the experi-
ments into the solid system.

14



6. Social and material dangerousness,

In the present investigation we are discusaing the pro-
blem of subject's relation (attitude) to the dangerousness
of physical injury. But in the everyday conditions of human
activity there are other kinds of dangers which can trouble
a man no less than the physlcal threat. In particular, the
social troubles and sanctions a meant bere. Naturally, the
question arises - do the obtained principles are analogous
when we consider the social danger? In order to get an an~
swer to this question the special experiment was done the
students being subjects. The experiment was analogous %o
the previous one except that the social, not the physical
dangerousness factors were evaluated. The next normalized
categories played the role of dangerous events : (1) get-
ting bad marks for a test paper, or at a seminar, {(2) get~
ting bad mark in an examination session, (3) expelling from
university, (4) the loss of close persom, (5) personal
death. .

In doing experiments of this kind (which include the sub-
jects expression of opinions towards some events in a ver=-
bal form ) it is important (cf. Osgood,1957) to arrange the
events on a scale of values which rise monotonically. It
was supposed that events under evaluation were arranged ac-
cording to the increasing emotiogeneity.

The same kind of plotting paper sheets with the drawn
axes of coordinates were given to the 40 subjects. They had
to locate the events of intermediate levels of dangerous-
ness on the scale between its endpoints analogously to ‘the
previous procedure. Further on each subject initially drew
the curve Pf(S) for the "frequent" condition, and after
that the analogous curves for the conditions of "rarely"
(P.(8)),"very frequently (P .(S)) and "exceptionally fre-
quently" (P ,(S)) were drawn. After the statistical analy-
sis of all of the characteristics developed by all subjects
the four averaged curves P(S) for the different levels of
event dangerousness actualization were built up. These
curves are depicted on the Figure 3. As it is appsrent,
the form of the obtained curves-is close to the logarithmic
function and the curves themselves appear similar to those

15
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Figure 3. The effect of the degree of an event’s social dan-~
gerousness on the conception of its uncertainity
for different levels of expectancy of this event
("rarely", "frequenily", "very frequently","excep-
tionally frequently").
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gerousnesgs on the conception of its uncertainity
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tionally frequently"). ‘
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of the previous experiment (see Figure 2). At the Figure 3
the recalculated dependencies of H(S) for different levels
of social danger are represented which, analogously  with
the earlier curves for physical danger, appeared to be al-
most linear. .

Thus the conclusion should be that. the above principles
which had been revealed with the categories of physical
danger, are applicable to the evaluation of human concep-
tions (ideas) of social dangerousness as well. To  enhance
the persuasiveness, we decided to repeat the experiment
with the categories of the material danger.

The third group of subjects was used. Because it was re-
quired to evaluate the various material losses in this expe-
riment, the group of extramural students of the psychology
department having a profession (engineers, physicians,
teachers, etc.) and having experience of empléyment acted
as subjects. It could be expected that these relatively
weli-insured subjects can evaluate the different material
threats with sufficient precision.

The next categories were normalized and evaluated: (1)
loss of three roubles, (2) deprivation from scholarship mo-
ney for a semester, (3) larceny of all perscnal belongings,
(4) a fire with loss of all of the possessioas, (5) death.

7. Comparing the different kinds
of danger

The subjects (40 persons) performed the procedure analo-
gous to the previous ones. As a result (see TFigure 4) the
family of curves P(S) and characteristics H(S) for aiffe-
rent levels of expectancy of considered events was develop~
ed. The graph represents a picture rather analogous to the
depictions at figures 2 and 3.

Special attention should be drawn to the comparison of
the characteristics of three different modes of danger —the
physical, social and material danger. First of all,ws should
mention that in each of the three experiments done we want-
ed to present the subjects with a diapasone of dangers
being approximately equal ( from the psychological point of
view).Departing from the hypothesis that the index of uncer-
tainty of an event indeed reflects its emotiogeneity (giwven

18



the degree of expectancy), then, as it follows from the
figures,our assumptions are not mistaken. Actually,the aif-
ferent groups of subjects specified the minimum dangers
with uncertainty value which was roughly the same : H=1,1-
1.2 bits at the "frequent” level, E = 2,5~2.7 bits at  the
“"rare" level, and H = 0,5-0.8 bits at the "very frequent"
lgvel.

Let us now compare the evaluations of the mortal dangers
as taken from the different experiments. Here again the con-
siderable analogy can be observed : at the "frequent” level
the lethal danger is specified by uncertainty values of
H = 5.3~5,8 bits in all experiments, at the "rare" level
H = 6.7-7.3 bits, and at the "very frequent" level H = 3.5~
3.9 bits.

On the basis of the obtained graphs it can be concluded
that the emotiogeneity scale event of expelling from uni-
verslity roughly equals the injury of the level between the
"medium" and"heavy" points, or material loss at the level
between "larceny of all belongings'" and “fire with loss of
possessions". And all these dangers correspond to the un-
certainty of about H = 3 bitg at the "frequent" level, at
the "rare" level H equalsabout 4.5 bits, at the "very
frequent" level H = gbout 2 bits, and at the "exceptionally
frequent" level E = about 1.3 bits,

8. Cogpclugions
In sum, the investigations conducted enable us to reach

the conclusion that the mmmmmw

mww)

How can we evaluate the importance of our results? It
seems that in this way the possibilities and methods to es-
timate the hncertainty factor in the domain of human perfor-
mance featuring different tasks can be founded. And thess
estimations outspring not only from the expected probability
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of ‘their realization, but from the actualization of the
dangers, stemming from the mistakes admitted as well. Pre-
gent conclusions might have important theoretical and  ap-
plied meaning for various fields of psychology such as en-~
gineering psychology, work psychology, psychology of man-
agement , etc. On the other hand, these conclusiona could
be applicable in some cybernetical domains and, in particu-
lar, when constructing and designing robots. Above we have
mentioned that uncertainty of a task for a robot is speci-
fied solely by the probability of non solving while the to-
pic of emotiogeneity (and related problems ) is clearly odd
Just here. Yet this is substantial shortage of machines
which bave assimilated some human functions. Whereas the
machine -~ when solving different problems and tasks - does
not consider their meaningfulness and may resist solving

the vital as well as second sort of the tasks with the same
) probability, then, as a rule, the tasks of great responsibi-
1lity are not for it/him. In this respect the main advantage
of a man, as compared with machine, is his capacity to con-
sider not only the possibility of a mistake but also the
following dangers. Departing from this a man has capacity

to perform the most important and dangerous tasks with spe-
cial attention and diligence. As it was demonstrated above,
the factor of task dangerousness is the inevitable ingredient
of human conception of task uncertainty and complexity .Such
a resulting uncertainty can be expressed quantitatively .
Having this kind of estimate at hand,one can rise the . pro~
blem of gurpasg : g _dange : : g g ta

() i s _employer im

s0lved this task . In other words, the possibility of  ob-
taining the resulting index of the task uncertainty which
%akes into the consideration the cost of gossible mistukes, .
enablesus to forward the idea of developmends, of robots fumc-
tioning with the changing degree od precision and certainty.
And these output measures being automatically controlled inm

accordance with the given uncertainty.
: o
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B craThe SRCNEPMMEHTAAbHO IOKAsHBAaeTcH,uTo daxrop omac-
HOCTH MOBHEAET CYyGHERTMBHYD SATponXp 3azagn. Ha ocHome sRC-
NepUMEHTAAbHHX AABHHX ycraaannnnaeécn RO/MMYEeCTBEHHAA SaBR-
CHMOCTH ODHTPOMMA 3a7auk Kax GYHKUMM ABYX APIYMEHTOR - CYO5-
@RTHBHO! OUEHKM YDOBHA OMACHOCTH 3aXaUM ¥ BOSMOXKEDCTN pea-
A¥3aus¥ IToit omacHOCTN.lOXaSHBPAGTCH, YTO NMOXYUGHHAS SABNCE-
MOCTEH CHNDABEN/IMBA HE TOMBKO pAs $MSHyeckoft, HO N AAA coul-
aNlbHOY% ¥ MATEDHANBHOR ONMACHOCTH.
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TACHISTOSCOPIC SEARCH AND QUASISELECTIVE SACCADIC
ADAPTATION : SOME STEPS TOWARD A PSYCHOPHYSICAL
TEST OF SENSORIMOTOR INTERACTION

T. Bachmann

Abatract. A4 method for studying the relationships between
afferent and efferent subsystems of perceptual information
processing is described. It consists of permanent quasise-
lective (unidirectiocnal in polar coordinates) saccadic eye
movements executed by subject in total darkness -~ this all
preceding to the short exposure df'four test numbers among
which the subject had to search out the target item which
he -knew beforehand. This saccadic adaptation was thought to
"exhaust" the hypothetical neural units responsible(at some
stage) for controlling the direction of the functional fo-
cus of spatial information processing. In general it was
found that whlile the targets at the test-positions spatial-~
ly orthogonal to or concomitant with the direstion of
first "outwards" saccade (with regard to the central fixa-
tion) were detected with roughly same effectiveness, the de-
tection of the targets at the positions spatially oppoged
to the airection of the first saccade was less effective.
This result points to the possible interaction of the sen-
sory and efferent mechanisms in the course of selective in-
formation processing even without explicit scanning of vi-
sual target field. Some possibilities of explanation and
several methodological problems are discussed.

1. Ingroduction

One of the major problems in the field of information
processing research is the problem of selectivity: how and
at what conditions the important signals (stimuli) are se-
lected; what the characteristics and prerequisités of +this
selective process are. Frequently researchers have searched
for answers investigating the relationships between sensory
and motor subsystems active at data processing. Indeed, for
example eye movements are shown to be good indicators of
overt or covert behavioral and/or mental acts of selection
(cf. Yarbus, 1965; Zinchenko & Vergiles,1969,1972; Goldbersg,
Wurtz, 1972;Crovitz, Daves,1962; Hall,1974; et al.) . Yet

22



the problem of whether the spatially selective eye movements
are directly or indirectly connected with the seleotive per-
ceptual process in case of the retinal sensitivity variable
being controlled (image stabilization and  tachistoscopic
displays) is of interest to day. There are several imcompa-
tible hypotheses concerning the above problem.Nissen, Posner
and Snyder (1978) outlined the four possibilities of inter-
relationships between the internal processes of attention
and the saccadic eye movements: (a) complete interdependence
due to the common mechanism, (b) the gfferent theory of at-
tention, (¢) the functional relationship, and (d) complete
independence . The first possibility seems to be accepted
by Zinchenko and Vergiles (1969, 1972). Their basic experi-
mental method employed retinal stabilization of the test im-
ages which were the material to be scamned by observers who
were performing several specilal visual tasks (e.g.finding a
path through the maze or searching for familiar stimuli).The
main finding was that in this case of anatomical fovea being
"helpless” the subject (S) experienced that a sensitive fo-
cus moved over the visual pattern helping to golve the task
as if it were done by the actual succegsive focusing of

gaze on the ever new portions of the. visual fields The eru~
cial point here was that the movement of this "functional
fovea" was possible only if the directionally "adequate"
eye movements of lower amplitude were performed. Zinchenko
argued that by these "vicarious perceptive actions" Ss wers
able to selective}y change the sensitivity of certain criti-
cal retinal areas . »

The standpolnts which equate the attentional mechanism
with the efferept prograg for certain movements are expres-—
sed by Mohler, Wurtz (1976), Klein (1978; after Nissen et
al., 1978), Crovitz, Daves (1962). Here,in order to move the
attentional focus, no actual spatially analoguous eye move=-
ments are needed but the prograin or intention to move eyes
onto the certain spatial zone must ba activated.The third

idea of functional relationship between mechanismg of visuo-

*
In a recent personal communication prof. Zinchenko ac-
cepted the view that selective sensitivity modification
might have some more central (iconic?) site.
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spatial attentlon and eye movements relates them by some
thirda factor, e.g. by important signal which influences
independently the sye-~movement and attention systems. These
two systems resemble functional roles in organism's natural
orienting behavior but they may as well function indepedent-
1y (cf. Fissen, et al., 1978), or, as Gippenreiter (1978)
puts it, eye movements appear as possible indicators,not as
mechanisms of perceptual or attentive processes. The possi-
ble independence of eye fixations from the actual movement
of attentional focus is demonstrated in the experiments by
Chuprikova (1974) and Engel (1971) when in case of central
fixation Ss were effective at selectively directing their
attention to various peripheral zones which resulted in the
spatially selective enhancement of sensitivity to brightness
contrast or sensory features. '
Whatever the nature of relationships between attention
and eye movements, there is little doubt,however, that - at
least introspectively ~ some kind of selective attentional
tuning to the needed spatial regions real\ly exists even in
an inner plane without explicit scanning Lt»)y anatomical fovea.
But how can this phenomenon be justified ecologically? We
would outline the next assumptions concerning functional fo-
vea: (1) The system of functional fovea may facilitate the
actual eye movements towards an important object. Whereas of-
ten there are lots of stimuli then the selective “retouch"“of
one of them become an additicnal cug leading to the  actual
fixation of that object. Thus the "functional fovea" might
be congsidered as the orienting phase of focal attention si-
milar to the orienting reflex. The following events occur:
certain signal is made different from others; then the (sub-)
mechanism of orienting reflex is set on and as a comsequence
the different ("new") thing will be fixated. (2) In case of
the selective processing of an important stimulus being
started before its actual fixation the processing time is
saved and the capacity of work at subsequent analysis of ac-
tually fixated object is reduced. (3) By the mechanism of
functional fovea the wrong reactions could be forestalled .
During the "retouch" of péripheral ambiguous stimulus its
nonrelevance might be detected and the odd saccade can be
prevented. If it were dons,the contralateral side of visual
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field for example might have been left without any substan-
tial sensitivity to potentially important signals. (4) It is
possible that the perceptual system must perform several
tasks in parallel. In this case the actual eye fixation may
help to solve one task (e.g. granting the sufficiently sharp
sensory image for the control of highly automatized task re-
quiring no focal attention) while the peripheral processing
can be guaranteed by the functional fovea. (5) Whereas the
actual saccades are ballistic and the real scanpaths are
"nonstable" and “angular", the functional fovea might have
the role of compensating this as an "absorbing" or "amorti-
zating" mechanism which grants the stability and higher
smoothness of the dynamic image of environment. (6)The pur-
pose of functional fovea could be the running functional cor-
rection of fixation errors (as it were the principle of “ap-
parent motionlessness of fixation center"). Of course, the
functional fovea may also be a result of phylogenetic deve-
lopment of NS where the intracerebral associations are or-
ganized so that the temporally trailing event - the enhance-
ment of the processing exactness (leading to phenomenal
clearness) of certain signal due to the fixation on it - be-
came continuously extrapolated ahead the impulse which is re-
sponsible for fixation (so-called “vicarious anticipative
conditioning").

It is clear that the previous assumptions presume the pos-
sibility of perceptual (input) selectivity - one of the mas-
sively disputed competing theoretical alternatives. Resting
on the data about functional fovea (Zinchenko, Vergiles, 1969,
1972), about the principle of phasic (microgenetic) growth of
percept (Lomov, 1966,Vekker, 1974), and on our own data about
the differential enhancement of processing effectiveness of
wasked target and background items during tachistoscopic

search with display energy as converging factor we proposed
an explanation of how the perceptual selectivity or local

"retouch" might be obtained (Bachmann,1977a). The main prere-
quisite was that in the processing hierarchy the stimulus sig-
nals are passed onto the higher levels (including category
levels- connected for~example with name-given pretuning) be~
fore their processing at lower levels is compléted and icon
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formation finished *. This simultaneous processing at ex=~
traction and interpretation stages enables the selectively
pretuned standard (target-related information) to give fa-
cilitative feedback so that the features (including loca=
lization) which are connected with the target become pro-
cessed more effectively during the yet-lasting process of

icon formation. 4nd one of the mechanism-candidates for
such a feedback control which leads to the local iconic
"retouch" of terget and moving of functional fovea onto

that zone is thought to be the generator of internal eye
movement commands (cf. "address commands" as termed by
Gordeyeva et al., 1972). Naturally,one of the prerequi-
sites should be that the set of distinctive features of a
stimulus might be associated through an integrating factor
which makes a stimulus space-locked as a whole. But, ac-
tually, massive psychophysical data on perceptual channels
point to the decisive nature of spatial localization fac-
tor in testing the work of different detectors. The  fur-
ther work (Bachmann, 1978) also did not exclude the possi-
bility of interaction of feature-~specific channels and spa
tially selectively directed processing focus in the pro-
cess 0of selection. The experimental results were based on
the selective adaptation (see Blakemore, Campbell, 1969)of
Ss to the differently-oriented square~wave.gratings before
the critical test of searching the target ~ which  repre-
sented an "outcut" ring of a grating of certain orienta-~
tion - among the analoguous background items of different
orientation. &s a fact, orientation-specific adapta-
tion interacted with the type of stimulus to be processed
(target-nontarget) in a way pointing to the possibility of
enhancement .of sensitivity to the critical features by
pretuning. But there was no {irect converging on the ef-
ferent subsystems of processing. Our purpose is to de=-
seribe a further method directed at the problem of selec~
tivity and relying on the selective adaptation method. We

* Recently there were published several articles which
express analogous ideas on this poasibility of above
given temporal relationships between processing at diffe-
rent levels (¢f.Bachmann,1977b); McClelland,1979; Eriksen,
Schultz, 1979). :
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raigsed the question, whether it could be posaible to deve-
lop an “exhausting" of several selective units, which are
connected with the control of saccades of certain direction,
on fhe basis of selective adaptation to the unidirectional
eye movements with the sensory factors being controlled. If
indeed the “functional fgvea" and/or spatially selective
“retouch" during the search of critical stimulus are direc-
ted by certain efferent commands then we may expect  the
spatially-analoguous impairment of target detection after
selective saccadic adaptation.This was the purpose of our
experiment. Of course, methodologically there are some dif-
ficulties to obtain massively repeated unidirectional eye
movements and so we had to be satisfied by the quasiselec-
tive adaptation in polar coordinates. Our Ss made back-and-
forth saccades in total darkness on an imaginary polar vec=-
tor conneéting the central fixetion and a peripheral guid-
ing-mark of one of four possible directions. As it was, the
saccades became soon almost automatic and so we hoped more
or less to control the pure saccadic¢ system.

2. Experiment
2.1. Mgthod

Thirteen Ss (seven females and six males between 18-25)
having normal vision participated in the experiment. They
sat opposed to the display at the head distance of 35 cm.
Their head was fixed by the head-rest. The stimuli were
presented by the microprocessor-controlled display system
"Psylab" with the aid of two types of light emitter diodes:
the green seven-segment diodes (type A1~304) enabling the
exposition of numbers from O to 9, and the red point-source
diodes (type 4L-101-V). The 13 point-source diodes ( marked
as ¥, a,b,c,d,e,f,g,b,i,j,k,1) were placed so as to form
the eye-movement orienting structure and the four seven-
segment diodes (marked as I,II,III,IV) were used for the
presentation of test stimuli - the four different numbers
from the alphabet from 2 to 9 - at four possible positions
around the fixation F (see Figure 1).In the present experi-
ment the luminous points of orienting diodes had the diame-
ter subtending 0,1° of visual angle and the distance be~
tween neighbowing orienting points subtended 5° of visual
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Figure 1. The principal structure of the stimulus display.
: With the letters a,b,c,d,e,f,F,g,h,i,j,k and 1
the frame of potential orienting points is
marked, the F servipng also the function of fixa-
tion point. With I,II,III and IV the locations of
exposition of four test stimuli are msrkeg
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Figure 2. An example eye movement recording made during
_ the typical (here vertical) saccadic adaptation
*session.
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angle. The numbers subtended 0,3° vertically. The exposition-
regime of stimuli (sequence, randomization,intervals etc.)
was determined by the computer program* . The microprocessor
15-VSM-5 was employed.

The principal methodical idea of the present  experiment
required the selective saccadic adaptation with the sensory
variables (especially the directional and localization ones)
being controlled. This means that the saccades had to . De
made during total darkness and the each successive eye-move-
ment-~orienting pattern had to be retinotopically identical
to the previous one. This was obtained by the following pro-
cedure: After the S having fixated the central fixation F
(see Fig. 1) it was possible to switch on the orienting
structure of 4 points - c¢,f,g,j. It could be the signal of
the saccadic jump onto the ome of the points according to
the given directional instruction used within each of  the
experimental series.

Thus S had to move his eyes either up (c¢), or down (j),to
the right (g) or to the left (f). However, this first pattern
of orienting points was exposed transiently and so the sac=
cade, initiation of which requires some latency ( ordinally
not less than 100 ms) was performed in darkness. After fixa-
ting on the supposed location of one of the orienting~points,
say g, the new orienting structure (in the present example ~
d,F,h, k ) might bte exposed for a while and S makes a saccade
back to the ¥, direction of this saccade with regard to  the
fixation being 180° opposed to the first saccade. With per-
manent repetition of analoguous cycles we should hope to ob-
tain the gquasi-selective adaptation of saccadic regime.So we
could obtain the invariant retinal projection of luminous ori-
enting points with the reservation in mind that the fixation
errors are distributed (are clustering) equiprobably to  all
directions around the given orienting point thus balancing
each other and that these errors are not too substantial, In-
decd, in the relevant literature ome ¢an find that the Ss are
capable of rather precise saccades (e.g. 20" value of fixa-

L]
Thg author would express his sincerest thanks to dr.
Jaan !uik for e¢laborating the program and for the very help-
ful discussions of problems concerhed. .
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tion-error) in darkness relying on their stored memories far
localization (Goureviech, 1971; Leushina, 1978; Becker,Klein,
197%; Matin,1976; Skavenski, 1976; Lennie, Sidwell, 1978 ) .
In a pilot study we also recorded the precision of eye mo-
vements in our experimental conditions and obtained suffi-
ciently satisfying results (see Figure 2)*.

As it can be geen from the figure, the vertical saccades
(as were the horizontal ones) are not absolutely straight
but are somewhat curved. This is a common phenomenon describ-
ed in special literature (Bahill, Starx, 1975a). The exist-
ing data showed also, that there is the possibility of suf-
ficiently precise sustained majintenance of the taken fixa-~
‘tion in the total darkness (op.cit.) Our pilot data showed
also that after some 5-15 minutes of training Ss reached the
skill of correct performing our procedure without too  much
effort. The fixation errors did not exceed 1° of visual an-
gle but as a rule they were less than that.

After the last adaptation-saccade,when S fixates at the
néar F, the F is switched on followed by the simul taneous
exposition of four different test numbers at positions I,II,
III and IV. The exposition time was controlled by the elec~
tronic timer preset at certain temporal value before each of
the series and switched on by computer command. The exposure
times were chosen individually for each S relying on the pre-
liminary training series. The times falled in between 20 and
60 msec. The S had to detect the localization of the target
stimulus which he had memorized before the saccadic adapta~
tion begun. The target alternative was initially shown as a
number doubled in each of the four cells for test stimuli.

Ss' localization-responses were stored by the computer.
There were 50% test—expositions which contained no target in
order to maintain more strict criterion.

The luminances of the orienting points were 20nt and the
luminances of the test-numbers were 10nt.

] .

The eye movement recordings were done by the apparatus
developed by V.Laurutis and K. Krisciunas, which represents
an extended and improved variant of Robinson's (1963) method
(see Laurutis,et al., 1977). Author wishes to thank dr. Juri
4111k for the help with the use of the apparatus.
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Four seriss were used in the experiment, each specified
according to the saccadic adaptation direction employed
within it. The sequence of events in each trial was as fol-
lows. A target number appeared for 3 seconds doubled with7
in each of the four display cells for numbers and the S was
required to repeat it aloud and to remember it as the cri~-
tical target stimulus. Then the fixation (F) followed for 3
seconds and S was required to fixate on it. At the termina-
tion of F a primary orienting structure (o, £,g,j) was ex—
posed for 20 msec and the S had to make a saccade in order
to fixate (relying on-his position-memory) one of the peri-
pheral points according to the direction specified for each
of the series. After 600 msec a secondary oriénting struc-
ture (retinotopically equivalent to the primary structure )
was flashed for 20 msec and S made a saccade to the F (see
Pigure 1). Then after 500 msec a primary structure was ex-
posed again. By continuing this procedure repeatedly 30
back-and~forth saccade pairs were evoked. 400 msec after the
last exposition of the secondary ofienting structure (which
included F ) the F was switched on again. For 6 of the Ss
the exposition time for F was 800 ms (group A) and for the
7 of the Ss this time was 300 ms (group B). All Ss within
.each group reported after training series that there wag
enough time to fixate on F before the test numbers appeared.
Exactly on the termination of F four different test stimuli
were exposed for time interval with value from 20 to 60 msec
with unchanging individual value for each of the Ss. The
task of the S was to locate the critical target stimulus.The
responses were recorded by computer and the hit and false
alarm rates for each position were calculated. It was stres-
sed that Ss payed equal attention to all display positions
witout any positional preference in order to obtain "the
maximum score".

"In each of the four series each S was given 240 trials
including 120 trials without target exposition. Among the
target-present trials the target was distributed equipro=-
bably at wery location giving thus 30 occurrences of target
at each location in random sequence. The order of series was
balanced between Ss.
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2.3. Ragulta

The results were analysed as measures of d' for each type
of localization with regard to the direction of adaptation-
saccades. Thus three types of location were outlined: "Spe-
cific to adaptation,type I" (SI), "specific to adaptation ,
type II" (SII), and "nonspecific to adaptation" (NS).The SI
represented the location in the direction of the first out-
ward saccade from P, The SII represented the location in
the opposite to SI or, in other words, in the direction of
backwards saccade. The NS represented location orthogonal to
the saccadic direction. The results are given in Table 1.

Table 1 . Values of 4' for each type of target locus
averaged for subjects from group 4 and
group B
Type of target Values of d'
locus with re-
spect to the %roup A oup B Total
adaptation longer short group
saccades interval interval)
st C 1,09 1031 : 1.2
SII 1.06 1,09 1.06
NS ) 1.13 1.27 1.2

Unfortunately, the variant of the sign test of testing the
difference in 4' for NS and SII did not give unambiguous re-
sults and there were two Sa who showed higher 4' for SII than
NS. But the sign,test showed that the SI gave significantly
(p < 0.05) better results as compared to SII. In fact, we are
able to speak only of tendencies of d'. 43 it can be seen
from the table, generally the targets were detected worst at
the SII location while the SI and FS yielded roughly equal
performance. It is also apparent that with the inrease in
the time interval between the last adapting saccade and the
exposition of test numbers the SI and NS positions '“change.
their roles" - the d' for NS drops less than ﬁhg a' for SI .

The reason for SI being "better" position than NS at short
interval might be the systematic residual fixation error in
the SI direction at that interval. Indeed, as our eye move-
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ment recordings showed, the correct fixation at F was
reached gradually by the very small corrective saccades or
drift after the main high-amplitude saccade (see Figure 3).

L | | f ? ] }

I saccapes ror | Fixarion vEST | posT- |
ADAPTATION EXPOSED EXPOSED EXPOSITION

/sec. SACCADES

Figupe 3. The principal succession of eye-movement per-
formance with regard to the spatiotemporal va-
riables of the method employed. C - central
fixation; P - peripheral fixation.

The differences between SI and NS at both intervals are not
80 substantial howeveri moreover, whereas we speak of diffe-
rent groups of Ss then the discussion of the present pro-
blem should not be guaranteed totally by . facts.Running all
Ss through bothh temporal intervals betwsen last saccade and
test exposition was difficult because of some kind of iunsta-
bility of the subjective experiences and tactics ("automa~-
tic" and "volitional™) associated with the procedure of
adaptation itself. Whereas there could not be too many tri-
als a day (long adaptation before each trial and pronensss
to fatigue under this procedure ), we decided to use the in-
dependent groups method which seemed applicable for taking
the preliminary steps towards revealing the most-convinient
conditions of the new technique. So, what follows, is mainly
the discuqsion of the methodolegical problems and of the
possible conclusions from the average d' measures for all Ss.



3. Digcussion

It is generally accepted now that in information proces-
sing there are two main phylogeneticall& developed subsys-
tems =~ the spatial orienting system and the fine pattern
discriminating system (cf.Ingle,1967; Schneider,1967; Held,
1968; Trevarthen, 1968; van Galen,1974).This idea of "two
visual systems" or ambient and focal processing has strong
functional parallels in the recent dichotomy of transient
and sustained channels (cf. Breitmeyer, Ganz, 1976). It is
clear, that to find an answer to the questions about selec-
tivity we must investigate just the interplay of these ¥wo
systems - the one, which gives the field of choice, and the
other, which focuses on a chosen stimulus. There have been
consider 'ble progress in doing this by neurophysiological
and neuropsychological methods (e.g. the works of Gold-
berg,Wurtz, 1972; Mohler,Wurtz, 19Y6; Singer, 1977; Mount-
castle, 1978). In the mentioned works by R.Wurtz and his
colleagues, the microelectrode techniques were used to in-
vestigate the primate superior colliculus neurones at se-~
lective functions, and rather clearcut and precise descrip-
tions of orocessing mechanisms were obtained. Due to the
congiderable analogy of the monkey and human brain we cer-
tainly are able to reach at rather broad conclusions about
the similar functions in humans. Nevertheless, there should
additionally be some means of direct control with humansg
on the one hand, and on the other hand - we can never be to-
tally sure that monkeys are doing Jjust that what men are
when we speak of ggtention . But whereas the possibilities
of direct electrophysiological studies of pormal humans are
hardly possible, we should use some indirect psychophysical
methods to reach hypotheses about inner processes by Tun-
ning Ss through behavioral tasks including selection.

While the inner plane of sensory functions has been well
studied psychophysically (e.g. the vast amount of  various
selective adaptations to sensory conditions), the Jpger
plane of motor functions have received somewhat less atten-
tion in the psychological works.

It is clear,that one of the general functions of two
above-mentioned éystems is to set up a goal-directed con—
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trol system featuring an outer feedback loop . The main
source of mismatch signals is the sensory pole of any sSub-
system; the corrections being done by efferent pole ( e.g.
eye movements). 4nd just tRig  variant of feedback is
mainly investigated - a signal from sensory source directed
at efferent links. But asnother variant leading to another
problem exists — is there any inverse possibility?Are there
any selective controls from efferent side to the sensory
functions in an inner plapne? Is the selective spatial atten~
tion serviced only by the effective outer adjustments of
sense organs or are there any vicarious movements of sensi-
tivity? We supposed this possibilitj‘exists (¢f. also Pos-
ner, 1978; Kahnemann, 1973) and tried to investigate it by
the seleetive saccadic adaptation in specigl conditions di-
rected at not confounding sensory and motor factors.

In the literature some facts about consequences of effe-
rent adaptation are described. Bahill and Stark (1975)show-
ed considerable changes in neuronal firing patterns paral-
leling saocadic eye movements as the S fatigues. (The overt
form of eye movements changed as well), Whereas our own de-
sign used not tbo large saccades (5°) and whereas the clear
signs of fatigue for 10° saccades appeared after more than
30 cycles in Bahill and Stark study,the numerosity value of
30 adapting saccades in our experiment satisfies the requi-
rement to reach at some bordsr condition giving some fa-
tigue but not considerably changing the overt saccadic re-
gime. This was needed for reserving a S with enough time to
reach the correct fixation and not to change the type of
adapting movements.In the investigation by Rosenbaum and
Radford (1979) a method of selective adaptation of "“com-
mand neurons” in the human motor system is described. A cri-
tical point was that adaptation effects were revealed by
active rather than passive movements.In our design the mo-
vements were deliberate and represented a response to cer—
tain special cue.

What were the principally possible outcomes of our adap~-
tation procedure? Or to put it more frankly - what are we
adapting by repeated quasiselective saccades without vary-
ing the sensory conditions? There are several functional
possibilities of outcomes. 1. The fatigue of the vicarious
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system for selectlve spatial attention with regard to the
initial (and final) point of fixation in the general context
of the direction of sensorimotor activity. This was the
aspect for which the requirement of truly selective adap-
tation was satisfied. Actually this variant was ruled out
by the fact that just the SI positions which were connected
with the saccadic targets, gave high target detection rates.
2. The tuning of this vicarious system and enhancement of
its sensitivity. This possibility was ruled out by the fact
that SI and NS gave practically equal target detection ef-
fectiveness., 3. The fatigue of subsystems which direct spa-
tial attention with the aid of single saccadic commands. The
case &f this fatigue being accumulated independently for
both saccadic directions is not real, because in this case
we should have the results at SI as well as at SII being
both worse- than at NS, But if we suppose the system of spa-
_ tially opponently connected (180° opposed in the retinotopi=-
~ cal sense of mirror symmetry) efferent units then we should
expect the process of alternate exhausting end releasing of
the given unit with final state generaslly at the initial
“zero" level. In case of thls being possible we might also
suppose that the units for pogition directionally <relevant
to the last saccade (in our case the SII) remain exhausted
cf. not yet released at the moment of test numbers  expo-
sition, this being in contrast with the state for SI  which
has been released due to the last saccade to SII. So we could
obtain our actual results., Another implication of this prin-
ciple is that it is not poussible 0 obtaln gyer in¢reaging
spatially selective sensory impairmehtlbecause of this
“seesaw" principle. Qur pilot observations with different
adaptation cycles gave some support to this idea. Thus it is
not impossible that we are just speaking of spatially selec-
tive saccadic suppression if only the direction of the las?t
saccade turns cut to be a critical factor and not the fact
of sustained adaptation. Zome support for the ahove ideas
comes also from the invcscigaiio& Ly Linger et al. (1397)who
showed that saccade to some target is capable of resetiing
the adaptation of the mirror symmetric area o that Garyet
zone.



Of course, there are several possibilities of combina-
tion of the above functional mechanisms.The most plausible
variant is the conjoint effect of tuning and selective fa-
tigue. For example,the possible SI position'ﬂ\still—accumu~
lating fatiguing adaptation might be compensated for by the
tuning effect. Hence the rough equality of NS and SI.

It is clear, however,that it is necessary to develop some
additional more precise experimental controls and converging
operations in order to converge on a strictly specified .
gtructural units of the whole sensory-motor processing sys-—
tem. One important task should be to differentiate (and to
experimentally control) between the following stages of sac-
cadic programming (cf.Huik,1978): 1.The pattern processing
during which the number and/or localization of possible tar—
gets is determined without too detailed processing (cf. also
Levy~Schoen, Blanc-Garin,1974). 2. The intentional or spon-
taneous choice of fixation. 3. The programming of saccade
paragmeters. 4. The esimation of the jphibition parameter for
the saccade. It is clear,that each of these stages has some
structural system of its own, and they are working highly
automatically, as it is argued by J.F.Huik (1978). Bearing
this in mind we should suppose that in our conditions there
could be little effect on the intentional mechanism of  the
second stage because soon there become not that what to
choose - with unchanging fixations saccades became quasi~
automatic. 41lso we are not too selectlve as to the first
stage. The most probable sites of possible adaptation could
be the unintentional mechanisms of stage 2, and the stage 3.
Indeed,our Ss gave here some objective and introspective
evidonce of variability and hence the need for permanent con-
trol of saccade varameters in the total darkness conditions.
(tiuybe in order to obtain adaptation at stage 2, which we
consider as the important unit for our present selectivity-
problem, it would be desirvable to introduce a variability in-
to the factor of locations of the orienting points which |
then might form the gzopeg of adapting guiding-marks  with-
in some general direction; both, the directional and ampli-
tude gradientu could be used).

The rather plausible neurophysioclogical site for stage 2
might Le the superior colliculus (cf. Goldberg,Wurtz, 1972;

! ’
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Wurtz, Mohler, 1976; Singer et al., 1977). In particular,
the data demonstrated that the collicular responses to the
stimulus which was the target for a deliberate saccade were
coﬂsiderably enhanced already before the actual saccade was
executed. In other words, the probability and extent of
transmisgsion of information from the neurones with receptive
fields containing saccade~targets (which were not always
actually fixated - cf. Goldberg, Wurtz, 1972) is enhanced .
Singer et al. (1977) gave rather convincing discussion that
humans might have an analogous +tectal system which could be
the basis for spatial gelective . attention. However, as
Wurtz and Goldberg (1972) demonstrated on the basis of le-
gion experiments, this system seems not to be too precise in
target location. It can rather be considered as the system
for general attention shifts.So it is not clear whether this
system could be used for exact choice of the point of fixa-
tion and s0 our stage 2 has probably some additional neuro-
physiolbgical structural equivalents.The functional role of
superior colliculus as mediator of orienting just at far pe-
Tiphery, which is demonstrated by Butter et al. (1978) ,
neither allow us to take it as the sole substrate of fine
attentional tuning.

In addition we accept the idea that the mechanism of spa-
tially directed attention has its important physiological
counterpart in' the parietal cortex (cf. Mountcastle, 1978 ;
Yin, 1978; Yin,Mountcastle, 1978; Lynch,Mountcastle,Talbot,
Yin, 1977; Batuyev, Tairov, 1978).Already in the 1876 D.Fer-
rier described the cases of parietal electrostimulation
leading to the eye movements.It is widely known that the pa-
rietal lesions destroy the visual orienting,the goal-direct-
ed motor acts.Bspecially relevant for our discussion in +the
light of two main visual systems is the fact that parietal
lobe receives afferents from tectal as well as from the geni-
culo-gtriate pathways having detailed retinotopic organiza-
tion. The precise analysis of parietal units revealed many
special typeé of cells located in this functional zone.These
cells may be specific to: vilsual attention to food, appear-
ence of new objects, the slow eye pursuit (tracking neurons),
visual fixation at motivated objects, visually evoked sacca-
des which discharged approximately 70 ms before an actual
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eyo movement ( Batuyev, Tairov, 1978; Lynch et al. ,
1977).

‘The important point here aga.:l.n is that in general the
units are not related to the nptor.reaction per se but only
to those activities cennscted with motivation or atten—
tion; they show visually evoked discharges. It is also in-
teresting that both attention ghlftine and .Ralntainine
functions are representod by the parietal units. According

to Yin and Mountcastle (1979) the cortical area 7 should be
taken as a major point of sensorimotor integration control-
led by motivational factors. Moreover,it is thought to be
an integrafor of monomodal sensory inputs from body and en-
vironment into the heteromodal unitary multidimensional im-
age (Batuyev, Tairov, 1978). Of importance to our discus-
sion is the fact that parietal areas have close functional
relationships with inferotemporal zones (Batuyev, Tairov ,
14978) and so the connectedness with the memory functions
for patterns analysed in addition to the connectedness
‘with the limbic motivational structure enables us to  speak
of the relatively autonomous system for data analysis fea-
turing recognition-, evaluation~, and selective functions .

In the light of our previously discussed model ( Bach-
mann, 1977 a,b), the preliminary tentative recognition of
stimuli which is performed before the processing at lower
levels is finished,saves enough time for using the efferent
subsystems in order to amplify selectively the still 1last-
ing lower-levels ﬁrocessins at the target locus. The dis-
charges which were' observed substantially before the mo-
ment when the actual saccades were realized might reflett
the work of mechanism which could be the source of vica-
rious selective “"retouch". In general,the " coarce spatial
frame" of actual stimulation might be given by the tectal-
perietal visual system (1),the parallel continucusly last—
ing builé-up of fine representation is probably performed
by the geniculo-striate-inferotemporal system (2),the eva-
luation and comparisons might be done by parietal-limbic(3)
and/or parietal-inferotemporal (4) mechanisms, and the se-
lective emphasis at target processing is executed by 'top-
down control from parietal and tectal quasiefferent signals
when the most-convinient real candidate-location for target
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is revealed by syatems (1-4). The adaptive advahtages of
this vicarious principle of functional fovea are listed in

the introduction above previously.’

In any case our data as teken. together, demonstrates ei-
ther the perceptual (d'-measures!) selectivity in general at
' certain oritical spatial zone relative to the central fixa-

tion and/or the existence of localization-tuning mechanisms
with retinotopically mirror-symmetric opponent units capable
of fatigus and resetting after single saccadic acts. It is
important to mention that there was not any preliminary ex—
plicit spatial tuning of Sg. The instruction emphasised
- that attention had to be_distributed equally over all stimu-

lus positions. The spatially anisotropic effects were due -

to some implicit influnncesjof set on local sensory proces-—
sing (this set being transferred from the dominant efferent
activity), or due to the selective exhausting of efferent
control units as discussed above. It follows that the pre~
sent method as used does not allow to conclusively settle
the basic problem -~ the problem of relative independence cof
spatial attention and efference — because it leaves open the
nature of exact mechanisms of the obtained functional rela-
tionships between gengory and efferent subsystems. Indeed ,
our data seem to support the idea of functional lirting
(cf. - Nissen, et al., 1978) of these systems but without
unequivocal reference to some single stage or mechanism. The
existing data on the possibilities of indqpendent control
executed over eye movements and spatial attention or percep~
tual functions (Nissen et al., 1978; Hallett,1978) do not
allow to converge conclusively either. Most plausible expia~
nations should probably stem from the postulation of soue
mechanism integrating sensory and efferent signal. by, “ae
means of some abstract retinotopically organized "surasca™ ov
"chart of foci" with motivation-cunnected sensory data deiry
decisive in the whole sensorimotor activity; this all %oth
in its outer.-contoar acpest and inner‘plane. The data by
Andreyeva, Vergiles and Lomov (1975) include elegant deon~
stration where the Sa, when searching the visual field fox
perceptual objects through a narrow spvatial window mounted
on the moving sye by tbe Yarbug techmnique,hzd substantial
difficulties in the deliberats carryimg ovar the gaze aiter



its "sticking" on an object which had been occasionally fal-
len into the region projecting through widow. I.e. if there
are no other potential targets in the visual field (“empty
field") the activities of saccadic commands at some level
are inhibited. (In Andreyeva et al. study the minimum fixa-
tions in the above conditions lasted approximately 800-1000
msec and some of the Ss even refused to continue the search).
This means that the mechanism of deliberate eye movements
ghould be closely connected with the sensory analysis in
that the activities of both subsystems must converge on com~
mon spatially defined stimuli in order %o be optimized.Othew
wise there are strong inhibition (cf. Andreyeva et al.,1975)
or anomalies (cf. Hallett,1978) of the (saccadic) eye move-
ment patterns.

Interesting research relevant to our problem have been
conductei also by Barabanshchikov and Belopolsky from Soviet
Academy of Sciences Institute of Psychology. They have deve-
loped a method of changing the nature of visual feedback du-
ring eye movements ~ again by the use of the modified Yarbus
technique. There was an optical system (lenses or prism)with-
in the suction cup enabling the permanent inversion of the
sign of feedback or permanent variation of the magnitude of
visual feedback. On a more general scale Vergiles, Baraban-
shehikov and Belopolsky (1976) have shown that the size of
the functional visual field (deduced from the presence and
size of the corrective saccades) is substantially détermined
by the task of an observer. Of particular interest are the
dases of inverse visual feedback (see Barabanshchikov, 1979).
One of the basic features of this technique is that Ss are
practically unable to Zotally ignore. the visual “unexpected"
events  paralleling eye movements - the moving of visual
f£ield 180° opposite to the normal direction. Most of the
time the eye shows nystagmic reactions or sinusoidal oscil-
lations.This’again points to the crucial role of sensory sti-
muli in controlling the efferent .activity which‘hardly exe-
cutes totally autonomous work. In a more recent article (Ba-
rabanshchikov, Zubko, 1980) the ambivalent visual  feedback
was given to Ss who could either attend to the outer visual
field through a prism-cup system giving negative feedback,or
to the objects mounted on ?he cup (with zero feedback). De-

41



pending on the gitention focuging (not perception in  con-
ventional sense) the eye-movement patterns changed drasti-
cally - nystagn manifestation observed with the "outer" at-
tention and oscillations with attention to stimulus with ze-
ro feedback. This again means that depending on the task the
visual system can use different semsory data to change the
oculomotor patterns or, in other words,"...the relationships
between attention and efferent tuning of eye movement system
are of complex and ambiguous nature" ( Barabanshchikov,Zubko,
1980, p. 223).But, nevertheless, the gain in the.relative de-
gree of freedom obtained in this procedure relyed on the ad-_
ditional variant of gensorimotor feedback granted by this
condition.

The facts exist that the pure sensory signals eliciting
spontaneous saccades neither are the sufficient elements to
describe the basic mechanism of attentional control; the mo-
tivated or volitional state should accompany the saccades in
order to obtain the newrophysiological indices of related-
ness with (pre-) attentional system (Wountcastle et al.,op.
cit.). And on the other hand,the efferent processes alone do
not cccount for the data. In particular, Singer et al. (1977)
have shown that the saccades which have desadapting effects
on the mirror symmetrjc visual spatial zone and which are
considered to be related to attention have their effects
only if being directed to some Sensory  stimuli. In the
parietal cortex the units connected with saccadic control ma—
nifest their activity mainly when the saccades are visually
elicited (Batuyev, Tairov, 1978). .

Thus we are faced with the system which is testable in
functional terms rather than with reference to a fixed sin-
gle structural unit. And hence the methodological problems
which seem to reduce the value of our method. The main short-
comings we can outline are the following. The brocedure of
saccadic adaptation in our present variant certainly leaves
open too many alternative possibilities of functional inter-
pretations.ind several of them may have influences of op-
posite directions, as for example the possible selective fa-
tigue of efferent units, development of conscious or uncon-
scious spatial set, the possible saccadic- suppression ef-
fects etc. Moreover,there are too many uncontrolled possi-
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bilities of actualization of experimental situation and per-
formance structure on the S side, e.g. unrevealed hypotheses
about the influence of actualized saccade direction on the
perceptual performance.ln addition to other problems, this
may lead to the uncontrolled differences between Ss. Se the
me thod should be modified so as to obtain the more strict
control on the actualization of saccadic regime.

Another problem is that,in the light of the fact that
just the volitional eye movements are important (cf.Lynch et
al., 1977; Singer et al., 1977; Goldberg,Wurtz,1972), we have
no guaranty for stable Ss' motivation level through the ex-
periment. It gould be that soon the saccades become automa-
tic and we do not know to what level our supposed adapta-
tion can be applied. There can be some buffer channel for
"direct access" bypassing any attentional mechanism.The de-—
gree of automatization is not precisaly controlled.

A weakness of the method is that the exposition of  test
stimuli is independent of the actual eye fixation. (This is
not too uncomplicated a problem since the adaptation prowe-
dure should keep stable the intervals between the completion
of adaptation and test exposition,but the reaching et pre-
cise central fixation should not be temporally stable).So
the objection concerning our results might be that they are
the consequences of "residual" biased fixation error to-
wards the direction of first outwards saccade.But this argu-
ment could be weakened by the fact that several Ss who de-
nonstrated subgtantial advantage of SI position over SII
(what itself is in accord with the fixation error explana-
tion) had NS-position effectiveness equal to or greater than
sI-gffectiveness.

Cne of the most serious problems is that we had polar adap-
tation on both opposite directions,i.e. the adaptation was
‘selective in only ope aspect.There were not upidirectional
adaptation succades. &And if our idea of spatially opponent
relationships ("the seesaw principle") between the wnits di~
recting "functional fovea" is correct then we had not obtain-
ed any substantial adaptation in that functional locus.

In order to more precisely control the most of the 1listed
ambiguous factors we would propose the possibility to use the
phenomenon of fixational optokinetic nystasmus,i.e.the sacca-
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dic adaptation phase should be based on the involuntary upi-
directional saccades traditionally observed when S is re-
fixating a fixation point on the background of unidirectio-
rally moving display(e.g.texture).In addition to the unidi-
rectionality we can control the actualization diversity and
volitional status.The saccadic regime becomes truly automa-~
tic,'and actualization points to the conscious need for
sentral fixation. An interesting possibility connected with
the additional type of eye movement - the drift- will be ad-
ded too. Now the spatial opposites will be just the diffe-
rent types of eye movement. Besides, the drift itself has
appeal enough as a possible equivalent for overt attentional
indice.(cf. Jung, 1978; Gippenreiter,1978). 5o we shall have
just a means of converging operations in order to reveal the
respective roles of two important eye-movement candidates
for overt correlates of spatial selective attention given
that the adaptation process can be effective.And,hopefully ,
we shall also recieve additional information in order  to
specify the meaning of the results of our present study.

The first stages of information processing undoubtedly
include the processes by which the frame of localizations of
stimuli is specified withdut detailed analysis of single
itens (Snyder,1972; Hepler,1977).0n the-other hand,no doubt
that the important signals are selected afterwards with un-~
important ones left without responses. Some introspective
(cf.Zinchenko,Vergiles,1969,1972;Bachmann,1978) data convin-
singly points to the spatially sclective amplification of
perceptual image on the target locus.4nd as we saw, most of
the researchers admit the possibility that some spatially
isomorphic efferent systems are connected with this process
of selective retouch., But what are the precise mechanisms
and deterministic relationships . of this connection remains
still an open question motivating the new research to be
done. Our hope is that the methods following the line as
dectibed in our present work could help to advance our know-
ledge of the discussed problem.
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TAXHCTOCKOMWYECKRH MOMCK M EBASHCEIEKTVBH AR
CAKKAIMMECKAA ABANTAUWA :K [OCTPOEHMD [CHXO-
QHSMYECKOI'0 TECTA CEHCOMOTOPHOT'O BSAMMOZEACTB#A

T. Baxman
Pespbue

B npenzaraemMoél ¢TaThe ONMMCHBAGTCA METOX HCCAGZOBAHNS
BsanmozeicTeas afPepenTnux % =2fPepeHTHHX NOACHCTEM mepepa-
GOTKYM NMepuentTHBHOE RHPOpMANHA ., HNAEHH# METOZ COCTONT K3 NO-
CTOSHHO MOBTODAEMHX KBASHIENSKTUEREWX (OIHOHANDABAEHHWX B
NOAAPHHX ROOPZRHATAX) CAKKAZMYECKHX ABHXEHNMil P33, BHNOA-
AAEMHX WCIHTYeMHM B aGCOADTHOR TeMHOTE — BCE 9T0 NDOIMmECT-
BYET KpPaTKOBPEMEHHO{ SKCMNO3SKUKY yeTwpex TecTomBux uwdp, cpe-
1% KOTODHX HCHOHTYEMOMY HEOCXOZIMMO HAaiTH Heneryp umbpy, M3-
BECTHYD eMy SapaHee. llpeanozaranoch,uro Taxas caxKamEye-
CHag aJANTAnEA "yTOMARET" TUNOTETHYECKNE HeRpalbHHE eJMEH-
UH, OTBETCTBEHHWE 3a KOHTDOAP HanpaBieHHsa PYHKUKXOHAMBHOTO
doxryca npocTpaHCTBEHHO! nepepacoTHH MAGOPMALEH, B OCHOB-
HOM OHJIO HA#ZEHO , 9TO B TO BpeMS, KODI'ZA eJNEBHEe CTHMYIH C
TeCTI03ULH{, TPOCTPAHCTBEHHO OPTOrOHAABHHX K HANpasleHN®
nepBO#t CAKKajH H/AM X& COBHAJADIUHX C ITHM HanpaBAEHHEM,OL i
OCHAPYyXeHH NPUGAUSHTEABHO C OZHHAKOBOX SPPERTHBHOCTHD, 06-
HaDYREHHE LEJeBHX CTHMYJIOBR HA MO3HUHEAX, NDOTHBONOAORHHX K
HanpaBIeHWD NEPBOfl cakkazy, OWAO MEeHee yCHemHHM. YHaSaHHH#
PESYILTAT JIOTYCKAET BOIMOXHOE B3AHMOJZEHCTEAG CEHCODHHX H
oppepeHTHNX MEXAHESMOB B NpOUECCE CENOKTHBHOX  NepepaGoTKE
WEDOPMAIME Tame 6e3 yYacTHs SKCIIIMLKTHOTO CHRaHEDOBAHNA SpH-
TEAbHO'0 CTHMYABHOTO NMOAs. B crTaThe NpEBEZEHO HECKOABKO
BO3SMOEHHX OOBACHEHW/ MOAyueHHHX $AKTOB M OGCYxJEHH HEHOTO-
PHE MOTOZOJOI'RYECKNS NpPOGHSMH.
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THEORETIC SYLLOGISTIC REASONING - REGRESSING WHEN NOT USED?

Tiia Tamm Peeter Tulviste *

Abgtract.Results of a study of verbal syllogistlc reasoning
in school-educated 8Subjects with traditional cultural

_ background who returned to their traditional economic acti-
vities after schooling are presented. The hypothesis about
the regression of theoretic syllogistic reasoning, acquired
at school, but not used after school, is confirmed by the
results. The conclusions are in favor of the idea, expres-
ged in an earlier paper, that theoretic syllogistic reason-
ing represents a specific mode of thinking functionally re~
lated to solving scientific (school) taska, rather than -a
general higher stage in the development of thinking. i

1. Introduction and problep
In cross-cultural studies of verbal syllogistic reason-

ing,schooling has been found to be the decisive factor de-
terminating the way subjects try to solve syllogistic tasks
the answers they give, as well as the type of their expla-
nations for the answers (ILuria, 1976, pp. 100-116; Cole et
al., 1971,pp. 184=195; Cole, Scribner,1974,pp.160-168;
Scribner,1975; Scribner,1976). In a previous paper, one of
us has argued that the switchover occurring at school con-
sists in emergence of a qualitatively new mode of syllogis-

-

The data reported in the present paper were obtained
during an expedition organized by Tartu University Psycho-
logy Department to Kirghizia (Central Asia) in July, 1977.
The support and encouragement, as well as organizational
help to carry out the expedition givento us by various col-~
leagues in Kirghizia was essential to make the endeavour a
guccess. Prof. M. M, Mirrahimov, the Head of the Institute
of Cardiology,Frunze, Kirghigian SR, Dr. V.V, Solozenkin
from the Kirghizian Medical Institute Psychiatry Department,
Mrg.S. Umuralieva of Kirghizian State University,Dr.E.Shu-
kurov from the Insitute of Philosophy of Academy of Sci-
ences (Kirghizian SSR) were especially helpful, and the
authors wish to express their sincerest gratitude to them.
The participation of our colleagues Tiia laax, Lembit Allik
and gome others , as well as our interpreters Mrs. Dzyldyz
Mambetallieva and Mr, Amantur Torogeldiyev, in the process
of data collection 1s also gratefully acknowledged.
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tic reasoning termed theoretic syllogistic reasoning (Tulvis-
te, 1978). In this mode of sylloglstic reasoning, the sub~
ject turns his attention to the logical validity of the con-
clusion rather to its factual correctmess or to its agree-
ment with his knowledge and bellefs, and respectively proves
the conclusion against the premises given in the task, not
against his knowledge and beliefs concerning the reality pre-
sent in the task. This mode of thinking permits one to
solve correctly syllogistic tasks of any content, unfamiliar
as well as familiar, and to present explanations that in-
clude only the data presented in the premises. This kind of
reasoning has been argued to be a rather specific one, func-
tionally related to solving scientific (school) problems ,
where it is unreasonable and often impossible to prove the
answers on the basis of common knéwledse about surround-
ing reality or beliefs, and to prove the conclusion via
the rules of reasoning is often the only possible way to
prove it. In subjects without schooling, only empiric syllo-
gistic reasoning is found that permits the subjeot to prove
his conclusions against his knowledge about outer reality
and his general beliefs. This kind of syllogistic reasoning
seems to be not only sufficient but also purposeful in every-
day life where it seems to be more important to count for
7possibla exceptions than to operate with explicit general pre-
mises as in deductive scientific thinking.It has been also
argued (Tulviste,1978) that theoretic syllogistic reasoning
emerging at school does not substitute for empiric syliogis-
tic reasoning, although it dominates in subjects with school-
ing and is used by them in the experimental situation %o solve
syllogistic tasks of everyday as well as scientific content .

It sometimes happens that after schooling,subjects with
a traditional cultural background return to their traditional
economic and cultural activities that do not seem to need
"thinking in scientific concepts" (Vygotsky), including theo-
retic syllogistic reasoning. (Indeed, many widespread kinds
of economic and cultural activities were and still are pos-
sible without any schooling, without acquirihg and using scien-
tific knowledge). The question of the fate of theoretic syllo-
gistic reasoning in those subjects 4is tackled in the present
paper.
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If theoretic syllogistic reasoning presents a general
higher stage in the development of thinking that permits to
solve all kinds of problems in a better way we should ex-
pe¢t 1t to be maintained and perhaps even developed further
in the subjects who once acquired it at school, On the cont-
rary, 1f it is a specific mode of thinking,functionally re-
lated to solving just scientific or school problems (more
generally, for acquiring, using and producing scientific
knowledg@, it should regress in the subjects who do not
solve this kind of problems and do not use this kind of know-
ledge, but rather use common sense and empiric reasoning in
their everyday life. '

There seem to be no ready data available about verbal syl-
logistic reasoning in subjects with a traditional cultural
background who returned to their tradltional way eof life and
their traditional activitles after school. In the pioneer
study by Luria (1976,pp.100-116), conducted in Soviet Cent-
ral Asla in the early 1930s, the subjects of the "advanced"
group who solved simple syllogistlc tasks on a practically
100%-level, not only had received short-term (ome to +two
years) schooling, but were also collective-farm acti-~
vists. So the subjects' everyday activities also had changed
from traditional to meodern, in some sense. In the recent stu-
dles reviewed by Scribner (1976), the economic activities in
whish the subjects from the schooled groups were engaged
were not indicated. (Seribner notes that schooling is  the
only characteristic of populations that was systematically
investigated across cultures.) Most of the schooled gubjects
in those studies were young people, many of them still at~
tending to0 school. Summing up the experimental results of
the schooled groups, Scribner (1976) notes that withschooling,
little between-culture variation in performance for the cul-
tures studied is present. Grade, rather than socibty, is most
determinative of performance. Does this also hold for  sub-
jects who bhave attended to school once, but have returned to
their traditional activities later?

2. Subjects

68 adults (age 25 to 87 years, most of them between 30 and
50) engaged in traditional economic activities (farming. and
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sheep breeding) were investigated in the remote regions in
Eastern Kirghizia (Kazarman and Dyurbeldzin regions) in
July, 1977. 13 Ss had received no schooling,55 had attended
t0 school for 2 to 10 years ( see Table 1).

3.Mothod

The subjects were told the following three syllogistic
task "stories" (of the first figure)by the experimenter .

1.Asan and Kenesh always drink tea together. Asan is
drinking tea now. Is Eenesh drinking tea now or not?

2.Anara invites Damira to her place every Thursday. To-
morrow is Thursday. Will Anara invite Damira to her place
tomorrow or not? ’

3. In a certaln village, everybody has got a dog in his
house. My friend lives in that village. Has my friend got a
dog in his house or not?

After each amswer, the subject was asked:"Why do you
think so?"When no reason was given by the subject, the task
was TrTepeated once more , and after answering, the subject
was asked for an explanation again.

4.Regults

The results are presented in Table 1.

4. "No answer" marks the cases in which the subject state~
ed that no answer could be given for some reason (e.g.," I
don't know those people", or "I never saw them with my eyes")
and the cases in which the subject said that both answers ,
"yes" as well as "no", would be correct. In both kind of ca-
ses, a purely empiric approach to the task was observed,e.g.:
"I don't know. May-be she fell ill, or removed to some place.
It I stood nearby, I would know" (task 1 ), ors "If I  aver
had been to her place, I could say it, but it is so difficult
to say about things I never saw" (task 3).

"Correct hypothetical” we termed the correct answers to
which the subject added some condition on what it would hold.

L ] a

- The experiments were carried out in Kirghizian with the
‘help of two interpreters with higher linguistic education and
good knowledge of both Russian and Kirghizian languages.
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TABLE 1. Types of answers and of explanations (reasons) for answers

¥4

“Number Tun?er N B
Schooling of Bs o Yo Correct | No expla ﬁi‘)i— iheo— ﬂeoretic
tasks | gyey: Corvect | Wrongly . oipe. natigg ric |retic | and
. T3 ¥ %]
2 to 3 years 13 29 |10 26 15 38 6 28 '219 54| 7 18| - (o]
4 to 5 years 9 27 | 2 7 10~ 37 6 0 22 8|5 19| - O
| ,
6 to 7 years 20 60 10 17 21 52 113 22 { 6 10 2 3 36 6019 32 5
, .
8 %0 10 years| 13 39 |38 | 22 5 9 25,5 1 |4 1020 51012 32|35 8
1 ! ' |
Schooled | | P !
total 55 165 25 15 78 49 39 24 !23 14 17 10 99 60|43 26| 6 4
H |
Unschooled 13 39 |20 51 12 21 6 15 1 3 7 48 |26 67 5 13| 1 2
Total 68
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B.g., "If she can invite guests, she will invite her", or:
"If Anara bas anything to serve her friend, she will invite
her" (task 2).This type of answer was never given to task 1,
possibly beceuse no doubt was cast on its first premise-most
Kirghizians drink tea every day with somebody.

In some cases, both a theoretic and an empiric reason
were given to the same answer. As long as we know, thisg
result has not been obtained in earlier studies and seems
to be specific to our subjects.

2. imong schooled subjects, the percent of correct an-
swers was 47, among unschooled, 31. This significant diffe-
. rence (t = 4,07;p ¢ 0.001) is in line with the differences
obtained by other investigators, but the percent of correct
answers in schooled subjects is strikingly different from
the nearly 100%-level of the schooled groups in other sgtu-
dies when solving.first figure syllogisms. Even among the

subjects who had attended to school for 8 to 10 years,the
percent of correct answers was only 56 in our study ~ & near
chance solution rate. The major increase seems to occur at
the level of 6 to 7 years of school (37.9% correct answers
with 2 to 5 years of school and 53.5% with 6 to 10 years)k.In
her review, Scribner (1976) locates the breakthrough at the
level of 2 to % years of school for the subjects investi-
gated when still at school or net much later.

3. The percent of theoretic explanations was significant-
1y higher among schooled subjects than among unschooled= 26
and 13, t = 2.04, p{ 0.05. This result, too, is in  line
with the results of previous studies (Scribnery 1976)., but
both percents are strikingly low in the present study. 4c-
cording to Scribner, in all the educated groups investigated
earlier, theoretic explanations dominated (from 72.2% among
the Vai to the practically 100%-level in American adults) .
Again, the major change in the nature of explamation osccurs
at the 6 to 7 years of school level (18.2% theoretic expla-
nations with 2 to 5 years of school and 31.3% with 6 to 10
yearsit = 1.97, p{ 0.05). Only two subjects with 6 to 7
Years of school and one with 8 to 10 years gave theoretic
explanations to all answers. '

4, The most significant difference in the results of
schooled and unschooled subjects lies in the number of the
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cases where no answer was given at all. Schooled subjects
left unanswered 15% of all tasks, unschooled subjects - 51%;
t = 4.39, p<€ 0.01. There are no significant differences in
the number of unanswered tasks between subjects with diffe~
rent amount of schooling.

5. Whereas subjects with 2 to 3 years of gchooling 1left
28% of their answers unexplained, - more than subjects with-
out schooling (18%), - among subjecfs with 4 to 5 years of
school there were no answers without explanation at 'all .
With 8 to 10 years of school, for 10% of all answers no ex-
Planation was given.

6. There were no significant differences between the
groups in the percent of empiric explanations. Explana-
tions of this kind dominated in subjects of all groups. Ac-
cording to the data reviewed by Scribmer (1976),this is
usual in unschooled subjects, wherea8 in the schooled .
groups, as was mentioned above, theoretic explanations have
absolute dominance.

7. Theoretic explanations in all cases co-existed with
correct angwers. Thig is in line with earlier findings
(Scribner, 1976; Tulviste,1978). ,

5. Dlgcusaion

The results obtained from a group of adult schooled sub-
Jjects with a traditional cultural background who returned
to their traditional kinds of economic activities after
school, confirm the general hypothesis advanced in thisg
paper. Thelr answers to simple verbal syllogistic tasks and
the reasons (explications) they give to their answers per-
mit to locate them nearer to the uneducated subjects inves-~
tigated in this and other studies, than to the subjects
-gtill-attending school or engaged in modern economic and
cultural activities who formed the educated groups in ear-—
lier investigations. To only 31 percent of all tasks cor—
rect answers were given, and theoretic explanations were
presented in 26% of all cases, whereas educated subjects in
other groups solve correctly practically all tasks of this
type and give theoretic explanations to most or all answers.
We interpret these results as indicating importance of thg
main kinds of activities in which the subjects are engaged.
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Although we could not investigate thinking of our educated

subjects when they were still at achool, there can be no

doubt that they had acquired theoretic syllogistic reason-

ing there (one to three years of schooling are sufficient,

as a rule; see Luria, 1976; Scribner, 1976). We think that

when the subjects returnmed to their traditional activities

in which thinking in scientific cohcepta was not necessa-

ry, including theoretic syllogistic reasoning, this mode

of thinking regressed, and empirlc syllogistic reasoning ,

functionally related to traditional activities, regained

its dominant position again. It is reasonable to +think
that this regression and return to empiric syllogistic rea-
soning would not have occured if theoretic syllogistic
reasoning represented a general higher stage in reasoning
that permits to solve all kinds of problems better.

Still, some significant d;i.ffe'rences between the results
of schooled and unschooled subjects were obtained.

Unschooled subjects left unanswered 51% (more than a
half) of all tasks, whereas schooled subjects left unan-
gwered only 15% of the tasks. This difference is connected
with schooling per ge,irrelevant to how many years the sub-
jects had been at school. Schooled subjects look upon  the
tasks as problems that can be solved -~ in yspite of their

"content being unfamiliar to them in their own experience.

Usually, schooled subjects give no empiric explanations
(Scribner, 1976), and unschooled subjects give few (Soribner,
1976) or no (Tulviste, 1978) theoretic explanations. In the
present study, the subjects of the schooled group in 6 cases
gave both a theoretic and an empiric explanation to the same
(always correct) answer. First, a theoretic explanation was
given, and an empiric one followed. This is in line with the
idea that this group of subjects lays between the schooled
and unschooled ones in their thinking mode.

The absence of significant differences between  schooled
and unschooled groups in the amount of empiric explanations
demonatrates the importance of everyday activities for
thinking. It is quite obvious that the schooled subjects in-
vestigated in earlier studiels also can give empiric explana~-
tions when asked or instructed to do so, but without such
instruction, they give theoretic, not empiric explanavions
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in the experimental situation. So we propose that in our
schooled subjects,theoretic syllogistic reasoning had re-~
gressed to leave the dominance to empiric syllogistic rea-
soning.

Two findings confirm the idea presented in the paper al-
ready mentioned that theoretic explanation indicates a new
mode of syllogistic reasoning, theoretic syllogistic rea-
soning. Firstly, both of the two major "jumps", from 37.9%
correct answers to 53.5% and from 18.2% theoretic explana-
tions to 31.3%, occur ‘at the same level of 5 to 6 years
of school. Secondly, earlier findings were reaffirmed by
the fact that theoretic explanations always.co-exist with
correct answers.

Although the main hypothesis of this study was confirm-
ed, the question of the fate of theoretic sylloglstic rea-
soning in gchooled subjects who return to their traditional
economic activities, needs further investigation.The kinds
of different activities in which the subjects are engaged
must be varied systematically. A longitudinal study would
permit to reveal the dynamics of the changes occuring in the
syllogistic reasoning of the subjects. lLast but not least,it
would be more informative to use syllogisms with everyday as
well as scientific content in this kind of gtudy. We propose
that theoretic syllogistic reasoning, first arising in the
sphere of scientific or school knowledge (Tulviste,1978) ,
should first disappear in experimental situgtions in  the
sphere of everyday knowledge, where it is not only unnecessa-
ry but often also migleading. ’
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MPYBOJUT JW HEMPAMEHEHWE TEOPETWYECKOT'O CHIUIOTHCTHYKCKOrO
MHIUTEHWA K Er'0 PEI'PECCHM?

T .Tamu N.Tyaseucre

Pespoue

B cTaThé OpeNCTaBAEHH DO3YABTATH IKCMEDAMEHTANBHOI'O0 HC-
ClieI0BaHNY BEPOANBHOTO CHANOTHCTNYECKOrO MuEICHAS ¥ nonei
WS TPAAHUMOHAABHOX RYABTYDH, ROTODHE HOAYYRAM HWROABHOE OG-
Da30BaHME, HO [0CHe BKOAW BEDHYIMCh K TDPAIMUMOHHANM  BHAAM
SKOHOMHYECKOW REATEABHOCTH. MOATBepAMAACH THIOTE33a O BO3-
MOXHO} perpeCCNH TeOpEeTHYECKOr0 CHAAOTHCTEYECKOro MHuE e~
HEA y 2TO# rpynnu HCOUTYyeMux. PeSyaprary HCCACIOBAHHA I'OBO-
PAT B NOABLSY BHCKA3aHHO{ B ONHON WS NpeANAYUEX DPAGOT MIEH
0 TOM, 4YTO TEODETHYECKOE CRINOT'HCTHUECKOE MWOACHHE  NpPEA-
crapase? cneynfHUECKH THO MHUASHWA, QYHKUMOHAABHO COOTBET-
CTByDMMi peweRED HayuHux (WKOABANX) 3ajay, a He yHHBEDCAINL-
HYD BHCHYD CTAZMD B DASBETHH MumASHNS .
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ESTORIAN WORD ASSOCIATION NORMS FOR THE
KENT-ROSANOFF TEST

Ealju Toim

\

Abgtract. The paper presents the norms for Estonians for the
EKent-Rosanoff Word Association Test, with English and ' Rus-
sian translations. A short overview of the attempts by other
authors to compile norms for EKent-Rosanoff WAT in different
language groups is also presented.

1. Introdyction

The more frequently used procedure of Word Association
Test (WAT) is that in which the subject is given a single
atimulus word and asked to regpond as rapidly as possible
with the first single word which comes to mind. This proce~
dure belongs to the discrete free association tests. The
first most detailed experimental studies of free assoclia-
tion by the diecrete method have been made by Kent and Ro-
sanoff (1910). In the selection of the stimulus words the re-
ferred authors "have taken care to avoid such words as are
especially liable to call up personal experiences, and have
80 arranged the words as to separate any two which bear an
obviously close relation to one another" (Kent s Rosanoff,.
1910, p. 38). This ligt of 100 stimulus~-words seems to be
the most popular among investigators and has been most often
ugsed. The present author has applied the test to over one
thousand normal Estonian subjects. The data of this experi-
mental study makes it possible to compose a normative dic-
tionary of responses which has been given by subjects to sti~
mulus words. In.the normative dictionary, the frequency which
demonsgtrates associative response strength is presented af-
ter each response . That response which occurs with the grea-
test frequency to any one stimulus is called popular, or pri-
pary response. The quantity of primary responses of & comp-
lex of ths associative responses of a concrete subject is an
important variable of response commonality and demonstrates
the response set of the subjects.

The norms of Eent-Rosanoff WAT have been composed by se-
veral authors. In 1916 Woodrow and Lowell used it with one
thougand Minneapolis school children. In 1928 O'Connor used
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it with one thousand industrial workers. In 1952 Russell and
Jenkins gathered so-called "Minnesota norms" from one thou-
sand University of Minnesota students. The dustralian norms
have been obtained from two hundred universgity-students in
Sydney and Tasmania (1957-1958). The Bnglish sample consist-
ed of four hundred students who were drawn from 7 universi-
ties located throughout England (1961-1962) (Postman,fep-
pel, 1970, pp. 40-52).

Inter-language comparisons have become possible only
since translations of the Kent-Rosanoff test were used in
France, Germany ,Italy. M. Rosenzweig gathered French norms
from 288 Sorbonne students (1955+1956) (Postman, Keppel ,
1970, Dpp.108=116).

Russell has gathered German language norms for responses
to Kent-Rosanoff stimulus (1957-1958). The German sample
consisted of 331 gsubjecta (3T females and 300 males) from
the psychology courses at the University of W'ﬁrzburg and
from advanced classes in Hochschulen and Gymnasiums in
Wirzburg, Aschaffenburg, Scheinfurt (Postmen,Keppel, 1970 ,
pp. 53-94). An Italian translation of the list of Kent-Ro-
sanoff's WAT was administered in Italy by Levi. The sub-
jects were chosen to be fairly representative of the Italian
population in age and social claass, although the majority
were students. About two-thirds of the 229 subjects were man
(Rosenzweig, 1961,p.348). Polish word association norms have
been gathered from about one thousand Polish university stu~
dents (491 of the University of Warsaw and 525 Warsaw Engl-
neering School: 442 of them were girls and 574 boys , with
age ranged from 16-34 (Kurcz, 1966,p.152).

The normative data of Russian and Kirghiz associetion-res-
ponses have been gathered by Titova (1975). Her Russian sam-
ple consisted of 500 Russian students of inatitutes of Frun-
ze. Among the stimuli there were 89 words equivalent to the
Kent-Rosanoff 1ist. The Kirghiz sample consisted of 1000
Kirghiz students. The responses to 91 stimuli, equivalent to -
the Kent-Rosanoff 1list, could be compared with the responses
in other languages.The tests were carried out in Frunze in
1972. In 1977, the first part of the "Dictionary of Rusgian
Asgoclations norms" has been published (edited by A.A,Leont-
yov).
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In this paper, Fstonian norms of Kent-Rosanoff WAT are
published. The tests were carried out in 1973-1974 with one
thousand normal subjects. Among these subjects there were
500 pupils from 13 Estonian secondary schools (170 males
and 330 females). The age of the pupils was 15-19 years.The
other half of the subjects consisted of 500 adult persons
(200 males and 300 females). Among adult subjects there
were persons of different oocupations, possessing various
degrees of mental capacity and education (50% of subjects
had higher education), and living in widely separated geo-
graphical points. The age range of the adult subjects was
18~60 years, especially 20-35.

The norms were collected in a classroom setting.The asub-
Jects wrote responses on answer sheets provided heside
each stimulus word. The text consisted of two pages, 50 sti-
muli on a page. The instruction was a standard word~associa-
tion instruction = to respond as rapidly as possible with
the first single word which comes to mind. '

In tbis paper, associative norms are presented in  the
following table. In the first column, the original stimulus-
words (in Bnglish) in the order of the Kent~Bosanoff  WAT
are presented. The Estonian equivalent forms of thig word
and the Russian translation of Estonian equivalent are
printed under the English word. Few stimuli have been pre-
gented twice. In that case, different Estonian transla-
tion-variants were used. The norms of primary stimuli have
been gathered from 1000 subjects, but of secondary stimuli
from 500 subjecte. In the dictionary the secondary stimull
have been mariced (in all 11 stimuli). In the second column
5 Estonian responses to each stimulus are presented. In the
third column, frequencies of each responses (how many per-
cent of subjects have given this response) are presented .
In the fourth column, the English translations of Estonian
responses (and in the fifth column Russian translationms)can
be found. In some cases , the English translation may be
followsd by the abbreviation "sub™ in the brackets, denot-
ing a substantive. For example: valge = light, white; val-
gus = light (sub.).
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Estonian responses to Kent-Rosanoff stimuli

1. 2. 4, 5,
Stimuli ResEonses Translation Trangslation
i t
Te tool chair
Table lina cloth g:l:e T
Laud pink bench cRauellxa
Crox PuY wood ZepeBo
soQk food,meal oHIOa
2e
Dark yalge 51.7 light,white CBeTaui,Ceauit
Pime ogQ ;. 8 night HOYB
TEMEH% naglja 31 p.who gees
hele 4.2 bright, clear ﬁgg;‘”&ﬂmu
valgus 2.7 light (sub.) oDegts
3
Dar]ac. hele 69.0 bright,clear cpetault, Apruft
Tume must 5.1 black 4EpHHA
TEMHUR Rime 4,0 dark TEMHHY
00 3.4 night HOYB 4
valge 2.8 light,white Oemuit,cBerauit
3.
Music heli 1.9 sound 3BYK
Muugika  laul 1.3 song mecHsa
My 38Ka vaikus 6.5 silence THUUHA
klaver 6.0 piano 0R4B
pill 3.3 " ingtrument gnc-rpyuem
4,
Sickness tervis 34.0 health 370POBhE
Haigus terve 9.7 healthy 370DOBHi
Bonesnp  gripp 5.5 influenza rpunn
valu 4.4 pain ¢onme
arst 4.3 physician Bpay
5.
Man naine 77,9 woman XeHOHHE
Mees tugev 1.5 strong CHABHHH]
MyxyuHa isa 1,0 father oreq
pikk 0.8 tall BHCOKEH
habe 0.7 beard dopoza
6.
Deep madal 4.9 low,shallow MeZIHAR,HHIKK{H
F" av vesi 5.2 water BOZA
1y S0xn#  auk 4.2 hollow M8
kaev 4.2 well KOO fien
Jjogi 3.6 river,stream pera
7.
Soft kdva 52.7 hard TBep Il
Pehme padi 6.9 pillow nonywKa
MarK#R voodi 3.6 bed . KpoBark
soe 3.3 wars Teénauit
diivan 2.8 divan,sofa AHBARE




1 Se 3. 4, S.
B 8.
gYing joomine 45.0 drinking "
Soomine magamine 6.7 sleeping g n’;;: 8
Ena tlt 4,5 food nma
nglgimine 4.4 starving ro/onanke
nalg 3.0 hunger ronon
9.
Mountain org 34,5 valley oBpar
Magi kdrge 10.6 high BHCOKas
T'opa Jegi 8.1 river,stream Dpexa
kungas 5.9 hill XO0nM
madalik 2.3 lowland HH 3MEHHOCTH
10.
House katus '10.9 roof Kpuma
Maja tuba 9.7 room KOMBATA
Iom aed 8.7 garden cazn
uks 6.6 door IBepb
kodu 6.2 home DOZHOHA
1.
Black valge 66,0 white
Must pynane 2.2 reg ?(gggg,,ﬁ
H varv 1. colour
TepHuk puhas 1.8 clean ggggﬁg HBer
kass 1.4 cat KOmKA
12. .
Mutton 5a8l0kk 19.2 shashlyk DamAHK
Lambaliba sgealiha 17.6 pg:-k ggggﬂﬂa ‘
lammas 5.3 sheep
BaparuHa o0 malina 4.9 beef roBAINAa
+ xaproe
13.
Comfort ebamugavus 9,2 uncomfort HEYA0GCTBO
Mugavus  laiskus 8.4 éiz iness neHb
diivan 58 van,sofa HBaAH
¥ z06eTB0 tugitool 5.5 armché.ir - ﬁpgcno
tuba 2.8 - room KOMHaTa
14,
Hgnd jalg 65.5 foot HOr'a
Kagi sorm(ed) 6.7  finger(s) nazey
Pyka sOrmus 1.5 ring KONBUO
kjpnas 1:4  glove,mitten [ep4YaTKa, pyKaBHLH
too 1.1  work pacoTa
15. -
Short pikk 74.2 long,tall LAMHEbY , BHCORHY
Lﬁhike paks 4.6 fat,thick TOACTHI
Koporxuft vaike 145 small,little  MaXCHBKHI
kleit 1.4 dress f1aThe
jalg 1.2 foot HOTa
16. .
Fruit Sdun(ad) 36.9 apple(s) A610%0
Puuvili  juurvili 23.1 edible root(a) xOpEENAOR
PpyxRTH aedvili 5.0 vegetable opoIM
pirn 3.7 Dpear rpyma
apelsin 3.2 orange aNeLCEE
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s 2. &, S
17. ~
Butterfly kirju many-coloured MECTDas
Liblikas 1lind bird ATRLA
1111(ed) flower(s) BETOR
badouka putukas insect HACEROMOE
. kollane yellow KEATaA
18.
Smooth kare 2.7. rough wepmaBHi
Sile krobe(line 3.2 unevgn ,r_gugh mepoxoBarTyi
i konarlik 7. angular,bumpy HEDOBHHI
Taapxni libe 4u4 slippery CKO B 3KU
laud 4.4 dboard,plank [OCKA
19. - ‘
Command taitma 5.7 carry out WCNO AHATDH
Kasutama alluma 5.5 %o ’ge gubject NOAYAHATHCA
Pacnopsa- kamandama 5.1 to be bossy I 0BaTh
ma'rbcg keelama 4,2 forbid agzggﬁan
ulemus 4,0 chief HAYAJBHMK
197
Command keelama 23.4 forbid 3anpemars
Kaskima paluma 8.4 ask IPOCHTE
TlprkasuBaTh taitma 6.5 carry out NCIONHATE
karjuma 3.5 vociferate KpA4aTh
ulenus 2.7 chief HayalbRUK
20., '
Chair laud 2 table cTOnN
Tool istuma 8 sgit cupe Th
Cryn pink O bench CKameuKa
iste 1 sgeat CHIeHbe
Jjalg 6 leg HoTra
21.
Sweet hapu 20.8 sour,acid Rucaui
Magus kibe 14.1 Dbitter TOpb KAk
Cna fxw it mbru 13.1 Dbitter TODbRHH
mesi 8.2 honey MEZ
subkur 7.0 sugar caxap
22.
Whigtle laulma 21.3 sing neTs
Vilistama vile 10.3 whistle(sub.) cBHCTOK
HCTETh PRiss 5.1 boy MalnbyHK
Ceucte huudna 3.6 call,shout 3BaTh, KAl KaTh
vaikima 2.7 to be silent MONYaTh
23.
Woman mees 7 man MyXYHHa
Naine laps(ed) 4 child(children) peGEHOK
Eexmuua ema 2 mother \aTk
ilus 5 beautiful Kpacyreas
kleit 4 dress nAaThe
24,
Cpld s08 .3 warm TENAN
Kulnm l1(7alv . 2 winter 3uMa
XOMOEHH i uum hot ropsudi
z ilm «9 weather norozna ¢
lumi .8 snow ‘ cyer
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25. o
Slow kiire fast GHCTPH|
Aeglane tigu slug yauTKa
Me ZneHEHH inimene man,person YyeloBex
laisk lazy neHEBHit
pikaldane leisurely  MeANGHHHT
26,
Whish tahtma want x0TeTH
Soovimg paluma ask NpOCHTH
onne congratulate MO3APABIATE
keaars head well XOPOTero
taituma to be realizedUCNONHATHECA
27. -
River jarv 23.9 lake 03€epo
Jogi vgsi 12.2 water BOZA
Pexa magi 9.9 wmountain ropa
oja 9«3 brook pyuecit
meri 7.0 sea MODE
28.
White must 49.9 black yEPHH K
Valge ‘pime 9.2 dark TEMHHIT
Beawit lumi 7.9 snow cHer
u hele 2,1 bright,light cBerayit
puhas 4.7 clean yRCTHi
29. N
Beautiful inetu 26.2 1 HEKPaCHBHHA
Ilus kole 19.6 ggrgible JEACHHR
Kpacneuit kena 6.8 nice,pretty XOPOmEHbKUH
ngine 5.2 woman KEHMUHA
. tudruk 4.1 girl JIeBOYKa
30.
Window uks 48.7 door IBEDB
Lken klaag(id) 5.2 pane(s) CTEKI0
OxnO valgus 4,6 light CBET
maja 3.1 hLouse IOM
suur 2.9 great Gonbuoe
31.
Rough sile 35:.9 smooth T'IapKn it
Kare pghme |, 14.5 soft MATKUH%
Hepmazuit  kasi(kaed) 4,7 hand (s) pyxa
riie 4,5 cloth,material MaTEDHsA
krobe(line) 2.2 rough,uneven UEPOXOBATHil
32,
Citizen inimene 17.1 man,person YEe/lOBeH
Kodanik seltsimees 10.5 comrade TOBapAm
. mees 6.4 male,man MymUMHZ
[pammanmi iy 3.4 dweller RUT 1D
noukogude 3.0 soviet COBETCKAH%
33. v
Foot kasi 54,6 hand DPyra
Jalg kinglad) 5.8 shoe(s) Typnn
Hora saabas 5.5 boot,high shoe CaM0OT
varvag(varbad) 2.8 toe(s nanen(naibuy)
(jalgipall 2.3 (foot)ball usu( yroon)
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3u,
Spider vork 30.8 web nayTvaa
Eoblik  pptukas 15.0 insect HaceKomoe
Mayx karbes 7.4 fly Myxa
rist(ristiga) 3.9 cross-spider KDECTOBEE
vastik 2.5 repugnant OTBpATHT eABHuR
35.
Needle niit 60.0 thread HUTKa
Noel terav 10.0 sharp ocTpad
(ndelalsilm 1.8 +the eye of ATOBBHEOS
Hrna omblema., a needle JuKO
(Smblemine) 1.4 sewing WHTh .
peenike 1.3 thin TOHEN
6.
Red must 29.4 Dblack yépryi
Punane  sinine 20.8 Dblue guﬁ ,r'aonydon
lipp 10.8 fla r,3HaMA
KpacHu#t  gp3ge 4,6 whi%e gensft
veri 3.4 blood KPOBB
37.
Sleep yoodi 14,1 Dbed KpOBaTh
Magama  arkama 12.3 awake npocHnarThecs
cnarsp tousma 9.5 rise up 10 IH¥MATHCA
uni 9.0 dream COH
puhkama 8.5 °"rest OT ZxXaTh
38.
Anger raev 1.7 rage,fury ADOCTH
Viha vaen 8,8 hostility Bpaxza
I'meB room 6.1 Jjoy,delight  DamOCTB
vaenlane 3.4 enemy Bpar
soprus 2.5 friendship Ipyxda
39. .
Caipet poOrand(a) 18.6 floor non
Vaip pehme 10.5 soft MACKUH
Kozép tekk 9.0 blanket ones KO
sein 4,2 wall cTeHa
kate 3.3 cover(ing) O KpHBAXO
G- 40.
Lrl poiss 60.9 Dboy Manbuy
Tudruk ilus 3.5 beautiful Kpaéhfa‘a
JeBouxa kgna 2.8 fine,pretty MU Aas
V&lkg 2.0 little ,small ManeHbKas
patsid 1.9 plaits . KOCH
4.
High mgdal 51.9 low HU3KH i
Korge magi 9.4 mountain ggggﬁ
torn 4.4 tower
0 -
BucOKHi maja 3.9 house IOM
puu 2.4 tree 7ie peBo
42,
Working laisklemine 12.7 to be lazy Ge3nelbHHUAFHE
Toota-  puhkamine 12.3 rest ovpnﬂnx
mine magamine 5.4 sleeping cnagpé
Pag too ) 4.1 work TDY A -
aoora logelenmine 3.0 loaf,idle HYYETOHEeAE AaHIe
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43, :
Sour magus 50.0 sweet CHaTKM i
Hapu kurk 9.1  cucumber orypeq
Kucayst Oun 4.7 apple A6 NOKO
kapsag 3.7 cabbage KanycTa
kibe 3.2 Dbitter TOPBbKHit
4,
Earth taevas 21.3  sgky Hedo
Maa muld 10.5 mould,soil OYBa, 3eMIA
kuu 6.1 moon AYRA
Bemaa meri 5.5 sea Mgpe
vesi 4.7 water BOTA
0L, ®
Barth taevas 18.0  sky HeGo
Maapind muld . 1%.2 mould,soil 3ewm/9, 1OYRa
loBépx~ rohi 4.3  grass TpaBa
BOCTE  gile 3.0 smooth TIaNKU i
2 MY ohk 2.4 air BO3My X
45.
Trouble rdom 34,8  joy,delight pamocTs
Mure suur 5.0 great donpmas
kurbus 4,7 sadness neyanb,rpycTs
BagdoTa vaev 2.5 pain MyKa Py
ema 2.2 mother MaTh
K=
Soldier sda 12.6  war BOitHA
Sodur poiss 11.6  boy,young man MOAOZOY yel.
Bong spldat 7.8 soldier coaznar
puss 7.5 gun Dyxbe
sinel 5.1 soldier's coat IMHEID
47, .
Cabbage kaalikas 18.7  rape,rutabaga ¢pprpa
Kapsas 1s(upp . ;8 SO\;Pt cyn
artu . potato raproheb
Kanycra hapu 6.9 sour Rngnuﬁ
porgand 6.4 carrot MODXO BB
48, '
Hard pehme 57.8  soft MATKUH
Kéva kivi g.z s tOge KaMEHb
& pga . ea ToN0Ba
Taepaut pahkel 2.8  nut - opex
leib 2.0 bread xnesd
49, ,
Bagle lind 31.3 bird nTHLA
Kotkas  kull ‘ 9.4  hawk acTped
Opén kalju(kotkas) 5.0 golden eagle TOpPHHII( OPEX)
tiib(tiivad) 3.4 wing(s KDHIO( Kpuaba )
taevas 2.8 ' sky HE0O
50. -
Stomach tuhi 19.8  empty Ty cTOoit
Kdht selg 12.4 back cnuHa
gu 6.1 maw KEIYy oK
X¥usor lzgis 4,7 full CHT
naba 4.7 navel nyn
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1 2. 4, B
5.
Stem lilléed) flower(g) {BETOR
Vars hari(harja brush meéTKa
ois blosgom GyToH
Credefd  leht(lehed) leaf(leaves) muen( MMCTER)
luud(luua) besom Py
-
52. . .
Lamp valgus light CBET
Lamp tuli light,fire OT'OHB
Javna laud table cTol
pirn bulb RaMIOYKa
lagi(lae) ceiling NQTONOK
53.
Dre uni 0 sleep(sub.) COH
Unenagu magama 0 sleep (verb) CNaTh
CaoBu-  jjus 9 beautiful Kpacusoe
LEeHHE oQ - O night HOYb
varviline 0 coloured §BETHOE
54,
Yollow punane . 11.8 red KpacHul
Kollane ginine 9.7 blue CuHHit, Oy Colt
Renrwi#  liblikas 9.1 butterfly Gago4xa
rgheline 9.1 green 36/MIEHH}
paike 5.0 sun CONRHe
55 ,
Bread ‘sai . 49,0 white bread Oeauit xied
Leidb gool 3.5 salt . COIb
Xned liha 3.5 meat Maco
voi 2.9 butter Macio
soe 1.9 warm TENNYH
56.
ustice vale 43,5 1lie NOKB , HENP3BAA
igus tode 9.6 ' truth WCTHHA v
{Ipaso kohus 6.9 court CYL
seadus 2.2 law 3aK0H-
ebadiglus 1.4 unjustice  HECOPABCLMBOCTE
56%
ustice valg 22.1 1lie 0% B, §eAPaBzA
iglus ebadiglus. 9.9 unjustice HecnpaBe/IuBOCTE
Cnpasel- kohus 8.1 court CYL
I¥BOCTE  tdde 5.3 truth HCTHEE
ausus 3.2 honesty 9€CTHOCTE
57. .
Boy tudruk 8 irl
Poiss mees o4 gan ,’j;,ﬁ?,:gg » IGBYTRE
Manpuux 1aPS 2 child DeGEHOK -
vaike 8 little ManeEbRUH
ulakas 2 naughty 0730pHO{
58. v
light  tume dark TEMRNY
Hele . valge white,light_  08aui
vglgus light (sub,) OBeT
CBeThHi paike sun CONHye
day JEeHE




—

1. 2. S 4. 2

58%
Light pimedus 53%.0 dark(sub.) TeMHOTAa
Valgus hele 6.7 bright CReTAuit, APKUH
Cser lamp 5.1 lamp namna
pime 4,5 dark TEMHH
paike 4,2 sun COJHYE
59. .
Health haigus 42.9 sickness done3Hb
Tervis hea 8.3 good xopouee
sroponpe TU8EY 3.2 strong CHIIBHOE
LOPOBEE phgaige 2.4 i1l,sick person 6oapHOR
arst 2.2 physician Bpay
60.
Bible raamat 24,4 book KHHArQ
Piibel usk 16.8 religion peauris, sepa
Jumal 9.0 god oor
Budmua  jspyx 7.1 church U8pKOBE
paks 3.3  thick bToncTuﬁ
Mg Sy s 10.4 mind
mory  moistus . n yM, pasym
Malu hea ;2 goog xof)omaﬂ
aju . rain MO3T
MaMaTy  pog 6.8 head ronosa
mdte 5.9 thought MHC D
62.
Sheep oinas 26.4 ram oapaH
Lammgs  vill 18.6 wool mepeTh
OBya lehm 1.5 cow KOpOBa
1 loom 3.8 animal RUBOTHOE
siga 3.4 pig ‘ CBUHBSA
63.
Bath vesi 40.1 water BOZA
Vann kauss 6.8 wash-basin Tas
Bauga (vanni)tuba 3.9 bathroom BaHHAa
pesema 3.4 wash HTBCA .
pesu 2.9 washing MHTHE,GeNbE
63.*
Bath vesi 16.8 water BO1A
Kumblus suplus 10.3 Dbathing,swim  Kynaaue
Naec— vann 5.3 tub BdyHa
Kague saun 4.3 sauna GaHs
duss 3.6 shower-bath Lyuw
64, . ;
Cottage onn 16.2 hovel,huj; nayyra,wanam
Majake opnike 5.9 hovel (dim.) nayygKa
AOM"R vaike 5.8 little ,small MaJleHb KW it
suvila 3.6 summer cottage 7aya
aed 3.5 garden caj,oropog
65.
Swift aeglane 51.4 slow Me AN HEN
Kiire ruttu 3.8 hurry CHEUHO
Cxopuii auto 3.6 automobile Mamnyga
lennuk 2.5 airplane . camoneT
Jjooks(mine) 2.4 run,running der
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e 2, 3. 4. N Se
Blue ) punane 22.0 red RDaCHHi
Sinine taevas 22.(8) sky Hggg

» meri o sea M .
Tonydo kollane 4,4 yellow ReATHit
valge 4,3 white genuit
67 M . esae
Hungry (tais)soonud 15.5 fill eaten CHT
Naljane hunt 13.1 wolf BOJK
Tonoz- koer 5.9 dog codaxa
Huit leib 2,8 bread xned
toit 3.7 food numa
68.
grriest kirik 24,1 church ggEROBB
ees- papp 15.1 DoOpe
ter usk 4,0 religion BEDAa, PENNTrusa
CBameR- piibel __ 3.5 bible gudmia
HUK %kiriku)ope taja 3.5 c¢lergyman,vicar TacTOp
69.
Ocean meri 21.3 sea Mope
Ockean vesi 17.6 water BOZA
Oxeay laev(ad) 1.1 ship(s) CYAHO,KODasab
suur 4.9 large 6oABmOR
avarus 2.3 spaciousness IpOCTOp
70. :
Head juuksed 15.2 hair BOJIOCH
Poa jalg(jalad) 8.7 foot ,leg(s) HOra
Tonoma kael 8.1 neck mes
muts 2.9 cap manka
. mbistus 3.8 mind yM,pasym
71.
Stove  soe 21.9 warm Ténnas
ahi soojus 10.3 heat(sub ) renaoTa
Meuxa pliit 10.2 kitchen range naura
tuli 8,0 fire OT'0Hb
puuld) 6.1 firewood ZpoBa
72. . o
Long 1uhike 53.6 short KODOTH#Y
Pikk poiss 4.3 boy MalbuiK
- tee 3.8 road zopora
bma- %% 5.7 broad,wide WHDOKKik
mees 3.4 man MYXU¥HA
7%.
Reli~ kirik 14,8, church IePKOBH
ion Jumal 12.0 god oor

sk piibel 7.1 bible ORGIES

Bepa ebausk 5.6 superstition cyesepne
lootus 3.9 hope Bajexza
74,
%Ihiskey ve inl 13.9 wine BHHO
iin pudel- 10.3 Dbottle 6y TuaKA
Bonxa Jjoodik 10.2 drunkard nlaﬂnua
alkohol 5.0 alcohol,spirits anxoroas
vesi 4.6 water BOZA
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74.*
Whiskey jook drink (sub.) EATUTOXR
Vigki viin vodka BOZKA
Bifcoxy pudel bottle Gy THAKA
alkohol alcohol,spirits anxoroas
klaas drinking~glass CTaKaK
75.
Child epa mother Mars
Laps vglke little,small ManeHbRUR
PeGEHOK taiskasvanu adult B3POCAHH
poiss boy ManbunK
hea good XOpomHii
76. R
Bitter magus sweet Cla BRUH
. Kibe moru bitter rophXui
Toppxait viin vodka BOIKA
pulm(ad) wedding cBazBGa
pipar pepper nepen
77
Hammer nael(ad) 32.3 nail(s) r'BO3Mb
Haamer vasar 19,2 hammer MOZOTOX
Monorox alasi 4,9 anvil HAKOBANBHA
kirves 4,5 ax TONOP
tangid 4,0 ‘tongs MATOH
78. j
Thursty vgsi 26.7 water BOZE
Janune naljane 14.5 hungry rono g 5l
Bagpymuit  jook 4,2 @rink (sub.) HAMUTOK
korb 3.7 wilderness HNyCTHHSA
inimene 2.3 man, person Ye/I0BEK
79.
City a 18.9 country Ceno
Linn Kola ' 10.5 village € DEBEA
ropox maja(d) 10.1 nhouse(s) zom(a)
suur 9.0 ﬁrand, large GO npuoi
Tallinn 4,7 Tallin Tanme
. 80,
Sguare plats 8 place,ground naomazxa
Valjak suur 9 large donpuasn
Nnomazep  Vgidu- 9 Victory Todeny
tanav 9 street awpa
. Punane 8 Red pacHas
80% :
Square kolmnurk 33,6 ‘triangle TPEyroNBHUK
Nelinurk ruut 15.8 square KBazpar
YeTupéx- matemaatika ?.5 mathematics maTemaTika
yrONBEEK viisnurk 4.9 pentagon NATHYTONBHUK
ring 2.2 c¢ircle Kpyr
8.
Butter leib, 27.6 Ybread - xned
Vai sai 12.3 white bread Genwit xnes
Macno piim 5.3 milk MOJIOKO
.kollane 5.0 yellow xKelT it
rasv 4,9 fat EUD-
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3.2 : 2. W I, c.
Doctor haige 19.6 patient GOMBHO
Arst hﬁd..k%us Zag ‘ii.llgess ¢0Ae3HD

doktor o octor BOKTOD
Bpad valge . 4.2 white ge nuit
- tohter 4,1 physician Bpayv
— 83, :
Loud kuri 11.3 eovil SA0#
Vali ﬁuul 1?. g- wind ha BETEp "
arm <0 Bsevere,harsh CYPOBH
F'PW““ kova 5.7 hard ’ rngpnuﬁ
tugev 4,4 gtrong CHABHHR
. 83.%
Loud vaikne 12.6 sgilent,still TAXHH
Valju tasane :{ 3.‘ g low, aorgar xpo'nmg
. gtrol 3 . Kpemku
Tpourtt 1051 1.8 voice To00
. tasa 5.7 low THXO
—8g, —
Thief roovel 6,0 robber Pa3CoRHAK
Varas miilits 4,8 militia MAJRIHA
Bop vangla 4.5 prison . . TYPHMA
aus 4,1 hkonest YeCTHH i
vargus 4.1" stealing BOPOBCTBO

85 . . |
Lion tiiger 19.1 tiger THID
Lovi loom .74 animal ERBOTHOE
fles lakk 6.7 mane r'puBa :

loomaaed 4,5 Zoo 30001aPK
puur 4.0 cage KAeTKa
~—86.
Joy mure 39.5 sorrow 3agoTa
Room kurbus 1%. 2 : f,:d“ ss ne';1 a;x:e
P onn ‘ PPy cuac
anocts naer 5:4 laugh cMeEX
- suur 2.6 great 6onbman
Bed wmagama(magamine) 411.8 gleep cnaTth
Voodi tekk 1 ’Bl 4‘6& b%anke(, t ) 0Zeano
‘ 3leep(sub. COH
Kposars 00 di(pad,jad) 8.5 pillow nozymKka
. DPehme 8.0 sgoft -MAT'Kas
He ki 56.0
877 |56 ‘ easy,light
Raske too 5.9 work' & f,ggﬁgg
T kott 2.9 Ydbag,sack MEmOX
ng;e- kivi 2-3 stone RaMeHp
raud 1.8 diron xel1e30

89 ' .
gob;cco a;its 22.2 smoke IHM

ubakas piip «> Dpipe TpyoKa
Tadax sigarett(1id) 4.4 cigarette(s) c%a era

kibe . 3:6 smart,bitter eIKK
moru 2.3 bitter . TOPBLREiE
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1. ER G Os
0. o
Baby laps 23.6 c¢hild DPeGEHOK
Boebi mahkmed 7.0 nappies nenEHKH
Mrazeser vaike 6.3 1little ManeHb KU
tita (titt) 5.6  tiny tot 1%§§moﬁ
imik 5.0 suckling DPEGEHOK
M.
Moon paike 21.9 sun COMRLUE
Kuu 60 8,9 night HOUB
Niyra taht(tahed) 8.5 star(s) 3Be3za
taevas 7.8 s8ky Hedo
kollane 4.4 yellow géaras
Sciggsrs nuga(noad) 18.4 knife(s) HOX
Kaarid  riie 15.9 material,cloth MaTepus
Hom Hirigy terav{ad) 7.9 sgharp ocTpHit
13ikama(-mine) 7.5 cut pesaTh
. paber 6.2 paper gymara
93, '
Quiet Shtu 7.9 evening Beyep
Vaikne  mura 7.6 noise myM
Tuxuit tasane 7.1 low,soft KDOTKHif
kararikas 5.2 noisy WY MHH
larmakas 4,8 obstreperous  KPUKARBHi
93" |
Quiet rahutu 15.0 restless 0eCnoXO#Huit
Rahulik narviline 10.3 nervous ReDPBHH
Cngxoﬁ— inimene 6.9 man,person yeloBeK
Hui aeglane 5.7 sluggish ME A/1e HHH i
kiire 3.6 quick,rapid duCTpuit
94,
Green kollane 11.2 yellow ’méuTuﬁ
Roheline rohi 9.3 grass,nerb TpaBa
Beadunyt Sinine 9.1 blue igggg,ro-
muru 7.9 grass Pason
aas 7.6 meadow Ay
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1. 2. 3, o 4, 5.
95. ’ : :
Salt subkur 28.8 sugar caxap
Sool 1leid 10.8 bread xned
Com  kibe 6.9 Dbitter TOPBEHU{ -
soolane 5.9 salty coneHul
pipar 4.4 Dpepper nepen
%o” )
Sireet maja(d) 9.5 house(g) nom (moma)
Tanav auto g . g % ar -‘MamuBea
Yauya lion . own ropox
u valjak 5.7 square naomans
tee 5.6 road zopora
97.
King kroon 17.3 crown KOpPOHA
Kunin- kuninganna 12.7 queen XOpoe Ba
gas keiser - 8.2 emperor HMIEpaTOp
Ro-  (riigidvalit-
poap  Seja 4.6 ruler BIACTHTOXD
v troon 3.5 throne TDOH, OpecTon
98.
Cheese vorst 15.7 sausage KoZXdaca
Juust voi 10.7 butter Macno .
Cup sai 6.7 white bread denuit xaed
auk (augud) 6.2 hole(s) IHDKA ( AWPKH)
piim 6.1 milk MO IOKO
. 99.
Bios~ 1il1(ed) 38.7 flower(s) {BETOX, LBETH
som vars 10.6 stem credens
I'008 6.0 rose po3a
Ois  ilus 5.0 beautiful KpaCHBHit
Byros Lleht(lehed) 4.4 1leaf (leaves) aAmcT ( AACTHA)
100. -
Afraid ebmunud 7.5 frightened- ucnyraHiuit
Hirmu- laps 6.3 child PeCeHOK
nud Julge 5.9 bold cMe it
Hany- kartlik 5.3 timid 60A3ANBHH
rai- arg 4.8 coward TPYCANBH{
Huil
100,.*
Afraid julge 26,0 bold CMefH it
Kart- agg 11.8 coward TPYCAMBHik
1lik habelik 3,2 bashful CTHAAKBHY
Boa3- laps 2.8 child PeGEHOKR
Byt inimene 2.6 man,person 4yell0BeK
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3. Conclusion ‘

In the Table, 555 responses to 111 stimuli were present-
ed. 226 responses or 40,7% can be classified as homogeneous-
logical, 189 or 34.1% homogeneous-nonlogical and 140 or
25.2% heterogsneous‘associations; Estonian association-norms
demonstrate great associative-response strength of the pri-
mary responses. The frequencies of primary responses to 33
stimyli are greater than 40%, to 42 stimuli are smaller than
20%, but the mean frequency of primary responses is 30%.
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SCTOHCKME HOPMH CTIOBECHHX ACCONMAIMA TECTA KEHT-POSAHOBA
K. Toitu
‘ PespopMe

B craThe UpeICTABMADTCA ICTOHCKHE HODMH CAOBECHHX acCO- /
umaguft Tecra Kemr-PosaHoBa, CHRCEREHHHE MEPEBOROM Ha aHrHil-
CROM B pycCKROM ASwKax. Takse AAeTCA KDaTKEi 0630p o nonut-
Kax ADYr¥x aBTOpOB COCTABHTE HOPMH Tecra Kenr-Posanoma s
PasAMYHNX ASHKOBHX TpynN.
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DEVELOFING A METHOD TO MEASURE ATTITUDES TOWARDS
DANGEROUS OR ALARMING EVENTS

Mihhail Kotik Lauri Uovel

Abstract . A method to study attitudes towards dangerous or
alarming events is proposed. The method is based upon  the
general idea that fuzziness of wor& meanings used in  de-
scribing an event can be taken as a basis for judgement

about subjects' attitudes and emotions. Experiments were

performed with electricians who had had few or many accli~

dents in their work. The comparison of these groups re~

vealed that they differ from each other in a number of Der-
gonality and motivational variables, as well as in’ their
meanings of different current strength (voltagea).The group
with more accidents considered 90V "very weak",whereas the
group of no accidents considered it only "wesk". The  ten-
sion of 260V was regarded by the first group as " “very

strong",whereas the more cautious group considered it al-

ready mortal. The possibility to get engaged in an acci~

dent with electricityhas its concomitants in the ways  the
subjects conceptualize the dangerous and alarming stimulus
values for themselves, and by measuring these conceptuali-
zations their attitudes and the emotional significance of
the given event can be studied.

1. Introduction
In previous studies on this problem,one of the authors
(Kotik,1978a) stated that by the vocabulary a person choses
for estimating the possibility of occurrence of an unex~
pected event one can judge his attitude towards the event.
For example, if one person estimates the possibility of
occurrence of a dangerous event with the word "often" but
the other the same event with the word "seldom", them by
these estimations one can judge that for the first person
the event is a emotionally gtronger than for the other. So
by the way the person deacribes the membership of an unex-
pected event in a certain fuzzy set (Zadeh, 1976) we can
decide the degree of significance - of anxiety ( Kotik,
1978b) of the event for him. Besides,it was quite clearly
shown that it is characteristic for human beings to streng-
then verbal estimation about the possibility of occurrence
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of events proportionally to their emtropy (but not to  the
possibility of their occurrence).

The last conclusion is well comnected with Simonov(1970)
information theory of emotions that argues in favour of en~
tropy as the measure of emotional events.

To test this, a hypothesls was put forward that the word
chosen for estimating the intensity of the effect of a
dangerous (or an alarming) event can also be an indicator
" of the given person's. emotions. This idea was subjected to

control in this study.

2. Expazinent T

To carry out the study, first of all it was necessary to
find such a dangerous influence the intensity of which
could be measured quantitatively and estimated by the per-
son who has experienced such an influence already.The ef-
fect of electric current proved to be comfortable to esti-
mate and measure of this influence.

As verbal estimations are basic for the diagnostic me~
thod under study, the experimental subjects had to be the
people who had formerly experienced the effect of electric
current and who knew its value = electricians of high vol-
tage transmission were selected for that purpose. Studies
show (Manoilov, 1976) that they get electric shocks with
frequency of 4~5 times a year.

In the present study, we are also interested in indivi-
. dual differences that appear in estimating the intensity of
such an influence. The differences are related to tempera~
ment, social and professicnal qualities, motivation etc.
A1l these qualities that have an effect on a person's atti-
tude towards dangers had to be revealed in electricians'
practical activity already (including breaking ,the instruc~
tions of safely devices, punishments for it emd in acci=-
dents). o

2.1. Sybleotg

Pwo groups of experimental subjects were formed { with
equal Ns = 19 men) on one hand, the eleotricians who  work-
ed safely and had had no accldents; and on the other hand ,
the electricians who had had breakings of safety instruc-
tions, punishments for it and who had had accidents. The

8



two groups were matched for the length of service, age quali~
fication and education. The length of service bad to be at
least a year in order to be included in the study. The first
group was conventionally called "cautious" and the other
"breakers".It was presumed that the members of these two
groups differed in their estimation of the effect of diffe-
‘rent electric voltages and that such a difference may be a
practical corroboration to the diagnostic method.

To control the supposition 'about the existence of indi-
vidual differences between "the cautious" and "the breakers"
they all were subjected to tests of temperament, risk-taking,
ego defence, motivation to succeed , as well as the estima-
tion of their social and professional qualities. We saw that
"the breakers" differed from '"the cautious" in greater mobi-
lity of nerve procegses, greater inclination to career and
alcohol, worse attitude towards work and lower motivation to
success (all p ¢ 0.05). All these factors, especially the con-
nection of the inclination to rise in career with lower moti~
vation to success (in accordance. with Fhlers (1964) studies
and their mutual connections, ag it is known from studies
about the paychology of safety -~ (Balint, Murani, 1968), pro-
mote underestimation of dangers, breaking instructions and
higher risk for accidents.The present data also prove it.

2.2, Method and Results

At first, the members of both groups were subjected to the
previously described method to estimate their attitude to-
wards danger. As that method is described in detail in Kotik
(1978a), we report only the final results in the both groups
shown in Figure 1. We can see curves that connect the seve-
reness of accidents (5) and the possibilities of their occuxr-
rence (F%) when the event was estimated as "often".

In Pigure1., two characteristics are to be seen separate-
ly: that of "the cautious" and that of "the breakers". Com-
paring them 1t is easy to conclude that "the breakers" tended
more to reduce the rate of danger. For example "the cautious"
regarded the eyent frequent if the possibility of occurrence
of an injury of average severeness was 20%, "the breakers" re-
garded it frequeat only at 30%. So it was established that

the formerly used method about people's attitude towards
a dangerous event proved to be  useful.
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3. Experiment IT

Now let us describe the experiment that was aimed to prove
the above-mentioned hypothesis: to establish the cogp_tion
between the intensity of electric tension and the words that
were used to estimate that tension.

3.1. Method

All the members of the groups of electricians were instruc-
ted as follows:

"Imagine that you were told to disconnect the conducting
poles in the transformer stall. You were announced that the
poles were without tension. The stall is small, confined and
uncomfortable. With your one hand you have to hold on the
door of the stall, with your other hand you have to discon-
nect the pole. It turns out that because of a "parasitic
chain" the pole has been given a potential. We ask you to de-

" termine by which tension the effect of the electric current
is alwaya:
- mortal
- extremely strong
~ very strong
- gtrong
- neither strong nor weak
- weak
= very weak
- extremely weak
« reduced to nought.

The same instruction was repeated,the experimental gsub-
Jects were asked to carry out the same estimation procedure
but only about the cases when the above-mentioned tension
gives oftan such consequences (mortal, strong etc.).

3.2. Begulta

The data collected in such a way were processed and .graphs
were constructed. These are presented in Pigure 2. On the ba-
sis of these graphs we can conclude that with both instruce
tion variants between the quantity of dangerous tension and
the verbal estimation of its quantity, almost linear relsption-
* ship emerges. The more determined the dangerous effect is,the

~
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bigher is the function U (Q; ) placéd on the graph. Most
like:_ly, if the estimation is carried out on condition that
if the examined tensiorn geldom ocauses the given effects
(mortal, strong etc.) them such a characterigtic «

U (Q:lnt) would be placed lower than that on condition
2ften in the graph. Hence the lower the characteristics of
Figure 2 are placed in the e;r.‘aph, the more determined an
event they reflect. From Simonov's theory (1970) we know
that , as the uncertainty of occurrence of a dangerous fac-
tor grows, 1ts realization appears to become a stronger
emotional event (herg-emotional factor strengtbens as a mar
is less ready to meet danger).

Honce we can make a conclusion that the lower the charac-
teristic is placed in the graph the stronger emotional event
it Gdescribes. :

One must mention that if a word that was chosen to esti-~
mate the frequency of a dangerous event was connected by a
logarithmic relationship with the possibility of its occur-
rence (Kotik, 1977,1978a), then the word that was chosen to
estimate the intengity of the effect of the event proves to
~ be linearly connected with its size (here with its tension).

All these results are well connected with W.Wundt's and
P,Simonov's theories of emotions. W.Wundt claimed that +the
greater 1s dissqtiafaction of the necessity, the degree of
being left without, the stronger are negative ewotions; that
is also confirmed by our study. $imonov (1970) showed that
emotions strengthen the factor of uncertainty, the unexpec-
tedness of occurrance of emotional effects and they increase.
proportionally to entropy (to the logarithm of the possibi-
lity of its expectedness).

4, Discugsion

Ag we could see the first part of our study showed that
by the word that the subject uses to describe the intensity
of the dangerous effect of an event, one can ascertain  the
degree of emotional role of the event for the subject.

We had to prove algo the validity of this method with the
help of the estimations measured by a more reliable method .
Such suitable control may be achieved by the use of our me~
thod to estimate the electricians attitude towards danger .
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The answers about the degree of dangerousness of the tension
given by the members of the both groups were selected from
the whole block of experimental data. The characteristics
are shown in Figure 3.

As we can conclude from the Figure, "the cautious" esti-
mate the danger clearly higher than "the breakers". The cha~
racteristics of "the cautious" U (Q,,) is placed clearly
lower than that of "the breakers" (on the level of the dif-
ference p = 0.99 ; Dixon,Massey,1957).. Only by that one
can conclude. that for "the cautious", the dangerousness of
electric shocks of various degrees is a stxonger emotional
event than <for" the breakers". That conclusion can be 1l-
lugtrated by Figure 3.

The breakers" regarded tension of 90V as very weak but
the "cautious" regarded 1t only weak."The breakers" regarded
it only weak. "The breakers" regarded the.tension of 190V
as only strong but "the cautious” already rated it very
strong. "The breakers" regarded the tension of 260V as very
strong but "the cautious" as mortal.

We. can conclude that the presented diagnostic method to
determine attitudes towards a dangerous event is fixed by
practical control: the experimental subjects who avoid dan~
ger in their practical activities can rather reliabfy be de-
termined as well as described by this method (Kotik, 1977;
1978a). o
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PASBHTUE METOZA OUEHKH OTHOWERWS CYBBEKTA
K OMACHWM MMM TPEBORHWM COBHTHAM

M.Kormk J.J98eap
Pespopme

Hacroamas cTarbs ABASETCA HOBHM OSKCNEDEMOHTANLEWUM NOX-
TBEDEJIGHNGM DaHee BHCRASAHHONK HAME NEeX O TOM, UTO N[O TOMY
E  KAKOMy DasMNTOMY MHOEECTEY CYOBOKT OTHOCNT ARHHOE ONAc-
HO® COCHTHE BOSMOKHO ZMAr'HOCTHPOBATH €r'0 OTHOWEHNE K 3TOMY
COONTED. Ang Taxoll AWAPHOCTHKE IPEXAe MCHOAbSOBAANCH DaSMu-
THE MHOXECTPA 4ac?TOTH ( CYHTaet MM CYGLexRT MOABAEHENE RAHHO-
T'0 ONACHOr'0 COOHTHA "peaEmM", "yacTuM" ¥ T.m.). Hawm  pe-
3yABTATH NOKASHBADT ,4TO OTHOMEHNWE K ONACHOMY COGHTRD MOXET
OmpeneNAThes M NO TOMY K KAKOMY DPaSMyTOMY MHOKECTBY WHTEH-
CHBEOCTR OYAST OTHECEHO 570 COOHTHO (COUTET AN CYOLORT ero
BOSZSCTBEE "CAaCuM", “CHABHNM" N T.n.). BaANAROCTH NpexXO-
EeHHO# MeTOMAKN NPOBEPANACH HA EBYX SHCMEPEMGHTAABENX IDYN-
nax SAEKTDNKOB BHCOKOBOABTHNX cerel. [lepsag rpymna duxa
cjopMEpOBaEA X3 SAGKTDEXOB, KOTOPHO NpeReOPEXRTEABEO OTHO-
CHEHCH K ODACHOCTM (X NONAZaiM B HecuacTHwe cAyuaN. Tecro-
BHE HCCIENOBaHEs] NCOuTYeMuX STOR Ipynny NOZTBEPAMAN XX BH-
CORYD CHIOBHOCTH X DNCKY W HNSKYD MOTEBALND K TPYAY. BO
PTOpO# rpynne GuAN SEGKTDEKN NPNMEDHO TOrC X@_BOSpAcTa N
KBAARPEKAGNN, HO O CPONM NHANBHAYAAbHUM Ka4eCTBAM  MGHES
CKIOHEH® K DNCKY, doZee MOTNRARDOBAHHHE X YCNEXY B Tpyae X
H6 TONARABENE B HECUACTHHE cAyuaM. [[peZNOXeRHas METOZANKA
NOSBOANAS C BHCOKO# AOCTOBEPHOCTED ANANNOCTNPOBATH YK&saN-
" HO® paSANYNG P OTHONOHNN X ONACKOCTN nep»oit X Bropok rpym-
OH ECHHTYOMEX .
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WHAT CAN LATERAL PREFERENCE TELL US ABOUT HEMISFHERIC
SPECIAIIZATIOR IN LANGUAGE FUNCTIONS?

Juri Rosenfeld *

Abgtract. 4 group of non-right-handed (F3?7) and right-
handed (N=34) children ( M=13.7 yr.,range 7 to 18 yr.)
were compared on a number of dichotic measures mapping dif-
ferent components of lateralized language abilities.The re-
sults failed to support the notioh of higher precedence of
the "atypical" cerebral laterality pattern among the non=-
right-handed. However, some of the findings indicated the.
possibllity of the exlstence of sgubtle differences in hemi-
spheric speech organization between the Subjects  showing
left preference in visual domain (in the right-handed group)
extreme left manual preference on the objective manusl late-
rality tests (in the non-right-handed group), and those
tending to prefer right side in both groups.

1. Introduction

At the present time the asymmetry of human cerebral hemi-
spheres' contribution to the psychological processes in-
volving language is a well established fact (Dimond,Beau-
mont, 1974; Harnad et al., 1977 etc.). Although it is gene-
rally accepted that most of us "are speaking with the left
half of the brain®, the specifications about hemispheric la-
terality pattern seems to appear complicated by at least
two factors in every single case. First, by the varying de~
gree of the functional asymmetry in different individuals
(Zangwill, 19603 Luria,1947; Shankweiler,Studdert-Kennedy,,
1975) and second, by the specific contribution of "non-spe-
cialized" in verbal capacities hemisphere to the language
functions (Balonov, Deglin, 1976; Searleman,1977 etc.

How to predict which hemisphere is the more crucial one
for the lsngusge capacities in a given person has been the

*The author wishes to thank his colleagues for their valu-
able assistance and critical comments during the entire pe-
riod of performing the experiments and preparing the Eng-
1ish version of the manuscript. Also special thanks are ex-
pressed to E.G. Simernitzkaya for different suggestions ia
the course of planning and performing the study, and for per-
mission to use her Russian version of the dichotic test in

the experiments. 86



perennial topic of the neuropsychological investigations
gince Boilland's supposition about right-handedness as
a possible reason of left hemisphere dominance in most peo-
ple and Broca's doctrine of the speech-specialized hemi-
sphere as contralateral to the preferred hand (cit. after
Penfield,Roberts,1964).A great deal of evidence has been ob-
tained ever since, indicating that the relationship between
preferred hand and superior in language skills hemisgphere
is not so rigid, especially in case of left-handedness (Hé-
caen, 1962; Roberts,19695Gloning,1977s Davis,Wada,1978 etc.).

Although the left manual preference 1s more frequently
agsociated with "atypical™ dominance pattern, there is con-
siderable disagreement between different authors as to the
degree of left-handedness which allows reliable prediction .
for deviation of the cerebral laterality pattern (see a re~
view by McKeever, . . VanDeventer, 1977). The data about re-
lationships between dominant eye and leading hemisphere
seems to be quite inconeistent as well (Porac,Coren,1976).

In the present study, we are searching for the possibili~
ty to predict definite pecularities of hemispheric specia~
lization in language functions on the basis of the manual
and visual laterality patterns without restricting the con~
cept of the manual preference only to hand dominance in the
everyday sense of the word and the concept of hemispheric
specialization in language only to the left hemisphere' ver—
bal capacities.

2. Mgthoda

Dichotic t e s t. Broadbent's version of verbal
dichotic test procedure (Broadbent,1954) was used for evalu-
ating the patterns of hemispheric laterality., In spite of
numerous experimental data showing great sensitivity of
the dichotic effects to the demanded report strategies(Bryden,
1962) , type of response (Kotik,1975) and acoustic struc-
tures of dichotic stimuli (Berlin, Cullen,1977), most au-
thors agree with Kimura's proposition (Kimura,1961a;1961b)
about "leading ear effect" as being determined by speciali-
zation of the hemisphere contralateral to the "dominant ear”
in verbal abilities (Berlin, McNeil ,1976; Baru,1977). Our
@ichotic test includes ten series of stimuli, each consist-
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ing of four dichotic pairs of monosyllabic words with inter—
vals of 500 ms between the pairs.Within interval of 20 s be-
tween the serles, the Subject had to recall words he had .,
heard (immediate recall -~ IR)After passing ten series he was
asked to reproduce all the words presented to him du.ring the
test, although no special instruction for this task was giv-
en before (delaved regall ~ DR) . DR was followed by the -
task in which subject was instructed to recognize stimuli of
the dichotic teat in a written list of words which also con-
tained semantically and phonetically similar items (racosni-
Lion - B). The whole procedure (IR,DR,R) was repeated with
the reversed position of the head-phones in order to reduce )
posgible channels' inequality in acoustic and semantic para-
meters. ’ : ,

Manuwal superiority tests. A ques—
tionnalre containing 12 items shown to be the most valid and
reliable by Raszknovski et al. (1974) was used to determine
hand preference in evéryday activities.

Begide this questionnaire,the following objective mea=-

sures of manual laterality were used in this study: the
Steingriber's Hand-Dominance test,Van Ripper's test, Cerna-
Zek's test and the comparative evalunation of hand  grip

strength. The Steingriber's Hand-Dominance test makes it pos-
gible to assess the performance of each hand separately in
three motor tasks including line tracing in irregular | laby-
rinth, dot tapping into aligned squares and into randomly
spaced circles (Steingriuber, Lienert, 1971). In contrast,Van
Ripper's and Cernadek's tests are based on the phenomenon of
‘contralateral motor irradiation that is more pronounced from
the dominant hand to the subordinate one. The Subject has to
perform two, in some respect d:Lfferent tasks simultaneously ,
using his left and right hand for different tasks at the same
time. The attention is usually focused on the leading hand's
activity. As a result,the subordinate hand either adopts the
preferred hand' movement pattern (6em5ek's. test) or starts
to produce mirror-inverted movements (Van Ripper's test) .
While performing -~ Cernaex's test (6erna6ek,Podvinsky,19‘?2)a
subjects. try to draw simultaneously the circle by one hand
and the square by the other with both eyes closed. 4s a rule,_
two similar arawings are produced with the subordinate hand's
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drawing resembling that of the dominant hand. In Van Rip-

per's test (Sernafek, Podvinsky,1972) simulteneous draw-
ing of two heart-like figures similarly oriented in hori-
zontal plane are required, also, in eyes-closed condition .
The Subject places each of his hands upon one of the two
cardboard sheet, together composing a two-folded angle. Hé
then draws figures, while the experimenter gradually changes
the angle between the cardboard sheets. At a certain angle,

one hand usually inverts the drawing's orientation. If  the
adoption and the inversion of the drawing were doubtful or
did not appear at all, we scored such data as ambilateral.

In grip strength evaluation we considered the results am-
bilateral if the difference between the hands was less than
2 kilograms of pull. Besldes the above-mentioned laterality
tests, we used indirect indicators of hand dominance chosgen
from Iluria's test battery (Luria,1969): interlacing of the
fingers, the arms folding on the chest, the position of the
hands while applauding.

Other laterality tesats. Our ques-
tionneire also included two most valid and reliable items
indicating £oo% preference in everyday activities (Baszk-
novski et al., 1974).

For the dominant eye evaluation three highly intercorre~
lated tests were chosen from Coren and Caplan's study(1973):
pointing test, Asher test and hole test. Also, eye dominance
test from Luria's battery that is nearly analoguous to Coren
and Caplan' "alignment test" was included.

Begides, our battery coutained +the timg~gharing proce-
dure and the "rhythmical probe". The "rhythmical probe" is
based on the notion that dominant in language functions he=
misphere may be crucial for producing rhythmical sequences
through the contralateral motor pathways (Wolf et al., 1977).
In our "rhythmical probe", the Subject had to produce  the
rhythms of varied complexity by one band, while tapping with
the other. We determined a relatively optimal position for
rhythm producing without total adasptation of the rhythmical
pattern by 1:.he hand engaged in tapping. As has been shown in
Peter's study, the independent in rhythmical sense tapping
was possible only when the left bhand in a group of right-
handed people was used for rhythm production (Peters , 1977).
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Therefore, in condition of optimal labour division between
the hands for independent rhythm reproducing, we consider
the hand engaged in tapping as dominant.

Our time-sharing procedure was the modification of that
proposed by Lomas and Kimura (1976). They have reported se—
lective impairment of sequential finger movements while re-
peating nursery rhymes that appeared to be more promounced
on the hand contralatersl to the dominant hemisphere. It
seems, however, that nursery rhymes are of somewhat ambiva-
lent value %o be used in unilateral hemispheric overloading
tasks, -because such kinds of verbal activities are  likely
to demonstrate high level of automation and consequently
may rely upon the right hemisphere's structures (Segrleman,
1977). Therefore,a sentence with quick alternation of oppo-
sitve consonants from word to word (Cama mia no wWocce o CO-
cana cywxy) was used as a verbal interference task in our
time-sharing procedure. Before thé test, the Subject had to
pass through two training trials in order to reach the cri-
teria for participation in further procedure. Firstly , he
repeated the sentence in interference~free condition with~
out any misarticulation, at least once. Secondly, the Sub-
ject had to produce sequential finger movements from  the
little finger to the thumdb until he was able to perform it
without mistaekes at least three times. The second training
trial was administered to each hand separately. In the test
trial, the Subject, with closed eyes, was instructed to re-

peat the sentence four times while trying to produce se-
quential finger movements (by one hand at a time).More than
one misarticulation, the alternation of the finger move-
ments' direction and an appearance of tripple finger syn—
ergies were considered as criteria for the occurrence of

interference. The interference effect was interpreted in ac
cord with Kinsbourne and Cook's hypothesis attributing its
occurrence to the competition of the two concurrent acti-
vities in the verbally dominant hemisphere (Kinsbourne ,
Cook,1971).The more pronounced impairment of one hand per-
formance was considered to reflect, therefore, the‘specia-
lization of the contralateral hemisphere in verbal produc-
tion.

t
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3. Subjects and Procedure

Subjects were children ( Mz1%.7 yr., range 7 to 18 yr.)
from a local secondary school chosen on the basis of their
self-identifications and information from teachers about
their hand preferences. Two opposite handedness groups were
derived from the total of 71 children (56 males, 15 fema~-
les) relying on the criterion decribed below. Non~right and
right preference groups consisted of 37 and 34 children Tre-
gpectively.

In order to reduce possible genetic influences on the
cognitive performance, the Subjects lacking left-handed per-
sons among close relatives were included into the group
of right-handers. Nobody reported any problem in hearing,
vision or msnual performance. .

All Subjects were tested individually. Hand order was
counterbalanced within the groups in the tasks where re-
sult might have depended on the hand initiating performance.

4, Scoring

For the laterality tests, all scores, whether in pat-
terns of inversion (Van Ripper's test), kilograms of pull or
indicated manual preference in response to the handedness
questionnaire ,etc.,were evaluated in trichotomized manner
with possible scores ranging from - 1 (completely left)
through O (ambidextrous) to + 1 (completely right).

Handedness classification was based on the summation of
the answers to the inventory. A Subject was classified as
right-hander only if the right hand usage was indlicated for
at least 10 different activities. Otherwise, he was regarded
as non-right~hander.

The scores of 6 objective manual laterality measures were
summed up to calculate the composite Manual laterality In-
dex. The same was done in this respect to the 4 tests of vi-
sual dominance, 2 questions concerning foot preference and.
indirect laterality measures from Luria's battery that sepa-
rately composed complex indices of Visual Dominance, Foot
Dominance and luria's Complex Laterality Criterion.



v

Although not all of our tests included in  the compo-
site manual laterality index may be regarded as pure m a -
nual preference indices, there seemg to be at least two
reasons to compose such complex measure. Firstly,none of the
. single objective laterality measures appeared to be signifi-
cantly correlated with dichotic test performance and second-
ly, all of them ascertain laterallty patterns through some
kind of ganual performance . -

The Laterality Goei‘ficient(ﬁ x 100% )was used
for evaluating "Right Ear Advaentage” of the IR, DR and R
in dichotic task. Rc and Lc are sums of the correct scores
on the right and left side, respectively obtained in two ses-
gions that differed in head-phones position.

The mean of the "double correct reaponse'(DCR) for the two
sessions was calculated. By "double correct response" we
bear in mind two correctly recalled words ¢ in Immediate
Recall) that were simultaneously presented in concurrent
channels. It ie believed that the ability to process sig- -
nals that overlap temporally and spectrally with one an-~
other may indicate improving brain efficiency (Berlin,1977).

5. Regultg

Table 1 shows the means and standard deviations(SD) of the
Laterality Coefficients and composite laterality indices for
each group. The following means were found to be significant-
ly different for the two groups: the handedness inventory
scores (t = 9,3, af = 69, p < 0.001), Manual Laterality In-
dex (t = 5.1, 4f = 69, p ¢ 0.001), Vigual Dominance Index
(t = 2.8, df =69, p < 0.01) and Foot Dominance Index (t=6.3,
af = 69, p <€ 0.001). C .

It is apparent that all complex laterality measures indi-
cated patterns of lateral preference in the,groups in
the expected direction, with the exception of the .Luria's
Complex Laterality Criterion that did not differ Dbetween
the groups. .

Among the indices used in dichotlc test, the "Double Cor-
rect Response” was the only significantly different measure
between the two groups (t = 2.36, df = 69, p { 0.05).

Within Subject comparisdn of the mean Laterality Coeffi-
cient revealed significant differences between the Immediate
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and Delayed Recall (t = 2.4, df = 33, p < 0.05: in Bight=
Handed Grouwps t = 2,9, df = 36, p < 0.01¢ in Non-Right-
Handed Group), and between the Immediate Kecall and Recogni-~
tion (t = 2.6, af = 33, p < 0.02¢ in Right-Handed Group }

%t = 3.0, 4f = 36, p ¢ 0.01: in Non-Right-Handed Group). This
decrement in "Right Bar Advantage" due to the changing from

. response type to another is consistent with previous obser-
vations (Curry,Ford,1967; Kotik,1975) attributing this .ef-
fect to the right hemisphere equal involvement in such kind
of performance.

Tqbles 2 and 3 present the distribution of the positive,
negative and ambilaterality scores of Laterality Coeffi-
cient in Immediate Recall as a function of the age and sex.
We assumed a conventional value for the ambilaterality scor- .
es to be equal to 13. All scores that exceed that value were
regarded as negative or positive depending on the direction
of the deviance.

Table 1.Group Means (M) and Standard Deviations (SD) for
the measures of Dichotic Performance and Compo-
site Laterality Indices for Right-Handed (R) and
Non-Right-Handed Group (NR)-

5 SD Xnax *nin
R KR ___R NR R NR R . NR

—— e ——

I, IR ‘7.4 10.1 21.8 17.7 64.2 63.1 -58.6 -38
2. DR =041 0.4 17.1 24.5 40 50 -37.9 -66.8

Group:

3. R 1,3 0.7 13.5 17.5 ‘33.5 B4.6 =31.2 =23
4, DCR 4.4 3 2.6 2.4 10 8.5 0 )
5. B 11.9 2.9 0.6 5 42 9 10 -2
6. MII 3.6 0.5 1.4 3.3 6 6 1 -6
7. D 1.8 =0.4 3.2 3.4 & 4 -4 -4
8. ¥D 1.7 =0.2 0.5 1.7 2 2 -2 -2
9. ICIC 1.3 0.6 1.5 2 3 3 -3 -3

IR -~ jmmediate recall, DR - delayed recall,R - recogni-
tion, DCR ~ "double correct response", HS - handedness score,
MII - manual laterality index, FD = foot dominance index,VD -
’ ~ visual dominance index, ICIc - Luria's complex laterality
criterion,xmax and X, .~ maximal and nin:l.!.nal regults that oc- -
cured in the two groups of subjects.
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Pable 2. Number (and Percentage) of Subjects in each group
(Right-Handed -~ R, Non~Right-Handed - NR) with ambi~
laterality (£3), negative (< -3) and positive (>+3)
scores of the Immediate Recall in Dichotic Perfor-
mance as Function of Sex.

>+3 (-3 ' 33
GrOIIp R NR NR R NR

R

z £ _f % £ % ¢ % f % 2%
.8 4 66,6 6 66.6 2 33.32 22,20 1 11.1
7
9

2. 17 60.7 17 60.7 25 6 21.6 4 14.3517.8

Total 21 61.7 23 62.1 26.4 8 21.6 4 13.9 616.2

Table 3.Number (and Percentage) of Subjects in each group
(Right-Handed - R, Non-Right~Handed - FR) with ambi-
laterality (¥3), negative ( € -3) and positive (O+3)
gcores of the Immediate Recall in Dichotic Perfor-
mance as Function of Age.

Age £9 yr. 10-14 yr. 14,5-18 yr»
Group R IR R R R NR
£t % £ gz £ % £ % £ % £ %
1043 1 33.3 3 50 7 53.8 41 84.6 13 72.2.9 50
2.¢=3. 2 66.6 1 16.62 15.3 1 7.7 5 27.2 6 33.3
3. %3 o0 2. 33.3 4 30.7 1 9.9 0O 3 16.6
Total 3 6 13 13 18 18

Table 4 displays intercorrelations among the different
measures of the lateral preference and Ilaterality Coeffi--
cients of dichotic performance.Positive relatiomshipa be-
tween the Immediate Recall and Delayed Recall (p < 0.05), ne-
gative correlations between the Recognition and "Double Cor-
rect Response” (p <0.05),Visual Dominance Index and Recog-
nition (p < 0.05) in Right~Handed Group were found out.In the
Non-Right-Handed Group, three measures of the dichotic per-
formance were positively intercorrelated: Immediate Recall
and Delayed Recall (p ¢ 0.05), Immediate Recall and Recogni-
tion (p < 0.05), Delayed Recall and Recognition (p < 0.05) .
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Table 4.Intercorrelations (Pearson r ) for measures of Di~
chotic Test and Composite Laterality Indices for
Right-Handed (upper right triangle) and Non-Right-
Handed (lower left triangle) groups.

IR DR R DCR HS MW FD VD ICIC

1.IR - 0.46** 0,26 0,11 =0.04 0.1 =0,1 =0,03 ~0.03
2,0R  0,59** - 0.03 =0,02 =0,22-0.06 =0,02~0,07 ~0,08
3R 0.33* 0,36° « =0.36*-0,07 0,12 0,01~0,33* 0,07
4,DCR =0,22 0,03 =0.07 =  0.25 0,23 =0,18-0,09 =0,14
5.H8 -0,01 0,10  0.31* 0.32* - =-0.14 0,12 0,24 0,14
6.MLI 0,05 0,14 0,00 =0,42*20,14 = 0,1 =0,24 0.15
7.FD ~0,07 =0,02 0,18 0,23 0,43°*-0.01 ~ =-0,01 0.3
8.0 0,00 0,25 0,22 =0,06 =0,22 =0,01-0,12 = 0,18
9.ICIC 0,40°%0.18  0.21 =0.28 =0.11 ~0.14=0,29-0.04 =

* - p £0.05
(1)

- p £0.01
IR - immediate recall, DR - delayed recall,R - recogni-
tion, DCR ~ "double correct response",HS - handedness score,
MLI - manual laterality index, FD - foot dominance index ,
VD ~ visual dominance index, ICIC -~ Luria's Complex Laterali-
ty Criterion

The correlations in that group between the Foot Dominance

and Handedness Score (p € 0.01), "Double Correct Response"

and Handedness Score (p { 0.05), Recognition and Handedness

Score (p € 0.05) were found to be positive, and strong ne-

gative correlation between the "Double Correct Response" and
Manual Laterality Index (p { 0.01) was revealed.

6. Digcusgion

In general, our results failed to confirm the more fre-
guent occurence of "atypical” g¢erebral laterality pat'berns
among the non-right-handers as compared with the right~hand-
ers in a given sample.These data are consistent with Fennsl
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et al. (1977), who have employed the dichotic stimuli that
were very similar to those used in our study,and with Phn;
field and Roberts' (1964) conclusions based on the direct
examination of the cerebral laterality. It seems that  the
lack of inter~group differemces could not be explained by
the groups' heterogenity with respect to sex and age. How-
ever, the studies regarding the influence of sex and age on
the dichotic performance are controversial (lake,Bryden ,
1976; Porter,Berlin,1975; Hynd,1977; 1979). The . inspection
of the Tables 2 and 3 makes it clear that the effect was not
revealed in our results. Even, if we hypothetically assume
the existence of the influence of sex and age this must ap-
pear in excess of the bilateral cerebral patterns Jjust in
' the non-right-handed group, because of the higher precedence
of females and younger subjects in this group relative to
the right-handed group. And this would enhance differences
between the groups in the expected direction (more frequent
"atypical" among the non-right-handers). Within Subject dif-
ferences in the Cerebral Laterality Effect between the mea—
sures of dichotic performance used once more indicated  the
short-sightedness of regarding the left hemisphere as the
exclusive organ for language. Non-right-handed as well as
right-handed subjects showed similar bilateral patterns of
hemispheric specialization when the processes of involuntary
memory (Delayed Recall) and passive recognition were empha- °
sized in the task. This is in agreement with Simernitzkaya's
results indicating right hemisphere involvment in the
Ainvoluntary retention of the verbal material (Simernitzkaya ,
1975). ’

It is of interest, however, that unlike the right-handers,
non-right-handers showed laterality scores in recognition
that appeared to be correlated with immediate and delayed re-
call scores (Table 4). This may point to differences between
the two groups in the dynamics of Right Ear Advantage change
in various response conditions and, comsequently, to subtle
differences in cerebral 6rganization of the language fune-
tions. Specifically, pon-right-handers may still rely more
heavily on the "dominant" hemisphere structures while perform-
ing the dichotic tasks where the involuntary retention
and recognition are substitute for the active recall. Indeed,
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lack of the differences between the two groups in laterality
scores need not be necessarily extrapolated to all the 1le-
vels of such higher order cortical function as language " is.
They may still exist beyond the sensitivity of certain dicho-
tic laterality measures. For example,Obrzut et al. (1979)
have found discrepancies between the cerebral laterality pat-
terns obtained in dichotic and time-sharing procedure with
disabled children.

The explanations in respect to the "Double Correct Re-
sponse™ seem to be less challenged when based upon the Pear-
son coefficient,than on the means,because the former takes
the Subjects' age - the critical variable in that measure
(Berlin,1977) - into account.The negative correlation be-~
tween the Manual Laterality Index and "Double Correct Re-
sponse™ in non-right~handed group may indicate higher brein
efficiency in persons that tend to demonstrate the extreme
left manual preference. It is posaible that this populatiom’
displays more bilateral representations of certain CORpDO~-
nents of the.verbal abilities that,although not discovered
by laterality scores, may facilitate the retention. of the
concurrently presented dichotic signalas by ensuring the sto-
rage of the non-dominant unn.se that does not interfere
with the dominant one.

48 1t seems, the negative correlation between “"Double

" Correct Response” and Becognition in the right-handed group
may hint at the exlsting of the right-handed Subjects show-
ing the bilateral ceredral pattern similar to that described
above. Indeed, the more concurrently presented stimuli are
reproduced by the Subject, the more enhanced becomes the
asymme try indicated by his recognition score, and therefore
it is more likely that the hemispheric asymmetry would not
be reduced by changing the response conditions in dicho-
tic procedure that may be salient,as it was supposed, %to
the non-right-handera.

Pogitive correlation between the Luria's Conplex Laterali-
ty Criterion and immediate recsll in non-right-handers and
negative correlation between the visual dominance and Recog-
nition in right-handers may be interpreted along the same 1i~-
nes,l.e.as showing that left lateral preference increases the
probability of the hemispheric laterality to approach the pat-
tern expected to be more frequent in norn-right-handed group .
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There are two correlations that apparently contradict our
conjectures: between the Double Correct Response and Hand-
edness score, and between the Recognition and Handedness
score. One pogsibility is that Handedness Inventory and Ma-
nual Laterality Index measure different aspects of the Ma-
nual Iaterality phenomenon, as it is comfirmed by lack of
correlationg between these two tests in both groups.Eowever
great the temptation to prefer objeotive measures of latera~
11ty to.the subjective ones on the experimental grounds is
(Benton,7962), 1t can be argued that a more confident an~
swer regarding these discrepancies may be given only when
these data are compared with those obtained by more direct
examination of hemispheric laterality. '
To conclude, the results reported here do not support
the notion of more frequent precedence of the "atypical” la-
terality pattern as revealed by means of the dichotic para
digm in the group of the non-right-handed subjects. Al-
though there appeared to be evidence for subtle discrepan-
cles in hemispheric organization of the language functions
between the subjects tending to prefer left and those pre-
ferring the right side in both groups, it remaing still a
bypothesis at this stage of study. Although this is pos-
sible, several findings argue against such an explanation.
More gerious experiments are needed to support or reject
the speculations offered above.
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910 MORET NATEPANLHOE [PEZNOYTEHHE CEASATH HAM O N'EMUCOEPN-

YECKOY CUEIMAMMSAUMY B .PEYEBHX QVHRIMAX?
D.Posendeasa '
Pesvoue

T'pynnu npasweit ® Aepwed, onpereAeHAHX Ha OCHOBARWN BON-
POCHMKA MAaHYANALHOTO NMpEeMIOUTEeHMs, CPaBHWBaIKWCH MO PRAY
00BERTHBHHX TECTOB AATePalbHOCTN M NO 4 NMOKasaTeldtsM ANXOTN-
yecKoft npouerypu. CYRECTBEHHuX pasAmuni MeR Ry rpyuniuu B no-
IywapHO# peueBOik creunaAfsauun OGHADYXWTE HE YZAaX0CH, XOTH
B 0deEx rpynnax BepOATHOCTh OCHADPYXEHHA B HMX ATNNXYHOTO
naTTepHa noaymapHO# cheqHanW3auMy BO3PACTAAR C YBEANUGHMEM
CTENEH¥ NEeBOCTOPOHHEIO NMpENNTOYTERHA,
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GHENBRSIS OF A SUBJECTLIVE IMAGE*
Talis Bachmann

If I chose -the action,don't
you therefore think yet that
sensual apprehension is
unknown terrain for me.

N 4,.Camus

Abatragt. The present article gives an overview of microge-
netic research in the form more close to an essay than a
technical research paper. The various theoretical and me-
" thodological aspects of the problem, including interrela-
tionships of microgenetic phenomena with information - pro-
cessing, psychophysioal, and neuropsychological paradignms,
are dealt with. The problem is discussed in an evolutionary
context. The author reaches conclusion that the present sub-
Ject matter seems important enough in order to care for its
revival among the psychologists, working within currently
popular paradigmatic trends of perception research.
1. Introduction
Behavioral sciences have been dealt with three types of

genetic processes: the phylogenesis, the ontogenesis and
the microgenesis. At the time of the first two concepts :be-
ing well-known, the concept of microgenesis (or German "Ak-
tualgenese") is relatively leas familiar.It refers to the
process which is lesa durable and could be embraced by a
definite situation. Microgenesis might be termed as the ori-
gination and formation process of some behavioral act,given
psychological state or reaction which is fixed by an obser-
ver (experimenter) and which goes through a geries of

[] ’

The original Estonian variant of this article was pre-
pared for the presentation during the celebration of the
400th birth anniversary of Prof, Konstantin Kamul (1879-
1995), the founder of the Laboratory of Experimental Psy-
chology at Tartu University. The special kind of the parti-
cipants of this celebration, including nonprofessionals,de~
termined the popular style of this article.

’
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specific observable phases. One example of this kind is +the
process of subjective image (percept) genesis.

At first moment, one may feel that perceiving of surround-
ing world could be understood as a phenomenon of instanta-
neous, direct, immediate raflection. More exact experimental
measurements demonstrate, however, that such an "immediacy”,
common to everyday introspective perceptual experience,turns
out to be misleading. The percept in its differentiated, ade-
quate and clear form is the percept in its final bhan of
formation. Mogt expressively it comes to the fore with = vi«
sual Derception. We may use the next analegy:Beginning witly
the first moment of influence of a complex of external stime-
1i (appearence of an object or stopping the suo'én a asw
stimulus) up to the adequate subjective reflgction the per-
ceptual image "matures™ analogically with the development of
a photo on a sheet of photographic paper after putting i4
into the developer. But as such.a process at the memtal le-
vel is completed incomparably faster (approxisktely 0.1-0.4 ‘
secouds), then, as a rule, 1t remains elusive for introapec—
tion. In order to investigate the microgenesis of the percep-
tual image we must use the special apparatus (e.g. tachisto-
scope) or special conditions of observation. ' '

What is the reason of paylng attention to such an “exotic”
topic? It geems to us that while the hoat of current re- -
searchers of perceptual problems are im one or another ' way
engaged in the information-processing research including de~
termination of temporal stages of successive data precessing
operations, nevertheless, most of them approach the problem
according to the "neoclassical” Broadbeantian scheme almost
totally. excluding the very specific form of psychologioal
subject-matter - the psychic, subjective reality.Indeed, it
has gome merit to consider mavy of the approaches of cogni~
tive psychology as quagi-behavioristic. The present article
tries to outline some characteristic features of microgene-. .
tic research which may point to the poseibilitles of inte-
gration of some relatively independently developed cognitive-
psychological' paradignms.
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2. Op the history of the problem :
.Alongside the concept of "microgenesis", the development

of subjective image is described in terms such as "microde-
velopment™, "formation of percept”, "the growth of an image",
*"the phasic  nature of perception™, "the principle of gra-
-duality”, "the maturation of percept","the build-up of an
image”, "the clearing-up process" etc. It should be stres-
sed that the. phenomenon of microgenesis must not be con-
fused with the well-known principle of latency (delay) of
mental processes. Here we have not to do merely with the tem-
poral interval between the appearance of a stimulug and a
response following it but we have a sequence of reactions be-
ginning with most primitive and ending with the accomplished -
ones. Not so much a delay between the stimulus and the
evoked responge in the form of subjective image is examined
as the change of the subjective image itself in time is ana-
lysed. ' :

.In the present context, the investigations by Donders
from the 1860ies in the area of reaction time research
shoul( be emphasiced. Donders differentiated betwsen  three
classes of reaction ﬂnu'according to the subject's task -
A, B, and C,.roqp. detection, detection~identification~res-
'pomse choice, and detection-identification. His investiga-
tiens are close to the microgenetic domain due to the  sub-
trection method introduced by him. In order to measure  the
durations of different mental p. ocesses, Donders subtracted
the reaction time of one kind from the reaction time of an
other type. Yor ezinplo, to find the time needed for the com-
"pletion of the process of identification, it was necessary to
. gubtract the type A reaction time from the type C reaction
time. The time of response choice might be obtained by the
subtrection of O from B (an example from Donders: 284 - 237 =
47 msec). These investigations enabled to specify the tempo-
ral structure of the classical array of. psychological opera-
tiong. This array, as we know, consists of detection,recogni~
tion-identification, response choice, and exscution of re~
sponge if to mention the basic ones. But what the sequence of
subjective perceptusl states in time is like is not answered
_ by Donders' methods. (The subtraction method is criticized by
the school of O, Kilpe and among the contemporary  psycholo-
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gists the American researcher S. Stermberg also objected to
this method. The last investigator in turn offered a method
of additive factors which however remains out of the scope
of the present text).

Besides Donders, one of the most important researchers of
the previous century who considerably influenced the studies
of the problem of microgenesis was the Russian psychologist
" Nikolai Lange. In his monograph from.1893 (Lenge,1893)* one
may find several important ideas which were reformulated not
until the middle of the present century. As a result of his
experimental and theoretical work Lange reached the  next
stendpoints, After generalization upon the research data of
Wundt, Exmer, Donders and himself he concluded that the clas-
sical array of psychological processes should be based on one
general legitimacy - on the so-called "law of perception” .
“Every process of perception consists of extremely rapid al-
ternation of several moments and stages, and each précedins
stage represents less concrete, more general psychic state
while each next onme - more concrete and differentiated state”
(lange,1893) .Lange differentiates between four different
stages: First, the "incitement in consciousness" without any
definite quality is perceived ("something happened"), Fur-
ther on the perception of modality without definite quality
follows. The third stage consists of' the perception of gua=-
lity without form characteristics (e.g. what coloxj or gize
or sound is characteristic of an object or stimulus). The
fourth stage finally grants thut the exact form and fine lo-
calization are perceived. "In these stages of consciousness
...the parallelness with the stages which daveloped im  the
process of general animal evolution should be seen: along
with the differentiation of the sense organs and nerve cen-
ters, ever more specific qualities of things beceme evident
to the consciousness of animals exactly in parallel with that, -
about which the above-mentioned principle speaks when  deal-
ing with an individual consciousness. Analoguously to the

* .
. In order to be more precise it should be noted that the
contents of this monograph had been preliminarily published
already in 1892 in the four issues of the Russian journal
Ercblema of Philogophy and Paychology,vol.IIT and 1t
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mode by which the human embryological development repeates
during some several months the stages traversed once along
the general development of the kin , the -individual percep-
tion repeates by several tenth of second the stages which de~
‘velopoél within millions of years in the general evolution of
animals® (Lenge, 189%,p.2). So Hikolai Lange should be con-
sidered as one of the first formulators of the n:l.crogenetio-
phylogenetic principle of isomorphism in the aapect of per-
ceptual psychology. Running ahead it should be said that
this principle applies well to the treatment .of semantico-
linguistic material either. In parallel with the formation
of the linguistic correlates of perception at the latest
gtages of phylogemesis the semantic (including verbally oa-
tegorial) aspect of perception of an outer stimulus
reaches congciousness at the last stages of microgenesis.
With respect to the problem of percept genesis auch 19th
century authors as J.M.Cattell and N, Baxt were also influen-
tial through their experimente on temporal perceptual pro-

~ cesses.

'Beginning with the firat years of the preaent century
the schools paying attention to microgenetic problems have
developed in Russia (later on in the Soviet Union), in  the
central Burdpe (mainly in Germany and Italy, less in BSweden
,and Prance), and in America. If Donders and Lange WeTe wmain-
ly engaged in the analysis of the array of general mental re-
actions, then later on the problem of microgenesis of . form
and scene perception was focused upon. In other words - one
(or two) stage(s) from the classical array were taken and the
investigation of their own temporal dynamics became the re-
search subject in turn. In Rugsia such works were done under
the supervision of Bechterev (Nikitin,1905) and afterwards
this trend transformed into the leningrad school (Lomov, Vek-
ker, Aleksandrova, Zabrodin, Loskutov,Panferov, Varskij, et
al.). Gestalt psychology was mainly the theoretical basis for
an analoguous work in Germany and Italy. The most outstand-
ing of this was the Leipzig branch of gestaltists with their ,
leaders Felix Kruger and Friedrich Sander. They and their ma-
ny followers and colleagues (Carl, Dun,Galli, Hausman, Man-
tell, Undeutsch, Werner, Wohlfahrt, et al.) were first to ex-
plicity speak of microgenesis (German equivalent - Aktualge-
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nege). The peak of aotivity of this school belongs to  the
period 1930-1945. In addition to the two above-mentioned
schools a number.of psychologists - microgenetic researches
can be listed who did not form independent achools and who
did not always spoke.explicitly about microgenesiss in Anglo-
Amsrican literature ~ Bridgen, Cheatham, Davies, Diockinson,
Dodge, Douglas, Drury,Fehrer, Plavell, Draguns,Freeman, Hel-
son, Ogden, Rogers, Wever, Wilcox, Zigler,McFarland, Kaswan,
Young, Vernon, Dixon,et al.; in Japan - Hayami,Tanaks,Tomoda,
Xanekos in-Sweden - Emith, Kragh,Borg; in Belgium - Michotte;
in Australia - Day, Kirkham,et al. The works of the enumerat-~
_ ed psychologists belong mostly to the interval <from 1907

(Dodge) to 1960, In Tartu State University the investigationk
of microgenesis have received attemtion too. In 1930-ies a
Doctoral dissertation was written by R, Hippius on the = pro-
blem of "Cognizing Touch" in which several stages of percep-
tual experience were outlined. Before the analoguous work in
Leningrad University was begun, K. Aleksandrova worked on
the microgenesis at Tartu University. Under her supervision.
geveral course- and graduate theses were prepared. The well-
known report at the all-Union Paychological Meeting in 1955
introduced the microgenetic work from Tartu State University
(Aleksandrove,1957). However, already in the nineteenth cen-
tury, the investigationgclose to the microgenetic  domain
were performed in Tartu by the famous E.Kraepelin who worked
in our University until 1891. Though Kraepelin worked as psy-
chiatrist and although there was not any special psychologi-
cal laboratory, he and his colleague and followexr professor
V.F. 8zisz, who both had been students of Wundt in leipsig ,
supervised several purely experimental psychological works
(including doctoral dissertations). To mention one of them
for instance: K.K,Dehio,1887, "Investigation of the relative
influence of cofein and tea on the duration of mental pro-
cesges".,

What is, then, the principal scheme of a microgenetic in-~
vestigation? The works of the previously-listed authors are
very close to one another in this respect. In all of them
the data about Aktualgenese is obtained by the systematic
(step-by-step) improvement (or impairment) of subject's view-
ing conditions and by the fixation of the perceptual quality
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characteristic to each stage or phase. As stimuli the geomet-
ric forms, words, pictures of certain scenes or objects ,
outline drawings, random patterns etc. have been used. The
task of the subject consists of recognition-of exposed sti-
mulug, of the drawing of it, or of the estimation or scal-
ing of some qualities of the stimulus. In any case the task
should be of this kind, on the basis of which it would be
‘possible to fix or specify the mode of perception proper to
the given perceptual conditions. The main methods are: alter-

ation of the exposure time, changing of the luminance, de-~
creasing of the speed of movement of a stimulus, systematic
optical focusing of the blurred image (or vice versa),alter-

ation of the slze of a stimulus as measured in degrees of
" vigual angle, moving of a stimulus from the visual periphery
‘to the center, increasing of the gpeed of successive presen-
tation (temporal integration) of the elements of an  image,
masking, successive scanning of the visual pattern by the
spatial window of different dimentions, repetitiocn of the
temporal frames of a stimulus, stabilization of the retinal
image (with special empbasis on fading-reappearence), percep-
tual testing at the different phases of recovery from neuro-
psychological damages, auditory loudness modification, etc.
The overview of these works could be found in the writings
by Lomov (1966), Flavell and Draguns (1957), Smith (1957) ,
Eragh and Smith (1970), Vernon (1937), Zusne (1970), Murch
(1973), Forgus and Melamed (1976), Draguns (1978). The pre-
viously listed different methods have lead to the surprising-
ly similar sequence of microgenetic stages obtained by dif-
ferent authorg. To illustrate the phases of microgenesis we
would introduce a table from which the examples of phase or-
derings outlined by different investigators can be found .
From the great deal of such examples only some of the typi-
cal oneg are used. .

As we can see, different researchers with different me-
thods have revealed the principally coinciding sequence -
‘porception develops from general, nonspecific quality to +the
concrete, differentiated one. The continuous approach to the
adequate reflection is taking place.
Many psychologists have payed attention to these stages of

microgenesis, at which the image might be interpreted in se~
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Author and the

Phaseg of miocrogenesis

Jear of
publication ) P
(improvement of perceptual conditions)
ltnﬂ.g Perception of Detection Specification of Indistinet Exaot . Idea,not Complete
1905 diffuse dackground of n.pu single lines form fregments clear form similayity
v?y Laght Threshold of , , Thyeshold of
1956) threshold * indefinite form definite form
Zigler Lack of Yormless Formlike . m-tingt
oz al. figure tigure figure . (clear) figure
1920) i :
Dz:g;’ Sensory phase Bxploratory phase: Interpretation phase
m’ I-onl of m Toeptive z-oo tive 8 of eptive
-’3929 szl.uu extent cul:s't tbigmn f::ﬁi z;rzsgeomiuon
pomo p‘roo . of the object
D%Ann"‘% on Visunl pnmn Generic object Specitic object
Updeutgch Diffuse undiffe- Vague dl.ftcunﬁaﬁ.,on m-a- Clear
ety rentiated wnit of figure fyom " the pee mgl ) pervept
: background (Gestaltgerust) (Vorgeshalt. .
Bo?b Frimitive, ulmu% Nonsensory dirtcunmﬁea of . Tdentitication,
. 1949) determined unity (figure-ground) figure. £rom backgroun . _ assocolations
I?ov' anmﬁu of 'lnckou.u" Differentiation of GXol ndnquto Optimal
- (1966) nerel proportions -phase details in general . pexoep peroeption
.?r;lvl’ ) Dch:m of - Wonspeoific figure Differentiated cbject ' Bpecific object ¥anipulation
Detection of Disorimination of unified Resolution of fimer , Tdentification Manipulation
loh-o& energy trightuess, figural unity  details, differemtiated and
(1976) and orieatation figure recoguiticn
Ba hn’ Senseo analysis H» - 3
21977 8 e o 7-obgoc tive - -ynthalil' > P
Conerete iaage “Tepresentation P —memccaun)
Adbstraoct iaage Tepresentsation Per——P




veral different ways without alterations in physical con-
ditiong of exposition. 4s a rule, this multistability meni-
fests itself at the intermediate phases. Lomov (1966) term-
ed one such phase as the "flickering" phase: in the case of
an invariant stimulus, e.g. outline square, the. subject per-
ceives a triangle in one occasiom but ring in another occa-

. sion etc. Buch a variation of interpretations or ambigulty
resonates well with the standpoints of Jerome Bruner or Ri-
chard Gregory on the hypothesis-testing nature of percep-
tual act: We can perceive the smounding stimuli according
to the percepml hypotheses which come into action due .to
the cooperstive effect of the aotual stimulation and  the
long~-term perceptual experience.

In order to illustrate the categorioal, and at the be~-
ginning stages hypothetical, nature of perception, Brumer
and Potter (1964) .carried out the next experiment: The slid-
es of the familiar objects initially defocused (blurred )
were shown to ‘!:he subjecte with the stepwise focusing of
‘the pattern and with the sufficiently thorough analysis of
the subjects' responses, A paradoxical result became evident
'ghowing that the more the subjects saw out-of-focus pictures,
the higher had to be the level of clearness of the plcture
in order %o recognige it. The authors concluded that the
higher the duration of exposition of that stages of clear-
ness which lead to the wrong interpretations, the stronger
the perceptive set to see just those perceptual variants
corresponding to the preliminary hypotheses. And, of course,

these preliminary ideas need not correspond to the reality.
-The  already olassical work of Nilkitin (1905) threw

1ight on the problem of perceptual hypotheses. In his expe-~
riment several, different contoured drawings were tachis-
toscopilcally shown to a subject with ever increasing expo-
gure times. In the course of investigation the phases of
perception degcribed in the table turned out. The method
included subjects drawing of their impressionm. Special at-
tention was drawn to these end phasea! where the glear per-
ception of fragments and whole parts of figure preceded to
the vague form perception given that in the latter case

the idea of form category not corresponding to the actua~
1ity had “peen cropped up. This might be considered as a
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peculiar example of maaking where the analysis of the per-
ceptual category might restrain the analysis of the physical
form of the same object. With the formation of the hypothe-
sis about an object in whole this hypothesis becomes a
leading factor of perceptual process and.the physical form
reaches its adequate representation in awareness only if the
conditions of exposure are already sufficiently favourable
and if the hypothesis is adequate. One of the general laws
of perception could be formulated ag follows:With favourablsg,
easy, unequivoocally determined conditions of perception (suf-
ficient observation time, sufficient energy of stimuluas,
dentral projection of stimulus with regard to the wvisual
field, sufficient contrast, normal acuity, steady stimula-
tion, lack of masking factors, relatively small number of
stimuli,etc.) decisive for the perceptual process and 1its
subjective counterpart -~ image ~ is just the physical etimu«
lation; the less favourable (more ambiguous) the observing
conditions, the greater the increase of the relative share
of perceptual hypotheses and sets in the process of percept
development. From this it becomes evident that as the middle
phases of microgenesis correspond still to the ambiguous con-
ditions then just at these phases the lack of corresponden—
ence between the hypothetically presupposed and actually ex-
poged. categories could be possible.

4g we can gee, it is difficult to differentiate betwesn
the sensory and higher cognitive operations even at the level
of elementary cognitive processes. Such a "smoothness" of
transition is ¢ ."dent algo in the microgenetic paradigm as a
whole. So, in addivion to the perceptual microgenesis such
problems as microgenesis of thought, microgenesis of emotio-
nal states, microgenetic aspects of personality and creativi—
ty have been dealt with (see Flavell, Drasuna,1957. Smith ,
1957; Kragh,Smith, 1970; Smith, Danielsson, 1976 ,1979).

3. The pxoblem of microgenesis in the  light
of currvent lnvestieations
One might ask whether the problem is at all important
enough in order to treat it among the classical problems of
perceptual psychology. 411 the more - a great deal of the mic-
rogenetic research is in one or other respect based on the
introspective method. It should be stated however, that many
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theoretical problems exist, in the resolution of which the
important role has an understanding of the primnciples of mic-~
rogenesis. The objections to the introspective methods
could be weakened by the fact that the introspective act, on
the basis of which the subject reports about his subjective
impression, is only an intermedlate stage whereas the cont-
rol of these reports with regard to their accuracy presumes
Juxtaposition of the objsctive and subjective.The subjective
reality is not independent from the physical experimental ma-
terial and on the other hand ~ the consistency between  the
independent observers points at the objectivity too.

Subsequently, I will deal with some domains, facts and
theory of what have been riched due to the investigation of
microgenesis. In the sphere of nmmmgm
Ybology researchs have been encouraged by the theorists of
microgenesis probably most frequently as compared to  other
disciplines. In connection with this, Heinz Werner (1956)
discussed the problem of aphasia. According to his data the
regponses of the patients suffering from aphasia, to  the
prolonged exposition of words in principle do not differ
from the responses to the same words given by normal Sub~
Jects with very short expositions. These responses, which
are based on the intermediate phases of Aktualgenese, are
characterized by the dynamic nature of semantics, by the fre-
quency of somatic experiences, and by the generality of de-
scriptive responses (difficulty to answer using a concrete
concept). The subject (patient) would succed in grasping the
general semantic sphere and the responses are of highly asso-
ciative nature. The process of recovery from aphasia also
goes through certailn stages which are analoguous to the mic~
rogenetic phases of normal subjects in the special experimen-
tal conditions. Belying on the data of Goldstein, Wepman, and
Conrad, Werner argues that the functioning of the higher men-
tal levels is impossible without corresponding functioning of
the lower levels and the development becomes arrested at some
low stage if the activity of higher stage is not fostered. It
would be said that the subjects with aphasic diagnosig are
perceiving the surrounding world on the basis ¢f incomplete
microgenesis,
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Soviet researchers Zhirmunskaya and. lo{l{ (1978) compaged
the visual gnostic functions of healthy and pathology-prone
subjects using algo microgenetic methods {yet without expli-
cit use of this texrm). Patients who.had various injuries of.
brain bloodvessels, local brain' damages and several result-
ing gnostic impairments were studled. To these pubjects aif-
ferent contoursd drawings of cosmon objects were shown ta-
chistoscopically. The subject had to redraw the. picture ac~
cording to his impression. The temporal rescognition. thresh-
0lds were also found. Whersas the perceptual phases of the
normal .control subjects corresponded to the well-known prin-~
ciples, then at the same time the microgenesls of ths . agno-
sic patients was impaired. The characteridtic features where:
hypertrophic perceptual phase of amorphous form without ap-
prehended "thingness", the scattered nature of figure ele~-
ments and the resulting difficulty in extraction of the es*
.sential features, the high inertmness of the hypotheses or
conversely ~ superlability, lack of the capacity of synthe-
gis etc. The more expressed disturbances of microgenesis be-
came evident with bilateral injuries of the occipital zones
of the brain and with right hemisphere dysfunctions. The da~-
mages of the left hemisphere and frontal zones did mot lead
to comparable severity of perceptual deficiency.

Jagon Brown in his monograph (1977) payed even more atten-
tion to the psychoanatomical bases of microgenesis: To each
evolutionary or ontogenetic stage of development of the per-
ceptual capacities and modes, a given basic activity of cer—
tain brain structure corresponds, The more primitive the per—
ceptual function is the more archailc brain structure is main~
ly responsible for the reallzation of that function. The
phases of perceptual process transverse in direction from the
primitive to the accomplished, from the preconscious to  the
conscious, and analoguously the activity of the more primi-
tive structures is followed by the activity of neocerebral
spheres. In Brown's theory, it is interesting %o emphasize
the recapitulative Or repetitive nature of the perceptual pro-
cess: the perception is not a uniqgue single act but rather it
ig a sequence of perceptual acts where each new cycle should
be considered as a repetition of the previous one but on a
more advanced and perfect level. It is important to draw here
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the parallels with the classical ideas of Lange about the
microgenetic and phylogenetic lsomorphism.

The psychophysical trend as compared to the microgenetic
trend is of course much more widespread among the percep-
tual psychologists. The present-day pgychovhyglcg have made
a paramount advancement as with regard to the experimental
basis (equipment) as well as in the development of the re-
gearch problems. The conne¢tions with the contemporary neu-
rophysiology are tightened. In our present .case, special in-
terest is aroused by the part of psychophysics, which is de-
voted to the problem of spatial frequency perception and
texture analysis. As we know, the term "spatial frequency"
could be understood as a measure of the amount of contrast
changes in a spatial unit (e.g. for one degree of visual an-
gle). Hence the "finer", more detailed, the stimulus is, the
higher its main (fundamental) frequency and vice versa.Psy-
chophysical and neurophysiological investigations have
shown that different spatial frequencies are analysed by the
visual system with different speeds and also the sensitivi-
ty to the stimuli with different spatial frequencies is dif-
ferent (an optimal stimulus appr. 6-10 cycles per degree of
visual angle). The more global an object or pattern is, the
fagter is the reaction time to it and the faster is the pro-
cess of image formation., According to one hypothesis the
more “coarse" stimuli are analysed by the transient (phasic)
perceptual system and the "finer" ones by the sustained (to-
nic) system of perceptual channels.. In addition to the smal-
ler latency to the stimuli the other peculiarities of the
transient system are the tuning to the periphery, the main-
tenance of the operating with blurred (defocused) image, sen-
sitivity to motion or tramsients, capacity to encode the lo-
cation of the stimulus without a fine analysis etc. The sus-
tained system, on the contrary, being slower, requires also
sufficiently focused image, in general the central stimula-
tion is needed; it reacts to the sharp edges and is not so
effective in analysing the moving patterns. If we now recol-
lect the qualities of image, characteristic to the phases of
miérogenasis, and the corresponding experimental conditions,
then we detect that the operating of the transient system
corresponds to the earlier (lower) stages of microgenesis
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which are followed by the working of the endstages which in
turn might be connected with the sustained activity. Certain
controversy could arise from the fact that between the per-
cept-genetic phases the relatively smooth quality changes
are taking place, not the polar states could be observed.Con-
gequently, the data from micregenetic research supports more
the bypothesis, according to which in perception we have to
do with a system of multiple interchangeably connected infor-
mation processing channels which flexibly changes its beha~
vior parameters depending on the spatiotemporal structure of
stimulation. In the course of a genesis of the  perceptual
image, the faster but "coarser" analyzing mechamisms are gi-
ving their leading role to the slower but “finer" channels
step~by~step.80, in general, the current psychophysical and
psychophysiological data are in accordance with the resesrch
results of microgenetic problem in thia espect (see  Breit-
meyer, Ganz, 1976).

As another contemporary vopular trend in perceptual re-
search - the ipformation-proceasing approach - uses predomi-
nantly tachistoscopic method and is directed to the disco-
vering the temporal microstructure of cognitive processes in
their inner, vicarious plane,then these investigations are
in one or anothe&- way rTelated to the problem of microgene-
sis. One of the main formulators of the fundamentals of in-
formation-processing approach - Ralph Norman Haber (1969)

- denominates the microgenetic works as among the precurso-
1y developments to the contemporary paradigm. However, it.
seemg to us that he underestimates the importance and poten-
tials of the miocrogenetic ideas. v

Among - the Soviet researchers being active in the informa-
tion-procesaing area, the microgenetic problem is accepted by
Vliadimir Zinchenko (1972, 1976), the founder of the micro-
gtructural trend in the Soviet cognitive paychology, by Ilev
M,Vekker, and by Mark S, Shekhter - to name a few.

Among the basic paradigmatic methods of information pro-
cessing research which are closely related to the problem of
percept genesis we could list: masking, search, analysis of
reading operations, investigation of the "repetition~clarity
effect” (see Haber, 1969), investigation of the mode and
speed of coding operations of the stimull belonging to diffe~
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rent physical.snd/er semantic classes, a question of sublimi-
nal perception, eto. Dus to the lack of space we would refer
only to some general oconclusions which might be reached at
on the basis of information-processing studies.

A8 we kxnow, the masking phenomenon should be termed as
the impairment of perception of one stimulus by the presen-
tation of another stimulws in close spatial and temporal
proximity. The masking may result in total suppression of
the test stimulus by the masker or in the.reduction of some

" perceptual feature such as clearness, contrast, spatial fre-
quency etc. If the masking stimulus temporally follows . .the
test-stimulus (e.g. for 50 milliseconds), then we speak of
backward maskings on the contrary the phenomenon is forward
masking. Buch experiments have shown that the microgenesis
of an image could be stopped or restrained in different ways
by the use of a backward masking stimulug, The common tem-
poral range for masking are the intervals between test and
masker from O to 250-300 milliseconds.If the interval be-
tween the presentation of two short different stimulus im-
pulses expoged in the same spatial area goes in the above
range then the nature of masking in turn depends on the form
of both stimuli and on the Precise value of the interval. It
geems that at short intervals (0-50 msec), the masking is
based on simultaneous microgenesis of two different stimuli
at once at each stage resulting in the formation of a "monwe
tage", a common image of both objects. From such composition
it must be difficult to read out the information. With long-
er intervals (e.g. 50-150 msec), albeit +the percept of the
first stimulus in its physical analogue form can "mature" in-
dependently to clear form, nevertheless before the comple-
tion of the genesis of an "idea" or category state for that
stimulus the physical percept of the succeeding stimulus is
formed already and attention switches to the new microgene-.
tle cyole. Now on the account of the interruption (or "sub-
limination") of the previous microgenetic cyole the proces-
sing continues with the completion of conscious later cycle
(see Bachmann, 411lik, 1976).The subjective impression in such
masking situation is analoguous to the experience of clearly
contoured objects flashing between the wagons of meeting
train when you nevertheless can not tell the nature and mean- -

ing of these objects. s
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Why is that the psychological time appears us paradexical-
1y in such situations (information eutering before . lefts
priority to aftercoming. data)? One reason could be thé ecolo-
gical advantage of switching the processing to the ever new
signals because the earlier the time of entrance for sense
data the more must it be deciphered as compared to the later-
coming bits and so the attentional priority should be given
to new information in order to quickly determine its poten—
tial dangerousness or significance. This principle of pro-
cessing would have been guaranteed phylogenetically by . na-
tural selection in the case that some ecologically important
reactions could be switched in already at the level of incom-
plete microgenesis. Otherwise this principle becomes uge=
less. The other explanation of the priority of backward maski-
ing over the forward masking forces us to draw attention to
the oculomotor aspect of perception. During a day the eye
makes thousands of saccadic jumps in order to fixate the
ever next objects importent for behavior. But as,in general,
the every new fixation is connected with the planning of per-
formance, with the goal-diractad behavior, then the infor-
mation from every next fixation should be. of higher import-
ance as compared to data from the previous one -~ otherwise
the jump would be odd. So the every new image automatically
receives priority and the "o0ld" information. ghould be sup-
pressed in.order to diminish its possible interfering ef-
fectg. Thus the magking situation could be regarded as a mo-
‘deling situation of saccadic and scanning regime without ac-
tual eye jumps and hence the backward masking naturally
should receive priority. This idea predicts that the Jnter-
ruptive backward masking be maximal hed the interval be-
tween the test and the second interfering &timulus corre-
spond to the normal intervals between two visual fixa-
tions. After consulting the special literature one could
find that the prediction works (standard intervals imclude
the short periods of 40-50 mse¢ § Avetissov,Rosenblum,1973).
Another important function of backward masking must be the
suppression of microgenetic process evoked by the producing
of the retinal blur during an eye movement. One more point
we should turn to is methodological: It appears that with
few exceptions (Schiller; Harcum; Bachmann,Allik; Hsllige),
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most of the experimental situations using masking work with
artificial conditions when the maskers represent meaning-
less nolse or random patterns - contrary to the everyday in-
teraction of stimuli having the object nature.

In general, on the ground of masking technique research-
ers have succeed in specification of the times of microgene-
8ls of different perceptual material and in the discovering
of the structure of inner mental operations on which the mic-
rodevelopment is based. The last point here we would touch
15 the question about the physiological mechanisms guarantee-
ing the interruptive type of masking. It appears that in ad-
dition to the feedback-controlled attentional mechanism of
interaction of inferotemporal cortex and subcortical nuclei
(Pribram, et al.) and in addition to the interaction of thd
transient and susteined neuronal channels (Breitmeyer, Ganz,
Matin, Weisstein, et al. ), one more mechanism, an older
and perhaps forgotten one, could also well explain the facts.
The olassical studies of reticular formation have told us
that for the conscious perception both the specific reticu-
lar impulses and nonspecific reticular influence should con-
verge on a single cortical area (see Hasgler, 1978). At the
same time there are enough facts - neurophysiological and
psychological - that the specific signals coding the mean-
ing or gtructure of the stimulus can, first, be transver-
ged to the highest cortical centers by several dozen milli-
seconds (hence bsfore the completion of microgenesis) and ,
gecond, the time of arrival of specific¢ and nonspecific im-
pulses could be temporally dissociated. The situatlons when
the nonspecific influwence linger in comparison with the spe-
oific one are common (Hassler, 1978; Libet, 1978). Hence we
have the data at hand allowing to speak about some "consciat-
ing" operations which give subjectivity, give awareness to
the already processed data. So the microgenesis should be
" considered as the continuous process of catching consciously
the cohtents of processed data. With regard to the masking
situation it might mean that the "sonsciation" Process
"finds a wrong item", i.e. the recurrent impulse from the
cortical structure which is repressnting the structural in-
formation of the first stimulus activates speclal reticular
mechanisms projecting nonspecific impulses to that critical
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zone (by some address system). But as the specific mecha~
nisms represent already a new information having the same
"gpatial address" then the nonspecific ascending impulse,ac-
tivated .:201f by the first stimulus, makes subject aware of
the second stimulus. One more conclusion now is that we
could not speak of interruption but rather of the erroneous-
ly directed (shifted) focal attention switching.These 1ideas
have several implications for the reaction time studies, re-
fractoriness studies, studies of subliminal percéption (in-
cluding masking technique) and others.

What else have the experiments belonging to the infor-,
mation-processing paradigm clarified? First, the importance
of the localization feature for the whole perceptual processi
Almost all operations of microstructure are based on the pre-
liminary orienting of perception in space and as a rule
this orienting stage precedes to the configurative determina-~
tion. The data point also to the multidimengionality and c¢y-
c¢lic nature of microgenesis (see Bachmann,1977; Bachmann ,
Velichkovsky, 1979). The "maturation™ of tha higher percep-.
tual qualities may begin before the completion of the gene~
sis of representations at previous stages. For example, ca=-
tegory genesis could start before the development of analo-
gue physicel representation (an icon) is finished. This adds
plasticity to the system, enables feedback-control in the
course of a microgenetic cycle and thus guarantees the run-
ning correction of processing mistakes and variety of inter-
pretation. By this way the influence of motivational and so-
cial sphere to the perceptual process is possible in  ambi-
guous and diverse complex situations (see Dixon, 19713 3Bru-
ner, 1977). The information-processing investigations have
proved the multiplicity of different codes in  perceptual
gystem, and different speeds of encoding characterize diffe-~
rent stimuli and stimulation aspects. Due to this, we can se-
parate the microgenesis into subcomponents, e.g. iconic, ab-
stract-visual, nominal, emotional, general-semantic microge-
nesis etc.

The interrelationships of visual, suditory aad verbal per—
ceptual subsystems are specified, established is the general
temporal structure of microoperations with special emphasis
on the problem of simultaneity and seriality (successiveness)
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of ‘processes and on the question of limited capacity of ope~
rationa., The information~processing approach consists con-
siderably of the studies investigating the manifold mecha-
‘nisms of selectivity, their optimal working regimes and cri-
tical featureas — in other words, the investigation of the
attention miorostructure have been startsd. The originally
gimple and clear model "objeot - representation™ is  transg-
formed into the rather complex theoretical domain which re-
quires the special terminology and experimental base.

4._In conclugion

In connection with.the widespread and justified populari-
ty of objective and quasi-objective trends of perception re-
gearch it seems that surpassing the old sometimes we have.
thrown the baby away with bathwater. Investigating percep-~
Llop wo can never completely get rid of the subjectivity of
.the image, of that specific form in which the objective re-
ality represents itself to us. The problem of microgenesis
wo have dealt with could be ome of such problem areas unjus-
tifyably forgotten to some degree. As we have seen (but not
proved here), the data of mlorogenetic research considerably
coincide with the data of contemporary psychophysical and
information-processing research fields. In addition to this,
as it were by surplus product, ths usage of the old method
in a new context enables us to widen the theoretical inter-
Dretations, to notice the new possible hypotheses and to de-
velop the interdisciplinary investigations. Relying on
this 1t appears justified to try to integrate the research
metbods independently developed within different schools and
trends and through this avoid the terminological parallelism
go cdmmon to day. The exciting perspectives of this context
include integration of biolegical, evolutionary,and psycho-
anatomical knowledge and principles with cognitive-psycholo-
gical research in order to reach at the unitary scientific
landscape of perception theory. And probably the most-appeal-
ing feature of our subject matter is just the possibility to
relate the subjective and objeotive phenomena scientificelly
through the Darwinian methodological traditions. All the more,
the microgenetic ideas can well absorbe the psychodynamic fac~
tors as well as the theoretical aspects of the important con~-
ssiousness problem. o 120



But who makes it sure that the problem of microgenesis is
not an artificial problem? Have the experimental situations
of artificisl ¢onditions something to do with the perception
in everyday 1ife? The experiments with masking, analysis of
the pathological material etc. have shown, however, that the
normal layman's perceptual process represents a microgenetic
phenomenon. Especially vividly this comes to the fore at the
first moment of every new eye fixation. But the eys of a man
moves permanently. Secondly, the control and direction of the
oculomotor functions is a task of the earlier, "raw” stages
of image also (e.g. the blinking reflex, some components of
the orienting reflex, the directing of gaze at the new gud~
denly appearing object, etc.). Further on - dayly situations
and professional settings often present us with the difficult
perceptual conditions (the fog, twilight, far distance,quick.
motion,nolsy displays, and so on), the reacting and perfor-
mance in which can be better understood if we know the prin-
ciples of microgenetic dynamics in the diapasone of "unmature
image"”.

Above, we have seen that microgenesis might be a Dpaying
mean in the analysis and diagnosis of the pathological cases.
In principle it would be possible to develop a new diagnostic
apparatus and methods on the ground of microgenetic ideas. The
work on the development of children's cognitive processes
could be advanced too. It would not be forbidden to conceive
a situation where in the microgenetic demonstration we could
introduce the adult observers with the infant perception
modes*. And last but not least - the aquaintance with microge-
nesis could advance our understanding of the uncomscious.After
all, we here deal with the qualitatively and quantitatively
specified stages and mental states each of which is different-
ly related to consciousness, beginning with the +total uncon-
gscious (unawareness) over the quasiconscious up to the catego-
rical, volitional conscious réflection. The possible set of
problems here includes the questions of anatomical substrates
of consciousness, the ontogenesis of comscious, the problem of
constituents of subjective awareness departing from the psycho-
logical nomenclature, etc.

‘Yet there are standpoints according fo which the percep—
tual ontogenesis and microgenesis should not be isomorphic
procesges (Draguns,1978). 121

16



As we can see, we permanently live "a bit in the past",
though not more than some 200 milliseconds, but yet. By what
1s this warranted? And another question - if this latency is
inevitable, why the image could not appear, after the laten-
¢y, in its final, "matured” form according to the "all-or-
~none” law? Firgt, it should be said that we have to do
with phylogenetic inevitability. The previous must survive
given it may be in principle still useful. Here we speak of
the neurostructures which mediate perception,of their psy-
choapatomy. In order to preserve the older functions ade-
quate, the new functions can only add to the oldex ones
during the development of the species by modifying them and
by using their products in turn. This way we reach at the
gtages-nature of perception. The possibility of sustained
reactivation obtained in this way appears suitable as well.
The o0ld and more general reactions which should stay re-
strained bhad perception represent always only actual ( and
- unique, not general) environment, maintain intactness by
this way. In other words, the perceptual principle "from ge-
neral (and anxient) to concrete" grants the liveliness of
long~-term memory and many automatisms.

Another advantage of the phasic nature of perception is
the resulting possibility to separate (aifferentiate) the
great amount of information to the "aspects" temporally too.
Due to this, these reactions which work on the basis of glo-
bal information either could not be subject to interference.
To fulfil the different perceptual functions at different mo-
ments successively but well is better than doing all at once
at first moment but with smaller guaranty. Clearly the gene-
ral orienting of observer or the spontaneous protective re—
actions are realized on the ground of other kind (and at the
same time more "raw") of data than, say, the analysis of
fine details or naming of an exotic object. Briefly,the eco~
nomy of information processing and the precision of informa-
tion transmission rises. Due to the phasic nature of proces-
sing the flexible running correction of perceptual errors
coulé be possible: The wrong interpretations are not conclu-
sive. This "negentropic” effect of microgenesis must be pay-
34 for by the world perception being late. Nevertheless a
suestion can arise: if, at each stage, mainly one Compo~—
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nent of the basic perception components is completed, why is
that we can not perceive these intermediate successive sin-
gle stages subjectively? Ome reason is the previously
touched phenomenon of backward masking. The informetion from
each next phase becomes a leading factor and mask the pre-
vious phases, in analogy with suppression of the stored
information of previous visual fixation after the moving of
gaze onto the new fixation area. Furthemore, the capacity of
temporal resolution of the visual system is limited and +the
visual events succeeding each other within the certain short
interval (e.g. 100 msec) may be integrated. Another reason
why it is difficult to perceive the preliminary and inter-
mediate phases of microdevelopment appears to be the ecolo-
gical expediency: Our performance is effective if at each
moment attention is captured by the mental concentration ,
control and response preparation for a single event only.But
whereas commonly just the end stage of perception is the aim
of the predominant activity or the backround for it and
whereas due to its complexity with regard to the represented
information the endstage requires the highest capacity from
interpretive processes, then just the endstage itself cap-
tures our attention. According to the contemporary stand-
points of attentional psychology these processes are termed
the focal attention (contrary to the preattention or to the
subliminal processes).

We feel that the microgenetic research forces us to ac-
cept the idea that probably the species~specific informa-
tion storage and the individual memory are more closely tied
together than it seems et first moment and this might work
just through the actual dynamics of perception, through the
intermediate stages of sensing, through that which  leaves
i1tself masked for us by the clear,”contemporary" perceptual
image. Hence the psychological time (including psychodyna-
mics of ontogenetic heritage), situational time, and general
(physical, paleontological, cultural,etc.) time can reveal
us some curious connections just in the above-discussed con-
text., By developing the microgenetic investigations the hope
would rise to find again a bridge between the “"physical"
(read - "scientific") and cultural-mthropological aspects of
perceptual psychology.But has fthis any sense 1s already an-
other question. 123
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TEHE3 CYELEKT/BROT'0 OBPASA
T. Baxuax
PesowMme

B cTaThe meeTcsa 0030p IpOOGASMH MAKDOIEHE3a NepHelTRBHOTO
ofpasa. PacoMaTpEBapTCA pa3ENe TeoDeTZYeCKAe R METOLUYECKHE
CIHERTH HanMoTO BOODPOCa, B TOM THCAS CRH3DL SMEENAS MUKpOTEne-

38 ¢ RCcrenoBamdAMM MNFODMAIMOMMC-KOTEATABAOTO IOIXOja, HCH-
x0fasaKd, MeiponmezxoZoTud., KOMTEKCT H3NMOBECHEA - SBOXWUAONRHHA.
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TEMPORAL ORDER RECOGNITION OF VARIOUS
LUMINANCE WAVEFORMS ™
Milvi Tepp Jiri Allik
Abgtract. The temporal order recognition of twe spatlally
adjacent luminance excursions in the uniformly illuminsted
field was studied. It was shown that the consltant thresh-
hold of contrast predicts the perceived simultaneity of 1i-
nearly increasing luminance ramp in the comparison of in-
stant luminance step of the same amplitude. The recognition
performance was found to be dependent on the speed of the
increase in luminance. The Tresults suggested that the tempo-
ral order recognition of two short near-threshold flashes
1s best when temporal asynchrony between flashes 3is . about
60 ms, It was demonstrated (by forced choice method) that
the temporal order recognition remains at chance level when
the detection of luminance perturbation is performed cor~
rectly in 75% cases. The performance to recognize temporal
order was interpreted as an indication of the properties of
the elementary visual subroutines which pick out movement in-
formation in the spatio-temporally varying luminance distri-
bution,
1. Intreduction

Sekuler and Ganz (1963) found that after adaptation to a
moving high-contrast grating the contrast threshold ¢f a
test grating moving in the same direction was higher than
that of a test grating moving in the opposite direction. Di-
rectionally - specific threshold elevation can be interpret-~
ed as an indication that the unidirectional moving grating
presents a separable visual quality which amount can be ex~
pressed as a function of contrast. However, the after~effect
of seen movement shows that the mo@ing grating as a separable
visual quality can be expressed as a function of the drift-
ing rate (Pantle, 1974).

-

We wish to express our gsincerest gratitude to Mike
Miil for the design and construction of the generator of spe-
cial functions and technical assistance during experiments.
We are especially indepted to Ehtibar DZafarov for helpful
discussions of the manuscripts
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In one of our studies, we were able to show that the
shortest temporal asynchrony necessary for the temporal or-
der recognition of two spatially neighbouring luminance ex~
cursions behaves very similarily to the contrast thresholds
of drifting sinusoidal gratings (Allik et al., 1976; Allix ,
Tepp, Ldvshits,1977). Adaptation to a unidirectionally shift-
ing pattern causes selective elevation of the temporal or-
der recognition threshold only in case of movement in  the
gsame direction as that of the test pattern. According to our
interpretation, the wvisual system contains elementary visual
subroutines describing local unidirectional movement infor-
mation in the luminance distribution terms varying in the
space and time. It was proposed that the elementary movement
-detecting routine is a correlation device which compares lu-
minance perturbations in two separate spatial positions over
limited spatial distance (Allik,Tepp,1978).

The goal of the present study was to extend our knowledge
about elementary movement detecting routine, by having a
look at its responses to various luminance waveforms. Two se-~
ries of experiments were performed to find answers to the
féllowing questions: (1) How is the temporal order recognized
when two different luminance excursions are presented , one
of which has a linearly increasing luminance ramp and other
has a form of an instant luminance step? (2) How is the tem-
poral sequence of two short near-threshold luminance pulses
recognized?

2. Zemporal order recosnition of two luminance
ramp with different riging time

2.1, Stimuli and apparatus

The stimuli were presented on a transparent screean ( tiue
arrangement is shown on Fig. 1 ). .The test stimuli, 4 and B,
and the fixation point (PIX) were generated by light-emitting
diodes which were placed just behind the transparent screen .
The light-emitter diodes (AL 102 B) were red in colour nav-
ing a maximum emission at 700 nm. From a distance of 140 cm
the subject saw bright circular spots 0.14° in diameter on a
larger illuminated background with the square’s side 3.2° .
The centre~to-centre spatial separation between stimuli A
and B was approximately 0.12° (D) . The fixation point was
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¥ - A
Figure 1. Schematic view Figure 2. Waveforms and
of the luminance designations of
body used as a the light excur-
stimulus in the gsions of the test
present gtudy. stimuli.

2.4° below the main stimuli (C). The transparent screen
was mounted on a considerably larger black light-absorbing
background and was illuminated by an adjustable light
source through the red colour filter (KC-10, transmission
cut at 680 nm) from the front of the screen. The luminance
of the background was Io=35.4 nt, the luminance of the fi-
xation point Ipry=50 nt above the background luminance. The
contrast of the test stimulus was defined as follows:

5: AI/I°.

The envelopes of the luminance excursions, of the test
stimuli above the background luminance, are shown on Pig.2.
The right-hand stimulus B had an jnstant luminance imocre-
ment step from the baseline to the amplitude Ip. The sti-
mulug B reached its maximum level during a perioed ef less
than 0.26 ms. The other stimulus & had linearly increasing
luminance increment with varying luminance rising slops ,
i.e. rising time (see designation{a)on Fig.2). A specially
designed slectronic circuit consisting of operational ampli-~
fiers was used to generate linearly increasing current. The
current ramp is a ramp of controlled rising time and ampli=-
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tude, ths temporal onset of which is varying in time. The

ramp generator had good linearity,however it began to show

some kind of nonlinearity at rising times longer thamn 600 ms
and at lower amplitudes. The onset time of stimulus B can be
adjusted in relation to stimulus A4 so that o+t was the inde-
pendent variable in the present experiment.

2.2. Procedure and definitions

The observer's head was placed on chin rest and was
fixed Dby forehead support. The observer looked at the
adaptation field for approximately 5 min, at which time the
trial sequence began. Every trial sequence was performed
with one of three fixed contrast levels (a I, = a Iy), name-
1y & was equal to 1.61, 2.32 either 3.14. Por every trial
sequence, one of the seven possible values of the rising
time (a) of stimulus A was chosen. Possible values of (a)
were: O , 100, 200, 300, 400, 500 and 600 ms., Before the
magin series, & preliminary trial was performed to determine
the temporal asynchrony of the perceived simultaneity of
two different luminance excursions and the appropriate range
of values of at round the point of the perceived simulta-
neity. On the basis of these preliminary trials, 9 values
were chosen to cover the whole range of uncertainty of the
temporal order recognition. In the main trial segquence, the
different temporal asymchronies at were presented in a
random order. Each value of st was repeated 20 times.Thus
the observer saw 180 trials in a sequence. Since there were
9 different rising times (a) and 3 different levels of con-
trast (8) the observer went through the sequence of 3,780
trials.

2-alternative recosnition task. For any single trial,the
observer was told to classify one of 9 potential signals in-
te one of two response classes ("LEFT" or "RIGHT").

It is important to note that the response category de-
geribed the perceived direction of shift of the whole stimu-
lus configuration rather than the sequence of the stimuli
appearance.

Regponge probability(p). Response probability p is the
prebability that the observer answers "RIGHT" to some of
the 9 signals of similar typs. Of cource,1~p is the probabil-
1ity that the observer uses another category (i.e."IEFI" ),
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since other response categories were excluded.

A given valus & t for the constant rising time (a) and
contrast (8) was empirically associated with the observer's
response probability p . We have made a search for the best
psychometric function fitting the observers's responses in
2-alternative recognition task over the predetermined val-
ues of a t. These empirical distributions were approximat-
ed with an exponential function of the followling form:

plo®) =4/ 1-exp (aa’t+ p)} ,
where « and P were parametress p ( s t) was probabili-
ty that the reaspomse "RIGHT" was given in response to the
given value of at.

Percelved gimultaneity. Obviously the percelved simulta~
neity of two luminance excursions can be defined as  tempo-
ral asynchrony between two envelopes when the psychometric
function p { a t) takes a value p = 0.5. The perceived si-
multaneity was marked as Atp=o. 5°

Slope of the paychometric function.The slope was defined
as the variable < of the psychometric funcition which appa-

rently shows the width of the uncertainty interval of tempo-
ral order recognition.

To clarify the given definitions, Fig. 3 presents an
example of two empirical probability distributions of the
observer T.L. and the best fitting curve based on the least
square approximation of psychometric functions for that dis-
tributien.

2.3, Subjects
Two highly experlenced observers with aculty vision cor-
rected to 20/20, took part in the present series of experi-
ments. The observer T.L. was female and the other A.L. -male.
Their both had been acting as subjects in the previous ex~
periments of similar kind (see Allik et al., 19763 Allik ,
Tepp, Divahits,1977). -

2.4, Resultg
The perceived simultaneity as a function of the rising
time and amplitude of luminance ramp are shown on Fig. 4 .
According to the defipition, the perceived simultaneity 4g
a moment of time when the psychometric function (i.e. re-
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Figure 3. The response probability p plotted upon +tempo-
ral asynchrony ot , for the observer T.L. The
best fitting curves of the appraximated psychome t~
ric function p (o t) are shown as curves 1 and
2. The curve 41 and empty circles (o) corresﬁond
to the rising time a=100 ms; the curve 2 and fill~
ed circles correspond to rising time a=300 ms.Con-
trast: &=2.32. Approximation goodness¢ r=0,92 and
r=0.89 respectively.

sponse probability) reaches the equiprobability valus p=0.5.
Computed values Atp:O. are shown on Pig. 4 as filled cir-
cles (8=1.61), opened circles (&=2.32) and filled squares
(8=3.14). There clearly exists a linear relationship between
perceived simultaneity and rising time a of linearly in-
creasing luminance ramp. The numerical results of the linear
regression analysis are presented in Table 1. The correla-
tion coefficients (r) obtained show that for every contrast
perceived, simultaneity depends linearly upon the rising
time. The best fitting regression lines according to the
Table 1 are plotted on Fig.4 (A and B) as a stright lines
designated by arabic numbers 1, 2 and 3 corresponding to
the contrast (8=1.61, 2.32 and 3.14 respectively).
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Table 1. The results of linear regression analysis showing
simul taneity
Ca tp=6.5) and the rising time (a) dependently on
the contrast (&): atyg,5=ta+ § , where { and

the relationship between perceived

é§ are regression coefficients
Observer BoeaTon et t O I
Fig.4
AL, 48 (1) 1.61  0.593 2.17 .99 0.955
44 (2) 2,32 0,496 1.71 .99  1.151
44 (3) 3.14 0.358 8.95 .99 1.124
T.L, 48 (1) 1.61 0.534% 29.16 .98 0.860
48 (2) 2,32  0.418 22.79 .97 0.970
4B (3) 3.14 0.325 32.19 .94 1.021
500 500
3 w0 % w0
= o
‘:haoo :"200
100 100

Figure 4. Dependence of perceived simultaneity ( ot
upon the rising time (a). Contrast &=1.61

(* and line 1); 8=2.32 (° and line 2); &=3.14
( = and line 3). Two observers: 4.L.(A) and

T.L, (B).

The present results suggest that, on a given
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p=0.5

)

contrast
level, the lengthening of the rising time (a) makes it ne-
cessary to increase the temporal asynchrony proportionally

(coefficient ¥ ) which is needed to achieve percelved si-
multaneity. If we presume that slowly rising luminance Tamps



of different rising times are superimposed on one another
in a way that Atp=o. determines the relative temporal lag

on the time scale, then obviously there is a unique point
where all rising luminance envelopes intersect.There is a
fixed level of contrast (§,) which is teken as a departure
point for the temporal order recognition. The threshold con-
trast (60) can be expressed in the following wayt

éoaa-f ,

where & is the level of contrast and ¢+ is a linear regres-
sion coefficient (Table 1 and Fig. 4). The last row in
Table 1 presents the computed values of the threshold con-
trast c for two observers and three different levels of
oontraat. The inspection indicates’ that the threshold con=-
trast c varies - with the increase of the amplitude of
the luninance excursion, the product & -} also grows.

Pigure 5 shows the relatlonship between the psychometric
function slope ( o ) and linearly increasing luminance remp
rising time (a). In addition to empirical values o , least
E square approximations with an exponential function are
shown incontinuous lines (1, 2 and 3). The increase of the
rising time (a) leads to the decrease of the psychometric
function slope. It is quite possible that the accuracy of
the temporal order recognition depends upon the speed of the
luminance growth.

2.5. Digcugaion

The present findings suggest that the first appearance
of the luminance perturbation 1s determined at the moment
when the contrast exceeds a certain amplitude value. This
threshold amplitude of contrast (60) is about 1.0. for the
present stimulus conditions. However, it is important to
mention that the threshold of contrast for the temporal or-
der recognition slightly increases with the amplitude of
the luminance step. The contrast threshold for the temporal
order recognition is obviously different from the simple
threghold of the luminance perturbatior detection. The  lu~
minance threshold is certainly lower since the spot having
contrast about 1.0 is clearly visible on the same back-
ground luminance (I,).Usually, the models of temporal order
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recognition are based on the assumption that the observer
makes his judgements about temporal order on the time 4if-
ference between arrival of the two signals ( Sternberg ,
Knol1l,1973). Generally, the psychometric function ef tem-
poral order recognition can be representated by the conve-
lution of a decision function with arrivael latency d4iffe-
rence distribution. This concept, of course, implies that
the arrival latency distribution for both light pertur-
bationsis known. It is common to use the luminance enve-
lopes of - similar form with the instant luminance ris-
ing or falling time in the studies of temporal order re-
cognition. In the present experiment, the luminance enve-
lopes of the two signals are different. In this case we
have been able to show that the arrival latency as well
it's distribution variance changg with a change in  the
form of luminance excursion. More precisely: the arrival
time of the signal is determined by a constant level of
contrast; and the distribution of the arrival latencies is
determined by the speed with which the luminance exceeds
that level of contrasth.
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3. lemporal order recomnition of two low contrast
duminance flaghes

3.1. Stimul} and apparatug
The stimulus configuration qompletely concurs with that
in the previous section (2.1.).

3.2. Erocedure ‘

2=alternative forced choice method. Two temporal inter-
vals are defined by the fixation point off-on turning dura-
tion of about 0.7 s. The duration of the temporal interval
embedded between fixation point off-on periods is about
1.5 8. One of two subsequent intervals contains the signal
and the other one is blank. Which of two intervals contains
the signal is randomly determined by a microprocessor which
forms the signal to drive the display. The signal conaists
of two short 5 ms light flashes which occured in the mid-
dle of 1.5 8 time interval. Temporal asynchrony between
flashes 15 75 ms. The temporal order (i.e. direction of dis-
placement) is also varied randomly sgso +that the left-right
sequence has the same average frequency of occurence as the
right-left sequence. In any single trial the observer . was
told to make two decisions: first, which of the two inter-
vals contains the signal (let us call this the detection
task) and, second, what is the temporal ordsr of  two
flashes (recognition task). In other words,the observer's
behaviour can be described by a four-field response matrix
in which the correct and incorrect interval determination
is orthogonally associated with the correct and incorrec’t
displacement direction recognition. The luminance of the
adaptation field (I.) and the contrast of the luminance pul-
ges (8) was selected in consideration to achieve about 75%
level of the correct detection by the subjects.

3.3. Subjecta
Three female observers with normal or corrected vision took
part in the present experiment.
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3.4. Regulta

The results are presented in Table 2., The detection task
was solved correctly in 75% (E.P.), 79% (I.T.) and 76% (T.T.)
cages of single trials. At the same time, the correct recog-
nition of the displacement direction remains approximately on
chance level. The direction of displacement is recognized cor-
rectly in 58% (E.P.), 58% (I.T.) and 61% (T.T.) cases of sin-
gel trials, The results suggest that the recognition task can
be solved correctly in this case only if the interval contai-
ning the signal was correctly detected. If the interval indi-
cation was wrong, then the observer can only guess the direc-
tion of displacement. The per cents of correct and incorrect
recognition in the case of incorrect detection are follows:
12% versus 13% (E.P.), 11% versus 10% (I.T.) and 12% versus
13% (T.T.). There are no doupts that in the case of wrong de-
tection the observer only guess the temporal order of stro-
boscopical flashes. :

In addition, Fig. 6 presents results ofythe recognition ex-
periments over the larger scale of temporal asynchronies,Pig.
6 A, B and C correspond to the results of the same three.ob-
servers, E.P., I.T. 8nd . T.T. respectively. The filled circles
mark the contrast & = 1,6 and the unfilled circles mark the
contrast & = 1.1 (I, = 32 nt).The duration of the test stimu-
1i is 2 ms. Fig.6 show that the response probability (see de~-
finition in section 2.1.2.)vary dependently upon the temporal
asynchrony.The temporal order recognition reaches the maximum
and minimum values of the response probability on the tempo-
ral asynchronies somewhat below 100 ms.It seems that there is
a relatively narrow temporal "window" within which the recog-
nition task can be performed successfully.For the nesr-thres-
hold flashes, the increase of the temporal asynchrony leads
to the deterioration of the recognition performance.,
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Table 2. The results of 2-alternative forced choice experi-~

ments on the simultaneous detection and recognition

tasks. The duration of flashes is 5 ms and asynchro-
ny is 375 ms. Three observers: E.,P, and I.T,
(8=0,18; 1,104 nt)s T.P.(8=0,2; I,=80 nt):Number
of single trials is 300 per observer.

Subject
E,P.

Interval

Cor—
rect

1in-
corr.

Subject

I.T.

Interval

Cor-
rect

in-
corr.

T.T.

SubJect.

Interval

Cor=
rect

in-
corr.

Correct

0.46

0.12

Correct

0.47

0.11

Correct

0.49

0.12

Direction

Incorr.

0.29

0.13

Direction

Incorr.

0.32

0.10

Direction

0.27

0.13

Incorr.

0.4 |

1.0

0.1

Figure 6. The re
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onge proba-
bility (p) as a

function of the tem-
poral asynchrony be-
tween two <flashes
(at).The duration
of the test stimuli
is 2 ms.The back-

ound luminance is

= 32 nt.Thy levels
of contrast: € = 1.6
(e ) and ¢=1.1.( © )
The results of three
observers: E.P, (A)g
I,%, (B) and T.T.(C).
Every point is an
average of 60 indi-
vidual trials. Note:
p 1s the probability
that the observer
answers "RIGHT" to
the presented tempo-
ral sequence.



3.5. Discuggion

The experiments allow us to arrive at the following con-
clusions:

1) the 2-alternative forced choice experiment suggests
that the detection of the luminance excursions from the base-
line relies upon different stimulus featureg than the recog-
nition of the temporal sequence of two flashes. It was de-
nonstrated that the detection of two~flash alliances is per—
formed on a sufficiently lowexr level ¢f contrast than is ne-~
cessary for the correct temporal order recognition of the
same two=flash sequence. The two perceptual tasks are solved
independently and the probability that they axe b o t h
solved correctly is at chance level. The results demonstrate
that the stimulus features which form the bases for temporal
order recognition are not yet manifested on the level of
contrast what 1s necessary for the detection of two-flash
sequence. 1t is plausible to assume that the above-mentioned
stimulus features represent properties of the spatio-tempo-
ral luminance distribution which are measured ("picked-out")
by specialized visual routines for the movement direction
coding. As it was demonstrated previously, the visual move-
ment detection models are correlational (Poggio, Reichardt ,
197%; Buchner,1976).-This means that the observer's answers
are based on some kind of correlation between two luminance
excursions.

2) In our previous paper we showed that the temporal or-
der recognition in two-flash configurations is strongly 1li-
mited by spatial separation between the flashes ( Allik,Tepp,
1978). Our present finding extends this conclusion to the
time domain. Fig.6 presented the results which demonstrate
that the temporal order recognition tends to deteriorate
with the increase in t emporal separation
between the flashes. The data averaged over three observers
show that the optimum temporal order recognition falls with-
in temporal asynchronies of 60 ms. Beyond this optimum va-
lue, the performance of temporal order recognition becomes
progressively worse. There exists some kind of limitation in
the time domain (c¢f. Thorson,lange, Biederman-Thorson,1969).
Assuming that observer reaches a conclusion about a temporal
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sequence of two flashes after performing the correlational
analysis of luminance distribution, the optimal temporal

asynchrony must be in some relation with time constants of
the correlation model. This assumpion was tested by a sim~
ple computer model and the results show that the peak of the
recognition performance approximately corresponds to  the
time constant of input filters which grant the asymmetrical
filtering of the correlated signals (cf.Buchner, 1976), The
output function of the minimal correlation model in the re-
sponse %o asynchroneous luminance pulses has a form very si-
milar to the one shown on Fig. 6. We propose that temporal
order 1s recognized by means of finding the correlation be-
tween two spatially separate luminance perturbations.

4. Concluaions
By these experiments, we were able to demonstrate the im-
portance of the form of luminance e n-~

velope for the recognition of temporal order. The re-
sponse probability systematically varies with the  rising
time of the luminance ramp. & general rule which can predict
the perceived simultaneity is formulated in terms of Dbasic
amplitude (2 ), exceeding 'of which is taken as a departure
time moment for the temporal order judgement. The constant
contrast threshold rule does not necessarily mean that  the
observer builds his answer, applying the sophisticated prin-
ciples for the analysis of the luminance distribution.Ilt is
more natural to assume that there exists a hard-wired visual
routine for computing the output values on the basis of some
measurements of the luminance distribution in time and space.
The direction of displacement can be recognized, in that
cage, by a simpler rule, e.g., dividing the scale into two
parts. The most plausible candidate to the rols of the vi-
sual routine which can extract information about the direc-
tion of the displacement is a correlation device. But  the
complete identification of the system which performs the ana-
lysis of the luminance distribution in order to solve the
recognition task is beyond the scope of the present study.
The second series of experiments confirms the conclusions
derived from the first one. It was demonstrated that the re-
cognition of the temporal order is a different psychophysical
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tvask than simple detection of luminance perturbation in a
homogenous field. We proposed that there exists a specializ-
ed visual routine for the description of local movement in
the visual field. The correlation model may be the most ge-
neral expression of the routines which are able to perform
the directionally specific analysis of the luminance dis=-
tribution (see Poggio, Reichardt, 1973; Buchner,1976). 4
simple simulation model shows that the response of the mini-
mal correlation model is very similar to the response proba-
bility function obtained in the psychophysical experiments.
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ONPEIENEHME BPEMEHHO! NMOCAEZOBATENEHOCTH MPYU
PASIMYHHX -SOPMAX CBETOBOT'0 CUT'HAJA

M. Tenno 0. Ammk

Pesnue

H3yyaam 3SaROHOMEDEOCTN QNperoAeHMS BPeMEHHOR nOCAEIOBA-
TEABHOCTE ABYX DACHONOKEHHWX DPAJAOM CBETOBHX CTHMYJoB. Mcxa-
aE OTRETH Ha CAGKYXMHE BONDOCH:

I. Kak onpereaseTcs BPEMEHHas NOCHeX0BAaTe ABHOCTL ABYX
CBETOBHX BCNWNEK, HMENENX Da3Ey® GopMy mpupoctra sp-
xocTd (OZHA ¢ AWHEHHWM NMDHPOCTOM, ADYras C OpAMHM
MalkM MPHPOCTOM SPKOCTR A0 ONpEeACNSHHOrO YPOBHEA)T

2. Kax onpeneasercs BPEMOHKAA NOCAESAOBATEABHOCTd HBYX
OROZONOPOr'OBHX CBETOBHX BCHHUEK? ‘

PesynsTatu MOKA3WBADT,4TO AAA Ompe IGA6HHA BPEMEHHOR 00—
cAepoBaTe ALHOCTH ABYX CBETOBNX BCTHWEX C pasHoit dopmolt mpH-
pocTa ApKOCTH 3DHTEAbRAA CHCTEMA HymAaercs B ONPEIeNCHHOM
yPOBHE KOHTDAacTa, NPeBUWEHNE 496ro NPRHEMAETCA B KavyecTBE
ACXOZHOH TOUKM AAs ONDENCAEGHHA BPEMEHHOTO CHBHra. lipeanoaa-
raercs, 4TO TOYHOCTH ONpEZENeHHS BPEMEHHOi NMOCAeZOBAaTeALHOC -
T¥ 33 BUCEAA OT CHODOCTH NPHPOCTA SAPKOCTH.

C noMombD ABYX-aAbTEPHATHBHOrO METOAR BHRYRAGHHOIO BHOO-
pa BUACHWAM, YTO OGHADYEEHHE CTHUMYNOB ¥ ONDEJCAGHE® BPEMEH-
ROt MOCAEAOBATENBHOCTR ZBYX OKOJNOMOPOI'OBHX CBETOBHX BCNHEEK
ABAANTCA HESABHCHMHMIN OPOLECCAME: OGHAPYXEHHE NPOMCXOLNT
MpH JDOBHE KOHTDACTA, SHAYNTEIBHO (OXEEe HMSKOM, 4eM Onpeze-
neH®Ee BDEMEHRO# NOCA8/0BATE ALEOCTH.



IDENTIFICATION AND DETECTION OF SPATIAL POSITION
IN ONB-DIMENSIONAL PATTERN

Marika Rauk Aavo Luuk

Abgtract. Three experiments were conducted to investigate
the accuracy of spatial localization in one-dimensional
dot patterna. The first two experiments used identification
paradigm. The results revealed a M-ghaped localization er-
ror function in the presence of visible reference scale.Two
main characteristics of that functlon are discussed : the
specific shape, and general size of mean error. Thiz <func-
tion was modified in the experimental conditions without re-
ference system or with partial exposure of the scale. The
last experiment showed the specific M-shaped detectabili-
ty function, which was insensitive to pattern complexity
and stimulus delay.

1. Intredycticn

Bvery visually perceived object has its subjective spa-
tial location for an observer. There does not exist any "ab-
solute” object location, but is always possible to localize
and refer to an object in relation to some other objects ,
~i.e. to make relative judgments on the basis of gpatial re-
lations. In spite of the manner of performing the locali-~
zation task, some reference system (external or internal )
for the observer should exist to help to localize or to

- identify the object in certain spatial position.

Two of the most popular localization tasks are discrimi-
nation and identification. In a discrimination task, the ob-
gerver is required to decide whether two visual objects have
the same spatial coordinates (lay at the same spatial loca~
tions or in symmetrical from some central plane points, on
the same axis, at equal distances and in same direction from
any point, etc.) or they didn't. When identifying the

: .

The authors wish to thank Mike Miil for his help in
construction of the equipment and Dr. Juri Allik for writing
computer programs and helpful discussion.
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object's location in space, the observer's task is to .name
the location of the object within any reference system. For
example, the reference system may be given in the form of
dots on a linear scale. Usually, the performance in discri-
mination task is considerably higher than in identification
tagk. As 1t i3 known from G, Miller (1956), correct idemti-
fications score within a linear string of stimulil ie one of
the highest among various identification tasks. It isg limit-
ed, first of all, by the number of categories that must be
coded (of.Hake, Garner, 1951:Klemmer, Frick, 1953).

Among the commonly used paradigms in visual information-
processing study, the full-report and partial report  tech-
niques should be mentioned. In the case of full-report pa-
radigm, the observer is required to report all the items
which he had seen during the stimulus exposure. Partial re-
port techniques require the observer to report a part of a
large stimulus array,e.g., to name one item in a display ,
which was exposed at the location, marked by a letter, num-
ber,bar-marker, etc. before, during, or after the whole
gtimulus-array exposurs. Typical for the group of partial re-
port studies is the work of Averbach and Coriell (1961), who
exposed a horizontal array of random letters and asked  the
subjects to report one letter from display, specified by a
bar-marker. The results revealed e position localization
curve, which indicated better performance for central and ex-
treme-end items rather than for items occupying intermediate
positions. That positional effect became evident in a number
of letter-rows processing experiments with partial report
technique (Averbach, Sperling, 19613 Crovitz, Schiffman,
49673 Haber, Standing, 1969; Merikle, Coltheart, Lowe, 1971;
Merikle, Coltheart,1972; Merikle, 1974; 1976; Merikle, Glick,
19763 Butler, Merikle, 1973; Butler, 1975; Lefton, 1974;Lowe,
1975; Mewhort, 1966; Bearty, Mewhort, 1975; Mewhort, Camp-
bell, 1978; Smith, Ramunas,1971; Townsend, 1973; White,1970;
1976). A number of stimulus variables, such as exposure du-
ration, stimulus familiarity, interelement spacing, retinal
stimulus location, determine the shape of letter span func-
tion, i.e. the plot of identification error against stimulus
position within the row (White, 1976). As it was concluded by
White, when attentional sets and eye movements are properly
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controlled, the M-ghape error function appears within a
falrly broad range of variable values, and is also insensi-
tive to order-of-report effects (Bryden,1967). Comparing the
data collected with full-report and partial report techni-
ques, one can see, that the ability to extract information
from brief visual presentations, at least, reproduction is
higher using the partial report paradigm (Averbach,Sperling,
1961).

Loocalization procedure with letter rows, however,rals-
es the question about the relative weights of identifica-
tion +the letter and localisation of it's spatial position
in the row. In order to distract these two characteristics
in letter-row processing, experiments were conducted where
the observer's task was to report the location of a marked
letter without identifying it (Lowe,1975; Hearty, Mewhort,
1975). 45 a result, symmetrical M-shaped position curve was
obtained. Obviously, the M-shape curve appears as a special
property of the spatial localiszation process. Since in stu-:
dies with letter identification in a row results have re-
vealed M-shape function, it is \very probable that in that
case the spatial localization task must be implemented.

The existence of specific function for spatial identifi-
cation task is supported by the following data. Using par-
tial report technique in localigation tasks, M-shape error
function appeared excellently in experiments with nonalpha=~
betic stimulus material (Klemmer, 1963; Camp,Harcum , 1964;
Harcum, 1970a,b; Bauk,Luuk,1978).

General M-shape curves show that in absolute :ldentifica-
tion experiments the percentage of localization errors is
lowest at the fixation point and at the extreme end posi-
tionas of the string. It seems that there exist two main cha-
racteristics for that function: 1) special shape, and 2) ge=
neral magnitude of errors. Presumably, under any circum~-
stances, changes in these qualities of the function  should
appear. 1t was the purpose of our experiments to find out
the conditions that would modify the shape and amplitude of
the M-shape curve in a spatial localization task. The first
two experiments are dedicated to the study of that question.
[t was expected that the shape and the magnitude of the
curve are dependent upon the defined reference system.
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The third experiment was designed with the purposes to
determine the possibility of K-shape positional curve in
other psychophysical tasks,for instance, in a detection task.
If this function i3 not only a special characteristic of lo-
calization accuracy in absolute identification task,it was
expected to appear also with the detection task.

*

2. Bxperiment 1

There was one particular hypothesis for conducting this
experiment, derived from previous work of the present au-
thors (Rauk, Luuk, 1978), and also discussed in other sgtu=-
dies (Harcum, 1958a,b; 1964a): What will be the effect of
spatial density changes in reference~dot pattern upon the
accuracy of localization of, separate dots within the pat-
tern? It must be noted that Harcum did not apply any comple-
mentary reference system, but varied the angular subtense
with a change in the number of elements and without it in a
stimulus array and found, that the means of positional er-
rors increased with the number of elements (Harcum,1964a) .
Ag it is known, the number of accurately identified elements
in a linear pattern is constant from any certaln level in
increasing the number of elements in array (Miller, 1956) .
The difference in our arrangement is, that we added the com~
plementary dot pattern in relation to which the identifica-
tions would be given in a linear pattern (Miller referred
only to a single linear string in visual field). The density
changes took place only in the reference system, and not in
the stimulus pattern.

2.1. Mgthod

Stimulation. The stimulus array consisted of
two horizontal rows of dots each of 13 elements in the row .
They were located on black background, one sbove the other,
Thus, there was biunique correspondence between the posi~
tione of the upper and lower rows. The distance between
these dot rows was 0.5° at the viewing distance of 114 cm.
A red fixation point was continuously exposed under the cent-
ral position, 0.25° from the lower row. ldight-emitting diodes

) We thank Vello Putk for data collection for  this

experiment.
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including two 3-5 minute rest periods. A practice series
was given before the main trials. The room was dimly light-
ed during the experiment.

Subjects. Three subjects with normal vision par-
ticipated in the experiment. A1l were male students 20=23
years old, two of them students of psychology. The gub-
jects were naive as to the purposes of the experiment.

2.2. Regults and Digcusgion

The data of this experiment are summarized in PFigures 1
and 2. Since very similar general tendencies appeared in
the reports of different subjects, the errors were averaged
over the subjects. Thus, the mean values given in the Fi-
gures were obtalned as a result of measuring 90 times Dper
element position in each series.

In Figure 1 the curves represent the means of localiza-
tion errors per element position on display. As we can see ,
a localization error was revealed which increases with the
growing distance from the central fixation. A typical and
very importaent characteristic of this effect is, that the
error decreases again at the extreme end positions (except
at the right-most position in the third series). Thua, we
found, that the localization error function has a characte-
ristic M-shape (see Rauk, Luuk, 1978) - a result which has
been also decribed in other experimental investigations
using different methods (Averbach, Coriell,1961; Averbach,
Sperling, 1961; Haber, Standing,1969; Harcum, 1964a,b;
1970a,b; Lefton, 1974; Lowe, 1975; Merikle, Coltheart, Lowe,
1971; Merikle, Coltheart, 1972; Merikle,1976; Merikle,Glick,
1976; Hearty, Mewhort, 1975; Mewhort, Campbell, 1978; White,
1970; 1976; Butler,1975).

A different spatial localization curve became evident in
the fourth series (particularly, at the left-side positions)
~ in a condition, where the reference scale was mostly ab-
sent and only central and end-~points were exposed. 4lso, in
this series the least errors were obtained at the  central
and extreme outer positions in relation to other parts of
display. The deorsase of the mean error is apparently caused
by the decrease of the general variability of absolute iden-
tification. Figure 2 shows the variance of the absolute iden-
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with luminance about 30 nt served as elements in the rows
and the fixation point. Spatial separation between the two
adjacent elements in the row was 0.5°, thus the length of
the row i.e.. the area for possible target appearance sub-
tended 6° horizontally. In the present experiment, the lower
row of dots was used as the reference scale for an observer
to localize the target. The scale was illuminatead during
target exposure. In a single trial, one random element
from the upper 13~-dots row appeared as a target for 0.5 ms.
The experiment was carried out in four series which differed
in the number of illuminated points in the lower, reference
scale rows (1) in the first series all 13 scale-points
were illuminated; (2) in the second series 7 points of  the
scale were visible, so, that one position between sach  two
points was always skipped; (3) in the third series, the re~
ference system was once more changed and two positions be~-
tween the scale points were skipped, s0 5 points only were
illurinated (1.,4.,7.,10. and 13. as counted from the left);
(4) in the fourth series only a central and the both extreme
scale-points were exposed. In all series, each of the 13 pos-
sible target locations (in the upper row) was used.

The stimulation was fully controlled by the micxroproces-
sor (type 15 VSM-5) through a special interface and real-
time clock. The subject's answers were stored by the com-
puter and processed results were printed out after the whole
gequence of trials in a session.

Procedur e. The subject was sitting at the dist-
ance of 114 cm in front of the stimulus display with the
head fixed using a chin-and-forehead rest. He was asked to
fixate the fixation point binocularly. Before getting  the
instruction, the subject was acquainted with the stimulus
array and was told to assign the locations in horizontal row
with the numbers from 1 to 13 as counted from the left to
the right. The subject was required to perform absolute iden-
tification task: to report the number of the location where
the target had been seen. Microprocessor was programmed to
produce the randomized sequence of the target location in‘se-
parate trials through the series of experiment. The number
of trials for each target location was 30. One series of ex-
periment was conducted daily, it lasted approximately 1 houy
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tification performance. It is quite clear, that curves of
variance repeat the form of the mean error curves.

The difference of the results in the fourth series  wag
significant in comparison to the other ones ~ F (3,48) =
12.25, p £ 0.01. There were no significant differences bve-
tween the position curves of the first, second and third se-
ries. Nevertheless, there exists an apparent tendency in the
mean error to inocrease when the number of illuminated points
in the reference scals is increased. Decreasing the number
of scale-points mekes the curves more flat in shape,compared
with the whole-scale condition, and reduces their maxima .
The mean errors for the positions on the more central area
of display (from 4.-5. to 10.=11.) all were approximately at
the same level in the second and the third series. The last
phenomenon was also revealed in the fourth geries but for
the element positions 1.-9. Here we must note an  important
additional indicator im our localigation error curves.While
in most studles the mean errors of position localization or
percentages of correct responses for various positions had
been presented, only very few authors had paid attention to
the d i rection of these errors (Hearty, Mewhort ,
1975; Estes, Allmeyer, Reder,1976; Rauk, Luuk,1978).We found,
that in most cases the means of the errors were s hif ¢ -
ed towards the central fixation
P o i n t (positive error values in the Figures) and only in
the fourth aseries, especially at the left-side positionms,
the error means were negative. In other words, there exists
a general tendency to estimate the position of an object as
if it was more centrally located than it actually was. Such
effect attained it's maximum at the intermediate positions
between the central and end positions (positions 2.-4. and
10,~12.). At the extreme end positions, where the size of
estimation error had decregsed already, the main direction
of errors had maintained its sign. In the last case, it is
easy to understand, that for the most extreme positions
there was Oniy one direction (towards the fixation point) in
what the erroneous estimation was possible. 1t's mors surpri-
sing, that at intermediate positions such a strong effect of
error direction became evident. As we can see, only in
the fourth series the direction of errors wasn't firmly
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established. In that series, the most accurate estimations
were obtained (see the variance in Fig. 2). But yet , the
errors, directed to the fixation point appeared at  the
right-side positions. For left-side positions the mean er-
ror fluctuated around the O-value, having both positive and
negative values. It means that considerable amount of
responses were given with the error to the leftward (outer)
direction from the real location of the object.

Although it seems, that there exists little predominance
of the right visual fleld as to the mean size of errors,how-
ever, this difference still remains nonsignificant.

To conclude, one can say that subjective localization of
the test=object was executed in relation to the reference
freme. The central and the  two most eccentric points of
gtimulus area are most effective in this reference pattern.
These end points, or "anchor" points constitute the most
important part of the reference frame beside the fixation
point. Increased number of reference points in the vigual
field impaires locallzation accuracy (the positions were
identified in relation to these "anchor" points as before).
However now it was more difficult to localize the end-points.
This explains why the error, directed towards the fixation
point, was increased in case the complete scale was used .

" 3. Exveriment II

This experiment wes deslgned to study the question about
the role of presence or absence of the visgible reference sys-
tem during target exposure in a localization task.

3.1, Mpthod

Stimulation. The stimulus display was identi=-
cal to that used in Experiment I, except that it was turned
90°, to the vertical orientation. Thus, the fization point
was 0.25° to the left from the central point of the verti-
cal scale (beside the 7. point as counted from upward to
downward direction) and targets were exposed on the verti-
cal row 0.5° to the right of the scale~line. Complete refe-
rent scale with 13 illuminated points was applied throughout

the experiment.

* .
Gratitude is expressed to Juri Saar for help in data col-
lection in this experiment.
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The difference between the two series of this experiment
congisted in the temporal offset of the reference scale
during the stimulation in a single trial: (1) In the first
series, at the beginning of the trial, the scale was ex-
posed for 1.4 s, then, with 250 ms delay from the scale off-
set the target was presented for 0.5 ms. (2) In the second
serles, the reference scale was exposed at the moment of the
target exposure and switched off 250 mg later than the tar-
get. i

Procedur e. In this respect the study was identi-
cal to that of Experiment I. The subject reported the number
of the scale-point as counted from upward to downward.

Subdbjeot s. Three subjects with normal vision were

used: all female students 20-23 years old.

3.2._ Besulta apd Discussion

The data of Experiment II, sumparized over three sub=
Jeocts are exposed in Figure 3.
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ed scale during target exposure.
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The curves demonstrate the means of localization errors
per element position in the vertical row at the display. Ex-
ceptvfor vertical orientation, viewing condition in the sgme-~
cond series of this experiment ("scale") were very similar
to that applied in the first series of Experiment I. In both

cases, whole reference scale was exposed at the moment of
target exposure. 4s in Experiment I, the position curve in
the second series of Experiment II had two maximums and

three minimums. The maximum valuss fell on one of the inter-
mediate positions between the central and extreme peripheral
locations in both sides. The error revealed its relative mi-
nima near the fixation point and the upper-most and lower-
most positions. Harcum (1964b) had noted as one main result
from his long series of experiments about perceiving linear
dot patterns in various orientations, that the greatest lo-
calization*accuracy should be achieved along horizontal
plane of the visual field, and least accuracy should occur -
in case of the stimuli along vertical plane of the vigual
field (Harcum,1964b; Experiment 15). Harcum called the fac~
ta.:r, which produces such meridional differences a"sgengitivi-
ty factor" ( not to be confused with retinal sensitivity as
measured by conventional test-objects). According to Harcum,
it involves predominantly spatial interaction and localiga-
tion effects (versus reading factor, which reveals hemi-
field differences). As our results demonstrated, there were
no significant differences in localization accuracy between
the results of the two planes. The position curves in Experi-
- ment I and in the second series of Experiment II were very
gimilar to each other both in ghape and in size. One pos-
sible explanation of this difference in results is based -on
the differences in subject's task in Harcum's and our experi-
" ments, although the results are in a good agreement in seve-
ral other respects. In any case, we can conclude that abso-
lute identification paradigm (when locating a single object
at the linear row) does not involve essential differences
and difficulties for performing the task when the linear re-
ference patterns are exposed at various orientations. The
atrategles of performance were not altered in these orienta-
tions as we know from subjective reports of the subjects .
Rather,it is the density characteristic of the reference sys-
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tem, which alters the strategy of building up reports: the
results of the fourth series in Experiment I differ  signi-
ficantly from the other series in Experiment I, and also
from the results of Bxperiment II.

Thﬁs, we must conclude, that general M-shape position
curve is not only convenient to characterize the localiza-
tion procegs in horizontal orientation, but in vertical
orientation as well.(However, there exists a task condi~
tion, which can alter this M-ghape even in horizontal orien-
tation.)

A somewhat different shape of the curve was obtained from
the data in the first serles of Bxperiment II. It was the
condition where the illuminated reference scale was absent
at the moment of target exposure. Here one can see only one,
but nevertheless essential departure from the results of the
second series: the position curve was now V-shaped rather
than M=shaped. The differences in the values of mean  exrror
scores between the two series were not significant. As it
was stated by Averbach and Sperling (1961) and Mackworth
(1962a,b), the duration of the visual image is about 0.25 s,
but also may last up to 1=2 s. In our condition the target
was switched off 250 ms later than the scale, so the
great accuracy of localization without reference system in
comparison with "scale'-~condition may obviously be due toc a
nigh level of visual image utilization and usage of informa-
tion from iconic memory. It is known from the experiments
with item localization in letter rows, that a delayed cue
for letter recall may have little effect upon the position
curve. So, with simultaneous cue, the localization is better.
Nevertheless, the M-ghape of the curve (or W-shape, when ex-
pressed in correct respconse percentage) is not affected (But-
ler, Merikle, 1973; Town$end,1973; Lefton, 1974). In our ex-
periment, the curve was altered in it's shape, having two
maxima at the most eccentric positions and a minimum near
the fixation. It is obvious, that the absence of the scale
influences the more eccentric locations of the display, par-
ticularly the upper-most and lower-most positions. Imn rela-
tion to the second series, now the subject was required  to
perform a genulnely absolute identification at the moment of
target appearance. Fixation was the sole reference point in
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the visual field. This may explain the minimum of errors
near the fixation point (which is never equal to O). Around
the fixation point the process of lateral masking had pre-
sumably taken place, and due to this errors at the positions
6. and 8. were made prevalently towards periphery and errors
at the central 7. position fluctuated around the O~value.
Our V-shaped localization curve is most similar to that
obtained by Lowe (1975), when a single bar-marker localiza-
tion task was performed, only along horizontal plane. Our
results in the first series ("no scale") agree excellently
with Harcum's data for localization accuracy at various tar=~
get eccentricity locations along the vertical meridian‘(HAr-

cum, 1964b). In the "no scale" condition no marker of the
boundaries of the possible target exposure area in the vi-
sual field was present. Thus, the localization error wasg

continuously and increasingly made towards the fixation
point with increasing distance from flxation. It seems, that
such continuous increment of error is a result from the ab-
sence of any visible reference frame,rather than a simple
outcome from the target delay. Thus, the "end-segregation”
effect (Harcum, 1964a,b), which so fairly became evident in
Bxperiment I and in the second series of Experiment II, was
entirely reduced in the "no scale" condition of Experiment II.
The reduction of the end-segregation effect is usually
achieved withk continuous patterns, which extend so far from
the fixational center, that the ends are beyond the range of
effective vision (Harcum, 1969). The distribution of the data
using 21, 28, or more element patterns, subtended approxima-
tely 12-14°, reveal the best performance for elements around
fixation, haviug the values or chance level already at the
fifth element position to either side of fixation (Klemmer ,
1963; Harcum, 1969). We found, that the effective perceptibi-
lity was maintained upon the sixth (incl,) position on either
side of fixation, which occupies 6° in the visual field ver-
sus 4.5° approximately in the experiments refered to above
Thus, for vertical orientation the area of effective localiza-
tion is somewhat larger. However,it is very probable,that if
we had exposed the continuous vertical pattern without refer-
ence frame, mean error at chance level for more eccentric po-
sitions would have been obtained.
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4. Bxperiment IIL

It is our goal to clear up the possibility of the regu-
lar localization function appearing in other psychophysical
tasks. The detection procedure was chosen for this experi-
ment to find the position localization curves.

4.1, Method

Stimulation. The stimulus array consisted of
13 dots in horizontal row ( the upper row of light-emitters
in Experiment I). The fixation point was 0.75° below the
central point of the row at the viewing distance of 114 cm.

Procedure. While the logic of this experiment
was somewhat different from the previous ones, there were
also variations in stimulus exposition and subject's task.
In the beginning of a single trial, a random configuration
of 4, 6, or 8 dots from among 13 possible points was illumi-
ngted. Offset of this random configulation was followed by
a blank period lasting 100 or 1000 ms. 1t was interrupted
by the onset of one of 13 possible luminous point as a probe
stimuli. The subject was asked to treat this point as a
question: does that point belong to the configuration pre-
sented , or not? Exposure time of the target was unlimit- -
ed, but the subject was asked to make a decision as quickly
as possible. In one half of the trials the questiomed point
belonged to the configuration and in other half 1t did
not. Thus, the subjeoct performed YEBS - NO detection task
and consequently, it was possible to compute from hits and
false alarm probabilities sensitivity measure d',as it is
conventionally used in the Signal Detection Theory (Green ,
Swets, 1966).

There were two conditions varied for stimulug presenta~
tion: (1) the number of dots in configuration - 4, 6, or 8;
and (2) delay between the configuratsion offset and target
onset - 100 or 1000 ms. Six different series corresponded to
6 different combinations of these varlables. One series form-
ed two experimental sessions. Bach subject received 30 YES
and 30 NO trials per each target location in each series.

Subyjecta. The subjects were two female persons of
normal vigion,20 and 25 years old.
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4,2, Reguly D

The results of Experiment III are summarized in Figures
4 and 5 . In Pigure 4, as well as in TFigure 5, mean d's
across the subjects as a function of target position in ho-
rizontal row, are presented. One of the variables in this
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experiment was the number of illuminated points in the row
exposed before the target onset. In Figure 4, the position
curves, dependent upon the number of dots, are given. There
were no significant differences between the series with dif-
ferent number of dots in configuration in gccasion of va-
rious target delays,se , the data in Figure 4 are summarized
across the separate target delay values. Ag one can see, the
position localization curve has a M~ghape. The average d'was
greatest at the central position (in the Figures the axis
of 4' values 1s inverted, making it more plausible to com=-
pare it with the results of previous experiments). There is
a considerable drop in d' , moving off the cemtral point,but
the ends are again more accurately perceived than intermedi-
ate positionsg. Our results agree with Brannstrom's (1973)
data. In his experiment, the display consisted of letters in
various horizontal locations of a masking stimulus,but  the
task was identical to our's (YES-NO paradigm and probe tech-
nique).As a result, the effect of spatial factors upon the
accuracy of visual information processing during a single
fixation was expressed using 4' characteristic. In that ex-
periment, 4' reflected the decreased clarity far peripheral
retinal positions, but for the four-element sequence (with
maximum mask delay), considerable improvement in accuracy at
the most eccentric positions in both gides of fixation ap-
peared.

In Figure 5, there were no significant differences be-
tween the data from series with different target delay.igain
M-shaped localization curves appeared, almost identical to
that in Figure 4 in their minimum and maximum points. Con~
gsequently, the general M~shape of the curves was affected
neither by different number of dots in configuration, nor by
different target delays in the case of YWS-NO paradigm in =&
detection task. '

This experiment showed, that the performance was  inde-—
pendent of the complexity of the test configuration (with 4
points in the configuration there would be 715 different com-
binations, with 6 points - 1716 possible combinations in the
row). Consequently, every position was coded independently of
it's belonging to configurations at different complexity le-~
vels.



Sperling (1960) described the phenomenon of gradual loss
in short “erm memory. We found, that the detectability per-
formance does not alter significantly wlth intervals 100
and 1000 ms. Consequently, the variability in detection per-
formance d'over all positions is not comnected with the pro-
cesses that induce progressive deterioration with increased
delay.lt is necessary to stress, that visual position dis-
crimination performance is progressively impaired, with an
increase in temporal interval between compared signals ( cf.
41lan,1968).

It may be that the positional variability is caused by
some kind of attention process, which determines the degree
and accuracy of inver representation of different spatial po-
sitions. M-shaped curves make it very plausible that the po-
sitions are coded not in absolute terms but rather in rela-
tional terms. However, detectability, or "degree of attention”
given to certain spatial position, is determined by the
distance of that point from the extreme positions of the
string and the central fixation point.

5. Concluaions.

The present experiments demonstrated some interesting laws
of object position identification and detection in the visual
field with partial report techniques.

From the flrst two experiments, it became clear,that in
the presence of a visible reference system, in relation to
which the objects were localized, a certain kind of localiga-
tion error function appeared. This M-ghaped function shows
best performance for the fixation and the extreme positions
of the reference points. Obviously, these positions have
greatest significance for the subject in localizing any ob=-
ject in the field. The most accurate ldentifications for cent-
ral positions are obviously due to the greatest retinal aqui-~
ty at these positions.At the same time, this perceptual cla-
rity in central area caused subjective shifts of more periphe-
ral locations towards -the fixation point. This effect is
stronger with more exact exposure of the range of stimulation.
Consequently, the M-ghaped positional function was caused by
. the well-defined range of stimulation (reference system).If it
wag absent, as in the 4. series of Experiment I and the 1. se-
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ries of Experiment II, the M-shaped position localization
curves disappeared or were modified.

The subjects attempted, first of all to localize the .
boundaries of the stimulated area accurately i.e. the ex-
treme "anchor" points, due to this they paid more attention
to these points than to the remaining parts of the array.ln
the presence of the whole reference scale, at least, with
the scale of more than three reference points, the inter-
mediate polnts do not facilitate identification. That re-
sult (cf.Rauk,luuk, 1978) confirms the importance of "an-
chor" points. When the reference system was absent at  the
moment 6f stimulus exposure, the localization error curve
was V-ghaped. Consequently, without a defined region for
gtimulus appearance, there exiat tendencies to shift invo-
luntarily the "inner" representation of the boundaries to
the more central positions. 4s a result, a continuously in-
creasing centripetal error appears with more eccentric 1lo-
cations. '

Pogition localization in other psychophysical task ( de~
tection task in Experiment III) revealed the M-ghape posi--
tional function. This detectability function confirms, that
the error functions, obtained in Experiments I and II, were
not due to the naming of different spatial locations. The
most adequate explanation for these localization error func-
tions, both in identification and in detection tasks, seems
to be connected with some kind of attentional processes. The
greatest attention was paid to central and boundary regions
of the stimulus array. The "anchor" effect, described above,
needs further study.
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INTERAURAL PHASE SENSITIVITY TO SIGNALS WITH
DIFFERENT SPECTRAL COMPOSITION

Aavo-Bein Tereping Juri A11lik

Abgtract. Interaural phase sensitivity was measured with
signals of different spectral composition (pure sine=-tone,
1/% octave~wlide band of noise and 1 octave~wlide band of

nolse). 1/3 octave-wlde band of nolse was more effective
than pure sine-tone in the task of interaural phase detec~-
tion. The interaural phase of pure tonme and 1/3 octave-wide
band of noise were not detected when the frequency exceeded
41250 Bz. Phase detection, however, was possible above this
limit when the 1 octave-wide band of noise signals were
uged. The interaural phase threshold was about 70° for 14

octave~wide band of noise with the medium at 6300 Bz, It is
proposed that the differences in interaural phase sensli-~
tivity to signals with different speetra can be accounted
for by combination of tones which arise in complex signals.

1. Introduction

The existence of two ears is a natural prerequisite for
acustical space perception. The acustical signals in two
ears may differ in: interaural amplitude,time delay,phase ,
and difference 1in spectrum.

The interaural time delay and phase difference are often
considered identical phenomena. However the time delay coin-
¢cides with the interaural phase for a pure sine-tone only
by chance. It is well known in the stereophonic  sound-re-
oording practice that interaural phase difference is per-
ceived differently from time shifts in stereophonic channels.

Zwislocki and Feldman (1955) and Yost (1974) measured
phase sensitivity to interaurally presented pure tones.They
found that the phase sensgitivity is highest when frequency
of the pure tone is low (cf.Fig.14).The interaural phase
sensitivity vanishes,lf the frequency lncreases above
1300 Hz. But this is not the case with signals which have.
more complex abectral compogition, It was noticed in .stereo-
phonic recording practice that complex high~frequency sig-
nals can be distinguiahéd by interaural phase shift. The
present study is devoted to the interaural phase sensitivi-
ty to signals which have different spectral composition.
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2._Mothod

The observer compared two pairs of signals. The signals
consisted of 1-second sound pulses with slow rising and fal-
ling times of 25 ms. There was a 1 s time interval Dbetween
.two pairs of stimuli. Bach series of the palrs of signals
was separated from the preceeding and subsequent ones by an
interval of 3 s. The first pair of signals consists of two
pulses which were exactly in an interaural phase. The second
pair had two members which differed from each other by an in-
teraural phase., The observer's task was to detect the pre~
sence of the interaural phase in the second pair of signals
while the degree of the interaural phase was chosen  random-
ly by experimentator. The interaural phase threshold was de-
fined as a phase which was detected at a level of 75% cor-
rect answers. There were 6 observerys taking place in the pre-
sent experiments as subjects. _

Thred different kind of signals were used in the experi-
ments: (1) pure sine-tone with frequencies 125, 250, 500 , -
1000 and 4250 Hz; (2) 1/3 octave wide band of noise which
had the same medium frequency as listed above; (3) 1 octave
wide-band of noise centred around the following frequencies:
100, 200, 400, 800, 1600, 3150 and 6300 Hz. The stimuli were
presented through stereophonic ear~phones K 180/4 (produced
by AKG - Austria). The wide-band phase rotator was designed
by the first author in the laboratories of Estonian broad~
casting corporation ("Eesti Raadio").

3. Resulig
The results are presented on Fig. 1B. For a comparison ,

Fig.1A demonstrates similar results from the study by Zwis-
locki and Feldman (1956).

4. Digcusgion

The present results indicate that 1/3 octave wide-band
noise 1is the most effective for the detection of interaural
phase. The thresholds appeared to be lower for 1/3 octave
noise than for pure tones. Our results are in a good agree~
ment with previous studies showing that the interaural phase
gengitivity vanishes above the frequenciea about 1300 Hzﬁ.
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Fig.1.A. Threshold of interaural phase detection plotted
against the frequency of pure sine=-tone(results
from Zwislocki and Feldman,1956), B. Threshold
of interaural phase; dependent on the frequency
characteristic of the different signals:(1) pure
sine~tone; (2) 41/3 octave wide-band of noise;
(3) 1 octave wide-band of noise.Average results
over 6 observersg.

\
This upper limit suits well for pure tones as well as for
1/3 octave noise and is very close to the value obtained
by Zwislocki and Feldman (1956). However,Yost (1974) re-
ported that interaural phase shift of 32° can be detected
when the frequency is 2000 Hz. But we have some doubts
about the phase rotation procedure which was used by
Yost (1974). The phase rotation was achieved by a delay
line. As he reported, temporal delay could not be noticed
by an obgerver due to a relatively slow rise time of the
gound pulses (25 ms). .Nevertheless ,it is possible that
two signals with the frequency of 2000 Hz were discrimi-
nated by a temporal shift and not by phase difference, as
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Yost (1974) originally proposed. Indeed,the temporal delay
between two ears is expressed by:

at = a¥ /360" £ = 44+ 10°° 8,
where 8 = 32° is phase shift between two signals, and
£ = 2000 Hz is the frequency of pure tone. It 1s necessary
to remind that Békésy (1960) measured interaural time
thregholds using a train of clicks or 200 ms burst of noise
and obtalned a constant threshold of 19 ps . Similar re-
sults were obtained by Hafter and De Maio (1975); threshold
values of interaursl time difference at which were ob=-
tained with low-frequency (0.1-2 kHz) clicks were clearly
lower than 44 ps.

However, the interaural phase thresholds obtained in the
present study are somewhat higher than those reported by
Zwislocki and Feldman (1956) and Yost (1974).We suppose that
might be due to different experimental procedures to  pro-
duce the phase shifts. It is difficult to compare our appara-
tus and procedure to Zwislocki and Feldman's, since charac-
teristics of the procedure were not included in their pa-
per. However it is obvious that Yost (1974) used the delay
line for the generation of interaural phase shift of two
signals. Thus it is possible that the subject's report is
based on the temporal shift between onset of the signals
rather than phase of pure tone.

Finally it is essential to clarify the question of why
1 octave-wide band of noise makes it possible to discrimi-
nate interaural phase differencies on higher frequencies.One
possible explanation is an assumption that nonlinearities of
hearing produce the occurence of the combination tone. If a
stimulus is a mixture of two pure tones with frequencies £y
and fp, then a series of combination tones is produced whose
frequencies are determined by:

£, = £ - k(fg - 1,) ,
where k is an integer ( Zwicker, Feldtkeller, 1967;
Plomp,1975). It is known that nonlinearities that occur in
basilar membrane mechanics generate the combination tone
(Goldstein,Kiang,1968: Pfeiffer,On Kim,1973; Robles,Rhode ,
1974). When the interaural phase shifts, the subjective phase
between combination tones must change as well (c¢f. Buunen,
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Bilsen, 1974). In that case, 1-octave-wide band of noise
having the medium-frequency of 6300 Hz has combination tomes
in the frequency range in wﬁich the phase discrimination is
still effective. But it is not clear what lays behind the
difference between 1/3 and 1 octave wide band of noise. The
difference can not be explained by visual masking since the
lower frequencies effectively mask the higher ones, but not
vice versa (Zwicker,Feldtkeller, 196%). Finally,we have n%
answer to the question what is the most optimal band of noise
to interaural phase discrimination.That should be clarified
in further studises.
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MHTEPAY PAJIBHASL ©AS0YY BCTBATEMBHOCTD Y EAOBEKA U
SBYKOBHX CHUT'HANOB C PAMVMYHHM COEKTPAMBHHM  COCTABOM
A.-P.Tepenwar 0. AR
Pespwue

A3uepAaN mHTepaypaXbRYD® $a30BYD YYBCTBETEABHOCTD ¢
CETHAZAMN DASHOT'O CNEKTPAABHOT'0 COCTaBa ( CHHYCOR AAaAbHHIY
CRPHaA, I/3 OxTaBRAas E OKTaBHas moaoca myMa). 1/3 ORTaREad
nonoca ByMa OKa3axach SpPexTHEHEe OPR AETEKUHH WHTEpAypals -
BO# $as3w, ueM CHHYCOXpaAbHaA BOJHA NDPE Tolf xe AECTERUAM .,
BocHpEATNe WHTEDAYDAABHOR dasSy CHWHYCOMZAABHOrO CKTHAZa R
1/3 ORTaBHOIO myMa RETEKTHPYETCA XO 4acToTH I250 M'u.C cmr-
HaZavM ORTABROft HOXOCH EyMa AETERUMA WHTEPAaypaABRO#  Fasy
OR83a4aCh BOSMOXHO% TARXE Ha BHCOKNX 4acroTax. [lOpor MHTep-
aypazbao#t $asu Gua OROAO 70° I8A CNPHAAOB ¢ OKTABHOHl ©OXO-
CO# myMa CO CPeAHMM 3HaueHNem npx 6300 I'g.
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