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PREFACE

In the history of science it often happens that the urgent need for
practical know-how substantially stimulates further basic exploration
of the field concerned. This is very much true for the study of human
behavior with respect to new features in the tasks, given to the human
operator in many contemporary machineries. In the revolution as in
progress by large-scale introduction of automation, the development
engineer, who is responsible for the hardware, recognizes that human
capabilities and human failures have a decisive influence on efficiency
and safety of his costly equipments.

Essentially these well-worn facts stand at the base of the study as
reported in the underlying monography from the hand of Dr.Sanders.
The author graduated in psychology at Leyden University and then,
in 1956, entered as a staff member the Institute for Perception R.v.0.-
T.N.0. at Soesterberg. The institute is engaged with the scientific
study — applied as well as basic - of the perceptual capabilities and its
connection with human behavior.

Hethenmet there no colleagues of his own profession,but only physicists,
engineers and specialized medical-physiological people. All these
recognized — although it was not for all of them a fast process — that
the newcomer indeed mastered a good number of useful scientific
tools which had very urgently to be shared with their own in behalf of
the common goal, but who seemed to speak a different language. Some
time had to pass before in good harmony mutual cooperation, stimu-
lation and appreciation between the different disciplined scientists had
grown. Without the support given by so much distinguished colleagues,
especially in the anglosaxon countries — I here especially mention the
hospitality given by the Applied Psychology Research Unit of Dr.
Broadbent in Cambridge, u.k. where Dr.Sanders spend half a year in
1957-1958 - it would have taken more time.

In the report the author’s work on aspects of the functional visual
field is brought together. The position is taken by him that a promising



new general approach to the phenomena of set and attention is only
possible by a more detailed knowledge about the selective process at
the perception and at the assimilation of information. Single channel
transmission and discontinuous course of the selective process are
emphasized. Step by step the author anatomized, by different
conditions of presentation of visual stimuli, the general principles of
perceptual selective strategies. The conditions under which grouping
of signals in one single selective act or the successive handling of
stimuli occurs are studied in great detail. On the results a theory about
the selective process in the visual field is built in which distinction
is made between selective processes where both head and eye move-
ments are needed and where eye movements only or even steady eye
and head are sufficient to transmit the relevant information. Some

" implications for evaluation of the perceptual load in practical tasks

— it was this problem that did initiate the study — show perspectives
for future research in this field. The author clearly stated that for a
more general theory on set and attention there is still a lot to be done.
Let us hope that the synthesis, he has given of his own ideas, might
be also extended by his own further contributions.

MAARTEN A. BOUMAN
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CHAPTER 1

ON THE PRINCIPLE OF SELECTION

A.GENERAL CONSIDERATIONS
1. Introduction

The selective principle refers to the choice aspects of behaviour. The
organism, being continuously faced with a mass of stimulation, can
only assimilate a limited amount at a given instant and therefore a
choice is necessary. So only a few stimuli of the total mass are actually
processed; they affect directly the course of behaviour while the
remainder serves as a background.

From a common sense viewpoint there are several kinds of selective
activity. Selection can be “voluntary” or “involuntary”, a discrimi-
nation indicating wether the selection of the stimuli is more due to the
organism or to the stimuli itself. The term “attention’ has.been
frequently used in this context. Selective activity is also present
however, in cases where no attention seems to be required as in automa-
tised actions and in completely familiar situations. Further, selective
phenomena take place in a large variety of behavioral situations.
There is perceptual choice in various sense areas, there is choice
between solution strategies in problem solving and there is choice at
affective decisions. Thus, selectivity is manyfold and according to !
common sense opinion it is an essential condition to behaviour.

This has been clearly expressed by James (1890) in the classical
statement that “without selective interest, experience is an utter
chaos”. ~
Also from the objective and more experimentally minded side, there
has been a general consensus of opinion about the existence of selecti-
vity. As Gibson (1941) says, “the facts make it absolutely unavoidable”,
and indeed from the early observations on “prior entry” until the
recent research on dichotic listening and multisource tasks, evidence
has been brought forward that selection ~ and consequently rejection —
of stimulation takes place. Nevertheless, the selective principle has not
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received an important position in most modern theoretical formulations
on behaviour. Hebb (1949) argues that “psychologists have generally
recognized the existence of attention or the like ... but they have done
so reluctantly and sparingly, and have never recognized the fact in
setting up theories”.

As a reason for this situation, Hebb (op. cit) remarks: “the reluctance
is partly no doubt because of a feeling that the concept is animistic, in
some obscure way”. This animism refers to the general anxiety of
psychologists about the homunculus idea. Selectivity implies some
inner control of behaviour, which is independent of afferent stimuli.
From here to an inner agent sorting out those parts of stimulation that
can be used — the homunculus — is only a small step. According to
Attneave (1961), the rejection of the homunculus idea has two major

bases: “The first is a morbid fear of ghosts, that is a fear of admitting

into ones thinking anything that might possibly be suspected of

immateriality. The second objection ... has to do with the supposedly

regressive nature of the concept: If all the responsibility for per-

ception and actions is attributed to a homunculus, explaining his

behavior poses exactly the same problem as explaining that of the

whole organism and we have got nowhere”. L
Attneave argues, that neither objection is decisive since, “we may

suppose that, if a homunculus exists, it must certainly be composed of

neurons. In the second place it should be noted that we fall into a

regress only if we try to make the homunculus do everything.

The moment we specify certain processes that occur outside the

homunculus, we are merely classifying or partitioning psychological

functions”.

What is called “homunculus” in the Attneave paper is called the

“central autonomous process” by Hebb and it has received a large

number of other names throughout the history of experimental

psychology. They all point to the principle of selection or to the fact

that “responses are determined by something else besides the immedi-

ately preceding sensory stimulation” (Hebb, op. cit.). In itself this

fact neither gives a decisive answer to the mind - body problem nor

to the determinism - indeterminism controversy. It recognizes only

that the organism disposes of a directing function. How this function

is interpreted is another question: It might be entirely composed of

drives and learned schemata or habits, which work as a kind of filter

the incoming stimulation has to pass before further central processing

is possible. It might also be defended that the directive function is
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partly governed by free will. This is a philosophical problem, which
has to be avoided as much as possible in the construction of psycho-
logical models.

A second reason for the reluctant attitude towards selectivity is that
it is not easy to come to grips with the concept in empirical terms.

This is the main objection, put foward by Gibson (1941). Selectivity - -

is indicated by many termsas “set (in various connotations as neural set,
organic set and the like), expectation, hypothesis, anticipation,
foresight, intention, attitude, directing or determining tendency,
tension, vector, need, attention, perseveration and preoccupation”.
It is concluded that “no common meaning can be discerned, but
instead a number of ambiguities and contradictions have become
evident. The term has been found to correlate with different things.”
Consideration of this list teaches, however, that the “different things”
are likely to be different fields of psychological processes in which
selectivity can be active: problem solving, perception, social relations
and motivation. Discerning broadly, set, perseveration, hypothesis
and determining tendency have been mainly applied to problem solving
and learning. Attention, anticipation, and expectancy are used
foremost in perception. Finally, terms like tension, need, vector and
preoccupation have a clear connection with motivation and social
relations. So, the manyfoldness of selecl:tivity appears in a striking way;
selection seems intrinsically combined with the just mentioned factors.
Always “something” must be selected and what is going to be selected
is always determined by some motivational or habitional background.
Speaking about selective perception, selective learning etc., avoids the
danger of handling the concept in a formal or animistic way. On the
other hand this usage may explain the fact that “no comprehensive
theory has yet appeared that synthesises this array of facts” —i.c. of
set — (Allport 1955). If the data on selectivity in the various fields have
some common background this should still be possible however. If the
relation between selection and the specific field is expressed too closely
in terms of the latter, a common background - if it exists — may be
obscured.

The recognition of the importance of the selective principle and of
the need of a wider incorporation in the theoretical formulations has
been growing since world war II. Three reasons are present for this
trend. :



-

1. Developments in neurophysiology. The position of classical behaviour-
ism was that the nervous system consisted in fact of a collection of
neural routes leading from receptors to effectors. Only if excited by
incoming stimulation would they become active. Recent investigations
have shown that “the brain is continuously active in all its parts and an
afferent excitation must be superimposed on an already existent
excitation” (Hebb 1949). In this way, the original reluctance to accept
selectivity as an intervening variable between stimulation and motor
action on the basis of neurophysiological arguments, has been removed.
The central brain activity has even become an urgent problem in
neurophysiology itself, which has a clear effect on the psychologists
views as far as the theoretical importance of selectivity is concerned.

2. The closer relationship between the study of personality, perception and
learning. This culminated in the late forties in the “New Look”
movement. Investigations on the role of the perceiver in perception
emphasised the importance of motivational and habitional factors in
the perceptual process. Experiments were carried out for instance on
the relation between perception of ambiguous stimuli and personal
values (Bruner and Goodman 1947) and on the effect of familiarity on
recognition thresholds of words (Solomon and Howes 1951), which
seem to point to the existence of prevailing hypotheses or categories —
facilitating or inhibiting the response. Bruner’s theory was called the
“hypothesis — information-check” theory (Bruner 1951), to indicate
that the perceiver disposes of a pattern of expectancies — “hypotheses”
— about what will appear.

Some of the expectancies are due to short term experience, for instance
during an experiment. Others come from long term daily life experience,
e.g. the grouping of furniture in a familiar room. Finally, expectancies
can be derived from values and needs. Thus, stated generally, the
organism has a “perceptual readiness” before the actual stimulation

\- has reached his senses. (Bruner 1957).

The work on set formation in learning and problem solving experiments,
is more or less in the same line. A set to respond according to a special
solution strategy can be formed in the course of training on a certain
problem — e.g. the jar experiments of Luchins — which inhibits more or
less the readiness to consider other solution possibilities. Once a set has
been developed, the question arises how to overcome it again. Subjects
who are strongly bound to a pattern of sets, appear to be highly
ranked in rigidity tests and during the last decade much work has been
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devoted to the relation of set formation, rigidity and personality.
(Rokeach 1951; Frenkel Brunswik 1949; Luchins and Luchins 1950;
Sanders 1956).

3. A final development of research on selectivity was stimulated
by many practical problems in the human engineering branch.

Questions arose about the optimal time a radar operator could do his
watchkeeping task, without decline of performance. Also about the
effects on performance of environmental stresses, such as noise,
temperature etc. Data were wanted on fatigue, on the apprehension’
of simultaneously presented messages, on sensory deprivation, on
convenient arrangement of objects on a panel, on strategies in scanning
displays, and the list may be continued.

All these questions are strongly related to selection and rejection of
stimulation, for in most of the situations, certain stimuli must be
selected in favour of others. The research in this area has led to another
theory about the selective principle, i.c. the filter theory of Broadbent
(1958). The latter theory deals especially with the perceptual aspects
of selectivity. The set to respond in most experiments is determined
by instructions, instead of by the existing background of conditional
probabilities of past events — categories, — values or anything else. The
theory deals with questions about the maximum capacity of the
organism in the selective process, about the effect of shifting between
different senses during the selection of stimulation, about “distraction”
by non relevant stimuli. In general, it deals with the structure of the
selective process.

We have briefly touched the three major theoretical post-war trends on
selectivity. In addition to these, there are several other indications of
increasing interest in this topic. Some papers have appeared with the
aim to incorporate “attention” in the Hullian and the Gestalt approach.
(Berlyne 1951 ; Kéhler and Adams 1958).

Other theorists recognize that their formulation “has little to say about
attention or selective perception, but this remains to be worked out”
(Gibson 1959). Another sign of the interest from the research side was
the appearance of a “Bibliography on Attention” from the Wright
Air Development Centre (Kreezer, Hiel and Manning 1956). Finally,
the facts of set and selectivity have been treated extensively in the
volumes on perception by Vernon (1952) and by Allport (1955. Ch. 9,
15, 16).



In spite of the accumulating work, however, specific knowledge on
selective phenomena is still largely non-existent. In fact, systematic
research has only recently started within the framework of the theories
which have been mentioned. And, although the philosophical preju-
dices have largely been removed, the problem to handle selectivity in
experimental research hasnot been satisfactory solved. Furthermore the
terms attention and set — which are frequently used to indicate
selectivity — have a great historical burden. To get a deeper insight into
the difficulties we will continue with a concise historical survey on the
theoretical connotation of these terms.

2. The classical approach to attention

The bond between selection and attention stems from the early days
of psychology. This is clearly expressed in the work of James (1890),
who defined attention in terms of selection and who also composed a
kind of experimental research program.

The definition runs as follows: “Attention is taking possession by mind
in clear and vivid form of one out of what seem several simultaneously
possible objects or trains of thought”. From this the relation with
selectivity is obvious: one object or train of thought is selected and the
other possible ones are rejected.

But there is more, for attention is also related to a “degree of intensity”.
This conforms the common sense opinion, in which a person’s state of
alertness is indicated by means of attention. One can be more or less
attentive towards a certain matter.

So attention has two sides: selectivity and intensity. Especially the
latter aspect would be measurable as a continuum. Selection can be
described in qualjtative terms. One may determine what is selected ina
given instant and what in the next one. Nevertheless there seems to be
at least one quantitative aspect since it might be measured how much
stimulation is — or can be — assimilated at the same time. So — according
to James — a major problem in selection is, to what extent two tasks
can be performed at once.

This seemed to be a fair and promising basis for further research but
unfortunately progress remained minimal for a number of decades.
The main reason for this lack of progress was the general tendency to
separate the selective aspect from the intensity aspect in the defi-
nition of attention.

In the classical theories — Wundt, Titchener and Miiller — the intensity
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aspect of attention was taken as the heart of the matter. Although
this approach may seem permissible at first sight, it led to great
difficulties. Especially the problem arose how to discriminate between
attention and the perceptual act. In Wundt’s theory, for instance, the
difference between attention and apperception is difficult to trace.
Attention was defined as “the state which accompanies the clear
apprehension of a mental content and which is characterized by
special feelings”. The predominant feelings are mainly those of “being
occupied” and of “facination” (Leidenschaft) (Wundt ~ 1896, 1911).
In comparing this definition with that of James, it is striking that the
choice aspect has largely disappeared. The mental content is looked
upon as something “given”, without the consideration of alternative
contents. Apperception is defined as “the action by which a mental
content is clearly apprehended”. The only distinction between attention
and apperception is that the former refers to the accompanying state
of feeling, while apperception is used to indicate the event itself.

Yet we must recognize that the selective side of attention is not
completely absent in Wundt’s formulations. His thesis that only a
limited number of images has access to consciousness at a given time
(span of attention) implies something like selection. This side of
Wundt’s theory is extended by the discrimination of the “Blickpunkt”
and the “Blickfeld”. These concepts indicate mainly a difference in the
degree of clearness in which the images are apprehended, being maxi-
mal in the Blickpunkt and increasingly vague in the Blickfeld. Only the
images in the Blickpunkt are apperceived, according to Wundt. The
reason for the distinction between Blickpunkt and Blickfeld was the
experience that, next to those images that were clearly apprehended,
there was “something more”’.

Another aspect of selection within the Wundtian theory, was the
possibility to dissipate and concentrate the Blickpunkt: it could be
concentrated — or narrowed — with the result that the number of
images, simultaneously apperceived, decreased at the gain of a higher
clearness of the remainder. Dissipation occurs if the Blickpunkt is
widened; then more images enter with a loss of clearness however.
Wundt illustrates this point with the observation that-normally one
can recognize several words at a single glance. In determining the
specific form of one letter; however, the other “are withdrawn in semi-
darkness”.

Although the concepts of dissipation and concentration stimulated
some research within the Leipzig school ~ e.g. Wirth (1907), Kédstner
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and Wirth (1907) — the basic questions about selection did not enter
the picture. Mainly because the element of choice was consistently
left out. It is curious that, when the choice element was inherent
to an experimental task, the results were not discussed in terms of
selection. So experiments on prior entry — “Komplikations-Versuche” —
were related to “time-sense”, instead of to “an attentive predispo-
sition favoring earlier clear perception of one signal” (Boring 1950).

The trend to neglect the selective aspect of attention is still stronger
in Titchener’s theory. Here attention was reduced to a mere attribute
of the sensation. Besides intensity and quality, a stimulus could have
a certain degree of sensory clearness, or “attensity”, Attention was
defined as the “sensory motor affective reaction of the organism to a
stimulus” (Titchener 1910).

Again, the relation between attention and the perceptual process itself
became a very urgent problem. To illustrate the problem, we can
mention that during the twenties many publications were devoted to
the question of distinguishing between attributive —i.c. ,,attentional”
and cognitive clearness of the sensation.

It was proposed by Dallenbach (1920) to eliminate all cognitive
elements in the experiments on attention in order to get an approach
to attributive clearness., This resulted in verbal reports, obtained
by the use of meaningless stimuli. The reduction to “sensory clearness”
caused, in fact, attention to become a meaningless concept. .
Very typical was the way the Cornell investigators looked upon the
question of “span of attention”. It was concluded by Glanville and
Dallenbach (1929) that “range is not a proper question to set in at-
tention. The attentive consciousness is an integrative whole and as
sich the range is always one — namely a certain level of clearness.
Questions concerning the number of contents that may be simul-
taneously experienced are questions that concern cognition and not
attention”. Now it is admitted that the “span of attention” is rather a
question of maximal cognitive capacity. Such was already the opinion
of James and this is also held in modern literature — e.g. Miller (1956).
Nevertheless the very fact that the human organism has a limited
cognitive capacity is of direct importance: it asks for selection as soon
as the organism is overloaded. This was not recognized by Titchener
and coworkers, due to their experimental method and their definition.

Similar difficulties arose in the theory of Miiller (1923). Again the
o .



intensity aspect of attention was dominant in this view. As is known,
the Gestaltists had violently attacked the mosaic theory of the atomists.
Miillers theory may be regarded as a final attempt to defend this view.
It is stated that attention may work as a kind of chemical katalysor,
giving the Gestalt to a complex of elementary images. Directing
attention towards a stimulus, the nervous processes are facilitated,
enabling the appearing synthesis of the elements. Instead of an
attribute of the sensation, attention is taken in this view as a formal
brain activity. Although this is the opposite of Titchener’s view,
Miiller arrived at the same difficulty, namely the identification of
attention and cognition.

The view has been severely attacked by the Gestaltists (Kohler 1925)
who stressed that the Gestalt should be considered as something
“directly given,” without needing a further explanation in terms of
attention. Rubin (1921) had already published his paper on “the
non-existence of attention,” arguing that attention is used as a mere
“ad hoc” concept, a deus ex machina in the explanation of perceptual
phenomena.

Metzger (1954), discussing Miillers theory, stated: “attention in fact,
does not mean any more than wakefulness and being directed towards
a special sensory field. In Miillers view, attention does not cope with
the experiences the attentive man gets from his own behaviour” and
“according to Gestalttheory, attention may cause a splitting up of
the Gestalt by analysis, while it synthesizes the percept in the atomists
views”. Criticisms of this kind highly restricted the influence of
Miiller’s theory and it is only mentioned in this context, to illustrate
how the attention concept had come into a deadlock: continuously
the theorists shifted away from the original common sense meaning, in
which direction and intensity are fully integrated moments.

This error cannot be considered as exclusively adhering to the classical
“consciousness” theories, for the immediate successors of James also
failed to treat attention in a fruitful way. Again attention was taken
exclusively in the sense of degree of intensity. It was suggested that
this factor should be approached by means of measurement of perfor-
mance and reaction time (Mac Comas 1922, Wells, Kelly and Murphy
1921). Performance and attention were confounded however, sothat
different tests, in which it was attempted to measure, say, distribution
of attention, did not correlate with eachother (Neill Mc Queen 1917).

Other investigators restricted their aim to the measurement of inten-
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sity within one task. According to the common sense opinion, at-
tention must decline after a long workperiod, since the subject gets
tired. In this way it was expected that performance would decrease as a
function of workspell. In fact, this was not confirmed by experiment.
In a study by Arai, for instance, subjects worked eight hours at a
stretch on a mental arithmetic task, without any significant decline.
(Thorndike 1914). Thus, the general suspicion against the notion of
attention, that was already present in behaviorists circles, was
extended to the concept of mental fatigue. Both attention and fatigue .
seemed to be unmeasurable (Musico 1921).

The doubts on this point were again strengthened by the failure to
show distraction phenomena in the experiment. The idea that en-
vironmental stresses, like noise, high temperature etc, exert a negative
effect on the intensity of attention — and therefore on performance —
was not confirmed.

The consequence was, that any attention concept was abandonned; the
common sense opinions were considered as false.

3. Set and attention '

It has been described in the previous section how the concept of
attention came in a deadlock and that it was rejected by Gestaltists
and Behaviorists. No re-evaluation of the concept took place, untila
few decades had passed. In the mean time some investigations on
selective phenomena were carried out, though not very systematically.
As an example we can mention Kiilpe’s work on “abstract behavior”
(1904), in which it was shown that perception can be affected by
instruction. When instructed to notice form qualities of the stimulus,
other aspects, like colour, were reprdduced less well. The subjects
could be “set” towards perceiving certain qualities rather than others.

Set is defined by Allport (1955) as “the preparatory or facilitating
condition of the organism that precedes, accompanies, or may.even
outlast the completely executed overt behavior or the act of perception.
The act, implied in the set, will be brought to complete performance;
all other acts, barring intruding circumstances that might impel a
chance, will be excluded”. Stated in this way, set is synonymous to
selectivity, including those mechanisms that determine what is going
to be selected. To the Hullian behaviorists set equals habit, if it has
been learned and drive if it is innate. As was done in the introduction
we can speak about a “pattern of sets”, when we mean a pattern of
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attitudes or traits — in the sense of Allport (1937). So far the Bruner
approach towards selectivity is engaged with the effects of sets on
perception.

On the other hand, a set can also be a very peripheral matter, for
instance when the subject is instructed to deal with certain stimuli
rather than with others. In general the term “set” has no pronounced
character and it has rather served as a vague reference to the factors
just mentioned. As said, a theory of set is absent and also Gibson’s
doubts about the usefulness of the concept were mentioned (see
page 3).

Now, in more recent formulations, there has been a tendency to
indentify attention with set. So Guilford (1946) defined attention as
“the process of selection of what is going to be observed”, which
formulation is very near to the Allport definition of set. In Hebb’s
definition attention and set are also similar: “The facilitation of one
phase sequence on to the next” (Hebb 1949). A
In this way, however, the selective aspect of attention is detached
again from the intensity side - although to the other extreme in com-
parison with the classical theories. The objections against this line
of thought are obvious: in many automatized actions, where strong
patterns of set are at work, we cannot speak of attention in the original
sense of James. In fact the whole “new look” movement has been
dealing with “set” phenomena in which no attentional aspect can be
discovered.

Instead of an identification of attention with the perceptual material,
here attention is getting more or less the meaning of underlyingj
mechanisms of selection. An identification of set and attention seems
dangerous for this reason. The terms may be rather used to discriminate
between two supplementing aspects of selectivity. In “set bound”
selection the actions run off without being sustained by external
stimuli or inner control. To explain such processes we would never be
tempted into the homunculus assumption! In speaking on attention,
sustentation seems essential however. It is true that “attention
bound” actions can include a pattern of sets but it seems impossible to
describe this class of actions merely by set. -
This conclusion is also drawn in a recent paper of Brown (1960). He
remarks: “It is suggested that attention is directed towards a problem
and not necessarily to the task at hand”. Hebb arrives at the same idea

in his 1955-paper, especially as a result of the findings on arousal.
(see page 15).
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4. The measurement of attention

In relation to selective phenomena there remains the crucial question
whether adequate ways of measurement can be found. The develop-
ment of a theory which exceeds the phenomenal and common sense
level, is dependent on operational dimensions, where adequate quanti-
fication is possible. In the preceding sections we have seen the phenome-
nal startingpoint of James with respect to the selective principle and
several theories have been analysed in relation to his postulates.
However, whether James’ description is useful can only become clear,
if it leads to adequate methods of measurement. This means that
intensity of attention should be only measurable by reference to
selection of stimuli.

It has been shown that the early methods had largely failed: whether
measured introspectively or in terms of objective performance, the
danger of identification of attention with perception was urgent. As
Bills (1931) stated: “The loss of meaning of the word attention was
due to its identification with the conscious effect, rather than with the
process producing that effect”. The experiments of Bills (op. cit) show,
that — avoiding this danger — quantification of the degree of intensity
is possible and indeed in terms of selection. The importance of this
idea was not immediately recognized and, in a sense, Bills paper was
rediscovered during and after the second world war, as the research on
attention got its strong impetus.

The experiment went as follows: in a study on colour naming, the
subjects responded continually since after every response a new
stimulus was immediately presented. Analysis of the reaction times
showed that short pauses occurred from time to time, during which no
response was given. The pauses — “blocks” — increased as a function of
time producing a greater irregularity in the flow of reactions. Moreover,
there was a consistent tendency for errors to occur in conjunction with
the blocks, suggesting that the cause of blocks (and errors) lay in a
recurrent low condition of mental functioning. The effect did not lead
to a decrease in the number of reactions, since the pauses appeared to
be levelled out by more rapid reactions. So it was rather an effect of
variance than of mean.

This result — that in fact had already been obtained by Woodworth
and Wells (1911) — was confirmed by Broadbent (1953), who has also
provided a theoretical framework. Wondering what happens during the
blocks, Broadbent holds that the selection of task stimuli is momentary

12



interrupted. The longer the subject is engaged with the task - i.c.
colour naming — the more often this appears to happen, pointing to an
increasing trend to shift away from the task. This “shifting away”
can be either a matter of selecting other stimuli or it may be due to
momentary blanks (Broadbent 1958).

Assuming the former theory, which seems most plausible in view of the
experimental results (Broadbent op. cit), one has arrived at the idea
that, during the task, there is always a trend to select task stimulation
and one to shift away to other-irrelevant-stimuli. The strength of
these trends can be measured by estimation of the number of blocks
over a certain period of the task. The more shifts, the less strong the
tendency to deal with the task — or the less the intensity of attention
towards the task. After some time of work “the selective filter becomes
satiated of selecting the same kind of information” — says Broadbent
(op. cit.). L
So, in fact, this theory suggests that intensity of attention can be
measured behaviorally by considering the degree to which one tends to
select task information continually. This can be also illustrated by
other situations, where involuntary rather than voluntary atten-
tion is involved. It was found by Karslake (1940) that the ranked
“attention-value” of a number of objects correlated highly with the
number of eye fixations, made at each of them. Thus, the object that
was perceived “most vividly and clearly” was also the one, which was
fixated most frequently by the eye. On the other hand, the relation
between number of eye fixations and the area of largest “attensity”
in Titcheners sense — and thus detached from cognitive elements —
was shown to be absent (Guilford 1936, Mc. Millan 1941) “Attensity”
did not correlate with the operations of the eye.

A stnklng difference between the classical methods and the one just
described is that in the former one continually aimed at determining
the intensity of attention in one particular moment, while the latter
method emphasizes that intensity should be measured by considering
a whole sample of subsequent selective acts — eye fixations, reactions
and the like. This time-element is indispensable and determination in
one moment is behaviorally impossible: in that moment the stimulus is
either selected or not. =
In the classical theories, the time-element was treated apart from the
level of clearness in the topic of “duration of attention”. Usually
a stimulus was presented to the subject and, by pressing a key, he had
to indicate when his attention wandered away from the test-object.

13
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According to Le Roy Billings (1914) this always happened within a
few seconds. Accepting the introspective methodology of this experi-
ment for a moment, the finding is not surprising: in selecting the same
stimulus during successive selective acts, the selective filter will
rapidly become satiated. Since no new elements appear in the “task”,
the tendency to shift to irrelevant information will be predominant
after a few seconds. If more complex stimuli are presented, more time
will be needed to reach this state, as was also found by Le Roy Billings.
Such inspections are not comparable however with continuous re-
action tasks where new stimuli are presented every time. In the latter
approach duration and intensity of attention are alike.

Apart from the “blocking” method, we have to discuss psychophysiolo-
gical measurements of intensity of attention. It has been known for a
long time that the state of alertness is correlated with certain physiolo-
gical variables as muscular tension, skin conductance, heart beat rate,
breathing etc. Using such variables as measures, a number of investi-
gators, belonging to the “energetics group”, have stressed the impor-
tance of the intensity dimension of behaviour. (Duffy 1951, 1957:
Freeman 1948). For instance, experiments on the effect of induced
muscle tension on performance seem to indicate, that work improves
if an optimal degree of tension is induced. (Courts 1942; Bourne 1955).
On the other hand, these variables proved to be less useful as methods
of measurement if the task was perceptual rather than motor (Bartley
and Chute 1947). The relation between the E.E.G. wave pattern and the
degree of alertness seems to offer more possibilities in this direction.
States of deep sleep, light sleep, relaxed wakefulness and highly
alerting conditions show different wave patterns varying from large
low frequency waves to a predominance of beta waves. Moreover
“there is also a change from a regular synchronized appearance of the
tracing to an irregular desynchronized tracing”. (Malmo 1959).
Recent findings also stress the importance of the ascending reticular
activating system as an arousal or activation centre in the brain:
“Lesions in this centre abolished the wave pattern of the E.E.G.and
produced a behavioral picture of lethargy and somnolence”. (Malmo
1959) Interesting for behaviour theory is the idea that there is an
optimum of arousal in order to produce optimal performance. When
the arousal system is overstimulated, performance decreases again.
According to Hebb (1955) and Malmo (1959), arousal is synonymous
with the “general drive state” — so without the steering component.
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Arousal is considered as an energiser, not as a guide, although it is
clear that both factors cooperate in behaviour: without any arousal,
no selection of stimulation takes place. Which stimuli are arousing and
which are not, is not decided upon by the arousal centre itself, but by
the selective mechanism and its underlying stimulators as habits,
needs, motives etc.

In Hebbs terms (1955): “The thoroughly familiar arouses a well
organised phase sequence: the very fact that it is well organised means
that it runs its course promptly, leaving the field for less well es-
tablished sequences”. Only the latter — referring to less established
memory traces — will evoke perceptual selection in the proper sense,
which may be expressed as a highly frequent reciprocally neural firing
between the arousal centre and the phase sequence in question.
Novel stimuli should have a high attention value in this way, which
has been reported indeed. (Berlyne 1951).

This account deals mainly with phenomena of involuntary attention.
As to voluntary attention the interrelation between arousal and
selection is even clearer. The level of arousal must be maintained for
the bigger part by “internal reverberation” in such situations (Hebb
1949) and the arousal centre is much less stimulated by the outer
events than in cases of involuntary attention. Monotonous tasks
therefore, will tend to decrease the arousal level with situations of
perceptual isolation as an extreme (Bexton, Heron and Scott 1954). _
The arousal theory can be considered as an important modern approach
to attention, since it integrates behavioral and neurophysiological
findings. From the measurement point of view it is important that it is
possible to approach the intensity of attention by means of the E.E.G.
records, so that the operational handling of the concept is promoted.
How widely this technique makes sense in the study of behaviour is
still difficult to determine at this moment. Especially the correlation
between changes in E.E.G. wave pattern and the course of performance—
blockings — will be of interest. This has been investigated by Drever
(1958) who measured performance in a vigilance task simultaneously
: with the E.E.G. The result was disappointing since no difference in the
wave pattern could be shown between moments that signals were
detected or not. .

But perhaps this result is natural since the missing of a sign does not
seem related to a momentary state of low mental functioning (paraly-
sis theory), but rather to a state of being occupied with something else.
(distraction theory). The paralysis theory predicts changes in the
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E.E.G. record during blocks, since the general intensity level of attention
is supposed to be low. If blocking is explained as a consequence of
distraction, arousal may be equal, while the direction of attention has
changed. This will not appear in the E.E.G. record, since it measures
only intensity. In this way, the observation that physiological and
behavioral measures disagree in many cases in the field of attention
(Drew: personal communication) is likely to be again due to the fact
that — physiologically — intensity and direction are separated, which
has been shown to be impossible in behaviour. The arousal theory has
stressed this point.

B. THE STRUCTURE OF THE SELECTIVE PROCESS

5. The filtertheory of Broadbent

' It has become clear from the foregoing that knowledge on the selective
principle can progress rapidly if more is known about the structure of
¢ the selective process, as it goes on in the sequence of actions. We have
seen that intensity of attention may be measured properly by this
means and speaking more generally — if we could find out which and
how much stimulation is selected in a given instant, we could say a
great deal more about the momentary interaction between stimulation,
intervening factors and responses. As long as knowledge on this
rather formal aspect of selectivity is insufficient, incidental data about
attention and set may accumulate, but systematic progress is im-
probable.
This can be drawn as a general conclusion from the foregomg analysis.
It seems an important result, since it pinpoints our interest to this side
of the problem: what is known about the selective process. It has been
“the great merit of Broadbent, that he has provided a theoretical
framework, which contains a promising start of the description of the
selective process. His.formulations were touched upon already in the
introductory section and in that on the measurement of attention.
_In the present section we will describe the theory more detailed.

T According to Broadbent selection of stithulation is imperative since
only a limited amount of stimulation can be assimilated at a given
instant. The process can be represented by means of a single channel
communication system.

This notion is important with respect to the classical question,
whether or not two things can be done at once. The classical studies had
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provided ambiguous results on this point. In the experiments of Binet
(1890), for instance, subjects were instructed to perform a mental
arithmetic test in combination with the rythmical pushing.in of a
balloon with intervals of a'second. There proved to be a gain of time
if the two tasks were carried out simultaneously in comparison with
two single performances. The gain was small in the beginning but
increased as a function of training, which may have been due to
automation of the pushing task. :

Other research dealt with the question, whether two simultaneously
presented signals could be assimilated at once. This had been investi-
gated already in the early studies on prior entry and more recent
German investigators were also occupied with this problem (Mager
1925, Eliasberg 1930, Pauli 1930, 1937). They arrived at the con-
clusion that only one signal can pass at a time. The second one has to
wait until the first is assimilated. After World War 11 this work was
carried on by Broadbent and coworkers and by the investigators
on the so called “psychological refractory period” (see Chapter 3
section 4).

A second main feature of Broadbent’s theory is that the capacity of
the transmission channel is not determined by structural features of
the stimulation at hand but rather by its information content, which
depends upon the number of alternative stimuli which can possibly
appear. If stimuli do not contain information or if a group of stimuli is
easily recoded — as in completely familiar situations — they can pass
the channel without requiring much of its capacity. Thus the impor-
tance of the information concept is especially clear in relation to
completely “set bound” actions.

According to Broadbent the incoming information has to pass a
selective filter in order to be processed. The non-relevant information
is rejected by the filter and, moreover, parts of the relevant signals
cannot come through if the total amount of relevant information
exceeds the limits of the transmission channel. Although in a different
terminology and theoretical background, this point has some re-
semblance to the Wundtian notion of “Blickpunkt”, which was also
considered to have a maximal capacity. Dissipation and concentration
of attention return in the modern formulations by the finding, that if
too much information arrives, the signal can be transmitted in a more
global way (v.d. Geer and Levelt 1963). A further hypothesis of
Broadbent’s theory is that the intake of information happens discon-
tinuously: “We might suggest that the incoming information can only
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enter the perceptual system in segments of a given length” (1958
p- 280). — See also Hick (1948) and Welford (1960). This postulate may
seem incompatible with James statement of the stream of conscious-
ness. The fact that the processing of information has a continuous
character in experience is not decisive however, since the discontinuity
may remain unnoticed. It was found by Biel and Warrick (1949) that,
when a timelag was inserted between the moment that a control is
handled and the moment that the effect of this action became visible
on an indicator, no discontinuity was experienced as long as the delay
was less than 75 milliseconds. So, if successive perceptual samples
follow each other rapidly, it is likely that the discontinuous character
is not noticed.

A beautiful example of a process that proceeds in discrete steps,
while it is experienced as continuous, is encountered in reading.
Instead of sweeping smoothly across a line of print, the eyes show a
series of fixations at several points along a line. During each fixation a
sample of words is taken in, the actual quantity being dependent on
various factors, such as practice and difficulty of the material (Wood-
worth and Schlosberg 1954). It seems a fairly plausible working
hypothesis that the intake of information always occurs in successive
steps.

The way the information reaches the senses is not indifferent for the
success in transmission, according to Broadbent. If two messages are
presented to both ears simultaneously, they can be handled with
some success if the total amount of information is not too high. If
the messages are given seperately, one to each ear — dichotic presen-
tation —, one message is almost completely lost (Broadbent 1954). Even
a change in language in the neglected message is not noticed. Highly
affective elements — as calling the subject’s own name — can, however,
break the attentional bond to one ear (Moray 1959). So, if two messages
must both be responded to, there is no advantage in dichotic presen-
tation compared with binaural. There is an advantage if one message
has to be ignored. Shifting attention from one to another sensemodality
seems to take some time, which may lead to a decrease in efficiency,
when visual and auditory information is presented simultaneously, and
when both messages must be responded to.

This account strongly suggests that information, which does not pass
the selective filter is blocked almost completely, though not necessarily
altogether. There remains some vague entrance of not-accepted
stimuli, which is clear from the finding that affective stimuli are noti-
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ced. The subjects also notice changes in formal characteristics — e.g.
change in voice — in the dichotic listening situation.

Furthermore, a recent investigation of Broadbent and Gregory (1963)
suggests that blocking is not complete, although the threshold is
highly increased. We may conclude that however much one is occupied
with a task, there is always some space left to detect relevant non task
stimulation. In fact this idea reflects to a great extent the Wundtian
distinction between apperception and perception — the latter considered
as the experience that, apart from the apperceived material “there is
something more”.

Although some details of Broadbent’s argument are disputable (see
next section) the theory is a quite promising approach. It should be
said that the further theorising in this study is largely founded on this
pioneer work. Although it does not imply that measurement of the
selective process has become a simple matter, a firm basis for further
research is now available. In the next section, we shall discuss some
aspects of his theory which are especially concerned with the measure-
ment of the selective process.

6. On the measurement of the selective process

As to the measurement of the selective process, two postulates of the
filter theory seem essential i.c. the single channel assumption and the
idea that the intake of information happens in discrete samples.

The latter hypothesis is especially important, since it pinpoints the
approach to the selective process. Measurement of the selective
process becomes identical to measurement of the discrete selective
act or, as Broadbent says, the perceptual sample, The advantage of
this shift is that we can direct our research to specific questions about
the characteristics of the selective act. The selective act is here defined .
as the discrete event — strictly limited in time — in which a certain
amount of information is selected in order to be further processed.
According to the single channel view the amount is limited. In princi-
ple, the selective act — or the perceptual sample — can contain “outside”
information as in inspection work and other perceptual tasks, as well
as “inside” information, as in thinking, day dreaming, rehearsal etc._)
Both ways of process are combined in feedback activity in which
motor actions are visually controled — e.g. tracking work.

A great difficulty with respect to the selective act — and therefore with
respect to selectivity in general — is however that the existence of the
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selective act is still a hypothesis, although ~ in view of the experimental
data — a plausible one. At the present state it is not possible to measure
its characteristics directly. At best, certain qualities can be inferred.
The operational anchorage of the perceptual sample is one of the major
problems in Broadbent’s study. -

Rapid progress in this area would be possible if more was known about
the time taken by a selective act, especially if this should prove to
be relatively constant in various situations. The latter view is defended
by Broadbent, although he admits that “it cannot be regarded as even
tentatively established”. The time needed for a selective act is thought
to be about } sec. This quantity arose from the discussion of some

~-- . experiments from Cherry and Taylor (1954) and Schubert and Parker

(1955).

When speech was presented alternatively to one ear and the other,
a dip in intelligibility existed if the speech was in one ear for about
% sec. The same dip was found if all speech presented to one ear was
left away, sothat 509, of the speech was presented to one ear only,
with evenly spaced interuptions. A further finding concerned the odd
fact that the dip decreased if in the alternating condition noise was
inserted at the times that no information arrived at one of the ears.
Assuming that information is sampled during } sec before transmission
takes place and assuming that the shift from one to another ear
cannot take place during the sampling (see page 26), one may
explain why the dip occurs in the two ears case. In the one ear case the
dip should appear for the same reason. “The fact that the speech is
present for only the first half of each sample impairs the chance of
a correct decision as to the nature of the sound delivered to the ear”
(Broadbent 1958 p. 214). Apart from the “ad hoc” character of this
statement, it is also not clear why noise insertion should recover
intelligibility in the two ears case. The remark that “noise insertion
may blur the dip” (p. 215) does not clear this point.

The constant time length is further applied to explain some phenomena
met in studies on the “psychological refractory period”. When two
signals are presented in rapid succession in order to be responded to,
it has been found in some studies that the second reaction time is
retarded in comparison with the first one, according to D = Rt;-I
(I < Rty), where D stands for the delay, Rt, for the first reaction time
and I for the interstimulus interval. So, the delay takes a full reaction
time. This is surprising, even in the light of the single channel theory,
since one would only expect a blocking of the second signal during the
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central transmission period of the first signal. There is no reason why
the peripheral conduction times are hampered. Assuming that a
selective act lasts  sec., a possible solution is offered, for in that case
the second signal has to await the moment that the sampling time of }
is finished before transmission can take place. Occasionaly both
signals can fall into the same sample especially if I is short, and then
no delay of the second reaction time in comparison with the first one is
expected In some studies, this is indeed found - Welford (1952, 1959) -

but it is absent in others (Davis 1956, 1957, 1959). The lack of general :

occurreénce of this phenomenon — called grouping — offers a difficulty to
the idea of constant time length of the selective act. One would expect
that, at small intervals (< 0.1 sec.), S, and S, would fall in the same
segment most of the time, while this should still occur occasionaly
atT = 0.3. .
Moreover the reference to reaction time is fatal to the theory, since one
would expect a similar process of finishing the selective act before
taking action, in single reaction situations. If the stimulus drrival and
the start of a perceptial sample, or a selective act, fall together, and
Broadbent is vague on this point, we would predict at least a reaction
time of } sec., apart from the central organising time and the peripheral
conduction. This is clearly not i 1n accordance with the usual findings in
reaction time studies. w‘w\ 091 :‘\ St “*J; ¥ ﬁf‘“ N A’*“”’”’"‘“‘ e
Other negative evidence stemshfrom work o'ns‘readlng and visual search.
Assuming that a fixation pause of the eye reflects at least one selective
act — and to the opinion of the author there must be some relation — we
find that fixation pauses are generally less than } sec., at least if the
reader has some experience (Carmichael and Dearborn 1947). Ac-
.cording to Buswell (1922) fixation time decreases as a function of
education until a minimum has been reached at about the fourth grade
of primary school. Learning effects are also found in visual search
tasks like inspection of radar displays. White and Ford (1960), using
untraihed subjects, found an average length of .37 per fixation pause,
while Michon and Kirk (1962) reported a mean duratlon of only 25
sec. when trained operators were tested., ;: -1 Lo °' )Lw‘ &:
Another main effect of training on the processmg of 1nformat10n is
that, with more experience, the material can be recoded into larger
units — Smith and Miller (1952) — so that more information can be
assimilated per selective act, when the subjects are trained. In fact, of
course, the information capacity has remained constant, but the coding

strategy has improved. It has been found, for instance, that the
21

A
A
VLR S
Lo gbg
o Y e
o o .-
/\,:-'( e S
"2(:;‘. "' '~r’(0.
T
P
” .
M'\"nchA )ﬁ\:(\
/r-c:vh%
7 s / / /



number of glances per line decreases as a function of reading experience
(Buswell op. cit). Sumby and Pollack (1954) found the same as a
function of the degree of approximation to English.

Now, if the length of a selective act was really constant, we would
predict that training effects are restricted to the latter class of pheno-
mena and do not affect the length of the fixation times.

To save the constant timelength hypothesis, it might be argued that the
fixation pause reflects more than the time taken by the selective act.
It may include, in fact, the central transmission time of the material. In
that case the length of the fixation pause will decrease as a function of
experience, due to a shortening of the central transmission time while
the constant timelength of the selective act can be retained.

The consequence of this argument is, at least, that the } sec. period
becomes untenable and should be much smaller. If one assumes
however that the “constant length” approximates zero, it should be
wondered if it makes sense to speak about the timelength of a selective
act at all.

The alternative idea is that the length of the selective act is variable
within certain limits and lasts until an optimum of data has been
collected. The optimum will increase as the material can be processed
more efficiently. In this way, it seems better to replace the question
about the timelength of the selective act by the question as to how
much data are sampled. The time problem remains very urgent in
relation to the events in the transmission channel.

The duration of the process in the transmission channel is likely to
depend upon a large number of factors, e.g. the amount of information
that is transmitted, is likely to play a role. In that case the length of
choige reaction times should increase as a function of the information
load of the signal, as was found indeed in studies of Hick (1952) and
Hyman (1953). In contradiction to their results are the findings of
Leonard (1959) and Mowbray and Rhoades (1959). They failed to find
an increase of reaction time, when the mode of response was well
learned. In Leonard’s work this was shown for tactual choice responses
and in Mowbray’s experiment for vocal responses to visual signals.

The results of the latter experiments show clearly that the emphasis in
studies on information transmission should not be laid exclusively on
the input side of the process — as has been the trend during the last
decade. In transmission, the mode of output appears equally important.
We can assume that during the transmission period the input is
translated in response terms, which process is likely to run efficiently
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when the response categories have been very well learned — so that
even the reaction time becomes more or less independent from the
information content. When key pressing is the mode of response the
compatibility is likely to be much less in which case the information
content will start to play a role (Davis, Moray and Treisman 1961).
Within the area of key pressing responses, the stimulus-response -
compatibility can still be varied, which will probably affect the degree
to which differences of information content ‘affect reaction time
(Fitts and Seeger 1953). When the conditions are very bad it may even
be possible that two selective acts become necessary: one to select and
convey the signal and one to determine the correct response key.
Much more research should be devoted to this important topic (see
also: Deininger and Fitts 1955, Welford 1960, Bertelson 1963).

Next to the actual amount of information — with the restrictions as
stated above - there are more factors affecting both the speed of
transmission and the maximal capacity of the transmission channel.
For instance the discriminability of the signal. The greater the “con-
fusion value” between signals the longer the reaction time and the
more limited the capacity (Crossman 1955). In terms of information
theory this factor can be considered as an example of external noise.
We may also mention the factor of multidimensionality, which will
be discussed later in this section (see page 27). Finally the way of
presentation itself is important: if two signals are presented, which
both convey one bit of information, it is dangerous to say that they
occupy an equal part of the transmission channel as one signal con-
veying two bits. This is also stressed by Broadbent (1958 p. 293).

The events in the transmission channel are likely to be highly important
to the question of how much information is collected in a selective act.
We can assume that, under normal conditions at least, the selective
mechanism is “informed” about the efficiency with which information-
can pass the transmission channel. This may, at least partly, determine
the amount of information that is sampled in one act. When the
efficiency of several modes of sampling does not differ too much,
subjects may be able to vary their “selective strategy”. What is
preferred in those cases can depend upon instruction or on individual
sets.

For instance, when a number of relevant data is presented, subjects
may either prefer to handle the material in successive small acts or to
collect all data in one chunk — granted that the limits of the channel-
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capacity are not exceeded. In the former case, the first selected ma-
terial will be transmitted quite rapidly as opposed to a considerable
delay in the transmission of the last selected part. In the case of
“grouping”. an average reaction time is expected to all items.

In the case of “successive handling,” it is clear that the maximal
capacity of the transmission channel is never used. It is suggested that
in those cases the remaining capacity promotes a more rapid proces-
sing than would be possible in the case of grouping. Of course, this is
only true for such signal-response conditions, where the transmission
time is dependent on the amount of information.

If this idea is valid, it has -certain consequences for the concept of
“spare mental capacity”. This notion has been used to indicate the
spare portion of the transmission channel during performance of a
task (Bornemann (1942), Brown and Poulton (1961), Brown (1962),
Schouten, Kalsbeek and Leopold (1962)). In the experiments a main
task is carried out together with a secondary task: the degree of
performance in the latter is determined and taken as a measure for
the spare mental capacity. This should not be considered as the differ-
ence between the maximal amount, which can be carried in a selective
act and that amount which is actually processed. For, in fact, this
remaining capacity is used efficiently, namely to increase the speed of
the process. The concept seems .only applicable if, in the succession
of the selective acts, not all acts are needed to process the relevant
material.

In such cases one may determine how many selective acts can be
devoted to “irrelevant” information by inserting an additional task
and by measuring how well this can be done in combination with the
main task. Theoretically it is thought to be impossible to combine
signals from different tasks in one selective act, without retarding the
responses of both.

The concept of spare mental capacity only makes sense if the task has
a strict temporal structure and if it does not require continuous
attention — or does not fill every selective act. At a continuous informa-
tionflow — we must assume that an optimum of information is sampled
in each selective act, so that no spare mental capacity is left.

In spite of this general evidence, little is known about the optimum
number of data per selective act for different kinds of stimulation and
about the various strategies the subjects may be capable of adapting.
It is likely that in many cases the selective strategy will be prescribed -
partially or completely — by the special characteristics of the experi-

24



mental situation, the physiological limits of the organism and the
particular set of habits, which has been developed.

Due to this lack of knowledge, the time does not seem ripe to explain
experiments, like those of Cherry and Taylor, in terms of successive
selective acts. The best that can be said about the dip in intelli-
gibility, when the speech is splitted up in parts of } sec. duration,
is that at this rate the speech is probably more difficult to code in
the transmission channel. The } sec. periods are slightly shorter
than the time needed to pronounce a phoneme, which may be con-
sidered as a basic constituent of the coding process in speech. A
syllable may have a similar function in written language. This idea
includes the hypothesis, that successive parts of speech are not
easily integrated, if not every part is meaningful in itself. This has
indeed been found by Michon in an experiment on letterspan. A
number of 12 letters of the second order approximation to Dutch was
presented at once or successively in groups of 2, 3, 4 and 6 letters. The
subjects obtained an almost perfect score if the letters were given in
groups of 4 and 6 letters, but when split up in groups of 2 letters, the
reproduction was only slightly better than when the intrinsic structure
of the letters was random. Apparently the redundancy of the sequence
was not recognized in the latter case and no combination of two
successive groups was made. Michon remarks that “In no instance
subjects have connected successive units and integrated them into
larger chunks” (Michon 1962). The total presentation time in this study
was always 1} sec and thus each group of letters was present for
1} : n seconds, where n stands for the number of groups. Michon in-
terpretes his results largely as a consequence of the temporal prox-
imity. In the case of successive two-lettergroups the selective mecha-
nism is not able to assimilate ‘the rapid succession of the lettergroups
adequately. On the other hand the possibility is open that the bad
result is due to the fact that a two lettergroup of second order approxi-
mation has less chance to include a syllable than when 4 or 6 letters are
presented.

If it is true that successive lettergroups or bits of speech are better
combined if each group consists of a syllable, this will have conse-
quences for our theory of the selective act. It can be suggested that
several parts are integrated in one act, as long as the parts themselves
can be easily recoded. If the latter condition is not fulfilled, the inte-
gration will fail accordingly. Instead of one recoded sample, a series of
independent samples follow each other. Instead of one selective act
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for successive groups, each group starts to take a seperate sample. The
selective mechanism is no longer “informed” about the most efficient
way of coding in the transmission channel and regresses to a primitive
strategy — being determined by the timelags between the lettergroups.
At that point the proximity in time may enter the picture. Before the
first sample is transmitted, the second and third have arrived already
and after a short immediate memory storage, they deteriorate before
treatment is possible. The latter point follows closely the view of
Brown (1954, 1958) and Broadbent (1957) on the role of immediate
memory in perception. The recoding process in the case of redundant
groups is possible by means of a direct assimilation with the permanent
memory (Sanders 1961).

Temporal proximity will evoke a more serious effect in visual than in
auditory tasks. It is known that the visual sense modality is rather
adapted to simultaneous intake of information, while successive
handling is predominant in the auditory field. The phenomenon of
subitizing, for instance, (Kaufman, Reese and Lord 1948) is typically
visual and no auditory analogon exists. Nevertheless it is possible to
train subjects quite adequately to the intake of successively presented
visual material, as is very clear from the ability to receive visual morse
messages. Optical signalmen have to learn the configurations in an
assembly of successively presented visual signals (Sanders 1957).
Simultaneous intake of auditory messages belongs much less to the
physiological make up of the human organism. Masking and summation
of auditory signals would already prevent this at the peripheral level.

Other preliminary indications about the structure of the selective act
may be derived from research on the time needed to shift attention.
This is expressed by Broadbent as: “A shift of the selective process
from one class of events to another, takes a time, which is not negli-
gible, compared with. the minimum time spent on any one class”
(1958 p. 249). The time to shift from one to another event, is thought
to be about 0.2 sec. It is dubious, however, what is meant by an “event”.
If it is taken as a perceptual sample, it would imply that between two
successive selective acts there always exists a timelag of 0.2 sec. This
is highly improbable in view of the experimental facts (reading,
speech, etc.).

The “class of events” might also be taken as a special property of the
objects. Then shifting of attention would occur if one shifts from, say,
the colour of an object to its form. The difficulty with this idea is
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that different properties of an.object are found to cooperate to a
certain degree in the transmission of information. Thus in the estima-
tion of a number of black dots on a white background, it has been
found that there are some 20-30 distinguishable categories of numer-
ousness so that the subject transmits a little more than four bits of in~
formation. This is considerably more however than the usually reported
maximum of about 3 bits per presentation at unidimensional displays
(Pollack 1952, 1953, Hake and Garner 1951). The conclusion is there-
fore that the estimation of number may occur on the impression ob-
tained from two properties of the display “Perhaps the two dimen-
sions are area and density” (Miller 1956).

A similar increase in information transmission has been reported in
other fields, where a “multidimensional display” was present —e.g. in
discrimination of pitch and loudness of tones, being varied together.
So, normally, the various properties of the object are likely to be coded
as a functional unity — not needing a shift of attention. When explicit
instruction is given however — as in the classical experiments of Kiilpe
(1904) — different properties may be separated in the selective process.
The main research on shifting time stems from experiments, in which
signals or messages are simultaneously presented to different sense
organs. A visual and an auditory message for instance, but also two
auditory messages, being presented each to one ear. Already in the
German prewar work on attention, the investigators were convinced
that in shifting from one sense modality to another, one would meet
a socalled “attention step” (v. Kries 1913, Feilgenhauser 1917, Mager
1925. Pauli 1930). The interesting fact is that the shifting time,
reported in this earlier work, corresponds quite closely with Broad-
bent’s estimation, although Broadbent was not aware of the older
experiments. Mager (op. cit.) mentions 190 ms. as theshortest attention
step and about the same quantity is suggested by Pauli. Both experi-
menters compared single and dual reaction time to a visual and a
tactual signal.

The recent research on shifting time stems mainly from Broadbent
and co-workers. When signals are presented binaurally, a better
result appears than if they are presented dichotically, under the
condition that all signals should be responded to. But if one message
has to be ignored, separation of the messages is more useful. This points
to the existence of a functional separation of the ears (Broadbent
1957; see also page 18).

To shift from one to the other ear, a time of 0.2 sec. would be required.
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This is concluded from an experiment where series of digits were
presented dichotically; so two digits always arrived at the same time,
but at different ears. It was found that reproduction always took
place in such a way that first the digits of one ear were given and,
subsequently, those-of the other one. Pair reproduction was virtually
impossible. The same effect was found if one series was presented
visually and the other auditory and also if the two series were pre-
sented to the same ear, but with spectral differences in the pronounci-
ation (Broadbent 1957). If the rate of presentation was lowered, pair
reproduction became possible .and this occurred earlier in the spectral
differences condition (4 1 pair per second) than in the dichotic
situation (4 1 pair in two seconds). :
Now Broadbent argues that if perception of one digit takes about %
sec., and the shifting time about 0.2 sec., the full circle to transmit two
simultaneously presented digits takes about 13-2 sec. in the dichotic
presentation.
In the light of more recent findings, however, the generality of this
theory is doubtful. Moray (1960) repeated Broadbent’s experiment
with the extension that the digit series were also presented “staggered”
and “overlapping”. So three conditions were compared: simultaneous
—=—~) overlapping (——=—=-) and staggered (———————).
Thus in the last condition, digits were presented alternately to one
ear with equal time relations as in Broadbent’s experiment. It was
found that pair reproduction was quite possible now, which result is
incompatible with Broadbent’s theory.
Similar findings are reported by Gray and Wedderburn (1960), who
presented words broken up in syllables or phrases broken up in words,
with the constituents alternating between the ears. Lists of digits were
presented simultaneously to the ear that was unoccupied. Reproduc-
tion according to ear of arrival proved to be as efficient as according to
pair or meaning (i.c. words and digits). Both Moray and Gray and
Wedderburn concluded therefore that the way of recall is presumably
a question of selective strategy. It was admitted, however, that the
preference might depend on the way of presentation and the kind of
material. Both reject the concept of shifting time.
Also Broadbent and Gregory (1961) found that subjects — being offered
a staggered list of digits — could recall in pairs or according to ear of
arrival, even if the instruction about the mode of reproduction was
given after presentation. So the selective strategy hypothesis was
confirmed. Pair reproduction was impossible however, if one list was
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presented visually. In this case reproduction of the auditory material
preceeded or followed recall of the visual data.

So, from the present status of the research, it appears that switching
from one sensory modality to another is probably a more difficult
action, than switching within one sense modality. This is clear from the
prewar findings, it has been found by Broadbent and it is also clear
from the work of Mowbray (1952, 1953, 1954). Within the auditory
modality, shifts of attention seem to be easier. Functional boundariesin
the transition from one ear to the other only appear, when signals are
presented simultaneously and when they belong to the same category.
This is not easy to explain with the aid of the shifting time concept.

If a shifting process existed, we would expect it to occur more gener-
ally.

The different findings in dichotic listening may be compromised by
reference to the prior idea that the auditory modality is not adapted to
simultaneous intake of information. In a situation where digits are
presented simultaneously, one selective act may be devoted to select
the digits of one ear, while the remainder is temporarily stored and
conveyed in the next one. The phenomenon that afterwards no reor-
ganisation of the material was possible may indicate that — under these
conditions—the interaction between successive selective acts does not
occur as a matter of course. At a lower presentation rate the subjects
are able to alter the selective strategy. Possibly a separate selective act
is devoted to every digit. Since the temporal proximity of the digits has
decreased, the unit from the other ear can pass the selective filter
before the next pair of digits arrives. If the digits arrive successively —
as in Moray’s study — they enter again in the way the ear is used to.
This will be sufficient to overcome the functional boundary and
therefore the material is likely to be taken again in one bigger sample.
This explanation does not incorporate the finding of Gray and Wedder-
burn that pair reproduction is possible when the simultaneously
presented signals belong to different cognitive categories. Apparently
the functional boundary between the ears can be overcome in this way;
perhaps since information from different cognitive categories is less
mutually inhibiting. In analogy to the Gestaltlaws in perception,- it
may bring about a clearer contrast between the presented units,
facilitating simultaneous intake.

Recapitulating, it seems to emerge from this discussion, that there is
a series of interacting factors, which affect the structure of the selective
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process. Simultaneous intake of material, presented dichotically, is
restricted due to a functional boundary between the ears. Whether or
not simultaneous intake of the material can take place seems dependent
on factors like categorial difference of the signals, the use of affective
stimuli, the degree of temporal proximity and learning. All these
factors — and probably a number more that are still unknown — are
likely to interact and the result of this interaction is decisive for the
question as to whether the functional boundary can be overcome.
Between sensory modalities the functional boundaries appear to be
" stronger than within a sensory modality. This is clear from the finding
that, under conditions where pair reproduction was possible in dichotic
listening, it could not be accomplished whén one list was presented
visually. The functional boundary may be overcome however if the
interacting factors are strong enough. Research on the hierarchy of
these factors is highly needed.
Is it useful to maintain the idea of shifting time as long as different
sensemodalities are involved? Again we would expect a rather constant
general time loss, if such were accepted. As mentioned before, there is
some agreement between the prewar research and the experiments of
Broadbent about a time loss of 0.2 sec., when one is required to shift
from one sensory area to another. One of the arguments for this 0.2
sec. period is derived from the blocking phenomenon in continuous
reaction tasks. According to Broadbent (1953) blockings generally take
a time of about 2 sec.; the block is thought to consist of twice a
shifting time, a perception of the irrelevant stimulation and the
reaction time to the relevant stimulus. Reserving some time for per-
ceiving the non relevant information - } sec. after Broadbent’s sugges-
tion, — there remains an extra timecomponent, which reasonably fits
the 0.2 sec. period to shift attention.
The whole idea is a construct however, and can never be used to prove
the existence of a shifting time. Further the 2 sec. length of blocking
is doubtful: there are reasons to suppose that Broadbent first defined a
block as lasting two seconds and that this time is afterwards reported
as a finding.
‘To make this point clear, we may compare Broadbent’s definition of a
block and the original use of the term by Bills (1931). The latter
author has listed a series of conclusions about “mental blockings” i.c.:
1. In mental work, involving considerable homogenity and continuity,
there occur blocks or pauses, during which no responses occur. These
blocks occupy 2-6 responses.
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2. Practice tends to reduce the frequency and the size of the blocks.

3. Fatigue tends to increase the frequency and: the size of the blocks,
producing a greater irregularity in the flow of responses, without
reducing the actual number of responses.

Both the original finding of 2-6 responses and the conclusions about
practice and fatigue stress the importance of an individual criterium to
determine, which pauses should be considered as blocks and which not.
Thus, a highly practised subject will show smaller blocks for the mere
reason that his normal reaction time has been shortened. Broadbent’s
criterium of blocks is a generalised one however: those reaction times,
that are longer than 2 seconds are recorded and they are considered as
blocks — on an apriori basis.
Koster (1962), in a recent study on the effect of lighting on continuous
performance, measured blocks according to Broadbent’s criterium and
also according to the original findings of Bills. In his data, reaction
times exceeding 2 seconds were rare, while setting the criterium on
two times the median reaction time, the results were comparable to
those of Bills. Davis (1957) presented a simple visual and auditory
signal in rapid succession to test the single channel theory. He found
that the second signal was not treated before the first one had been
reacted to, but no extra delay for shifting attention was found that
approximated the 0.2 sec. period.

The results of both Koster and Davis are contradictory to the shifting

time assumption for the mere reason that no time loss is present in the

transition from visual to auditory information. As Moray (1960)

remarks, there is no guarantee that subjects must have been shifting.

The fact that in a certain category of situations auditory and visual

information cannot be processed together, does not prove that we

have to do with a — timeconsuming — shifting of attention.

Reconsidering this paragraph, it is realised that there is scarcely any

valid knowledge about the characteristics of the selectiveact. Asstated

earlier: as long as it is impossible to measure the selective act in a more
direct way, especially the amount of information that is sampled, we
can make no considerable progress in the field of selectivity — at least
not by means of behavioral methods. Alternative to direct measure-.
ment, we can only investigate whether certain general characteristics
of the selective process can be detected. The foregoing pages have been
devoted to such an analysis. Its value is highly restricted however, in
view of the lack of systematic experimental evidence. Therefore, the
description of the selective process in terms of selective acts runs the
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risk of ad hoc speculation. Such an undertaking only makes sense if
the description has some predictive value.

7. The selective process in the functional visual field

Meanwhile there is a limited field of experimental situations in which —
under certain assumptions — the contents of a selective act can be
directly measured. We may refer to our earlier remark that fixation-
pauses in reading and visual search can be supposed to reflect selective
acts. The application of eye movement recording therefore will provea
great aid to the analysis of the selective process. The limitation of this
method of measurement is of course that a shift of the‘eye is required
after each perceptual intake. Although this requirement is a serious
restriction — especially in view of the idea that the selective process
will be highly dependent on the kind of experimental situation —
it still seems very important to carry out a further analysis and to
consider howfar the results fit the preliminary hypotheses concerning
the selective process in the dichotic listening situations. The eye
movements, made in a visual task and meant to shift from one to
another source of information, can be said to be the only instance in
which “shifts of attention” are clearly met. They take time and they
can be measured. Furthermore it has been found that the visual
threshold during saccadic eye movements is enormously increased, if
the stimuli have a fixed position during the movement. In such cases
perception is virtually impossible (Holt 1903, Dodge 1905, Latour
1961), so that the movement time of the eye is really used to shift
attention. The objection can be raised that the object, which is
fixated by the eye, is not necessarily perceived. Attention might be
directed to something else. For this very reason, Wundt (op, cit.)
distinghuished between the outer and the inner Blickpunkt. Although
this introspective objection may be true, there is evidence that in
normal performance, the aimed object is indeed fixated. Only when
the subject is instructed to keep his eye fixated and to view objects
peripherally the argument enters the picture. A discussion of intra-
visual shifts of attention is not included in Broadbent’s account.
The reason may be that this theory is only engaged with the filtering
aspect of selection. Incoming information is accepted, rejected, or
temporarily stored by the selective filter and shifting attention equals
shifting the filter. In eye movements the shifts of attention rather
reflect a steering component than a filter component. The notion of
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steering is a necessary complement; it refers to the observation that the
subject is able to decide from which source he will select his information
~ by the very fact that he can move his eyes, his head and his body.
The filter theory only takes into account a motionless subject with a
fixated eye, who awaits the arriving information. Steering seems
especially important to the visual modality and has also bearings on
th