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ABSTRACT.
The attentional phenomena ar1s1ng in several different
methodologles are rev1ewed and t is argued that se]ective
behaviors seem to be an implicit aspect.of.most, if not‘all,
cognitive proceeses A theoréticalyorientation is adVanced to
account for select1on across . th1s broad range of paradlgms
Bas1cally, it is argued that select1on resu]ts from the
- progre551vely focused activation of neural representat1ons
depend1ng on the complexity of the tasK demands of an
experimental situation. This orientation is compared with
other theories of eelective attention. and is extended to
account ﬁor such phenomena as consc1ousness, memory, and the
1con Two experiments were conducted to examine some of the.
majoh assumptions under4y1ng.th1s approach. ,The first
exper iment involved‘presenting'a search set of 2, 4 or 6
letters and then a single letter probe, and required matches
to be based on phys1ca1 or .name information. The second:
experlment was 1dent1ca1 to the first study except the probe _
letter preceded the search set.  In both experiments. the
pattern of errore and decision reaction times were similar and
suggests that a filter cannot account for the observed
effects. The 1mp11cat1ons of these and other dgta were
d1scussed from the context of the theoretlca] or1entat1on

presented earl1er

iv.
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In recent years, selective attention‘has become an area
which has drawn a”great deal of research interest. This has
not always been ;o Despite the early recognitjon of the
apparent 1mportance of attent1on in human behaV1or (e g.
“James, 1890), exper1menta1 psycho1ogyvhas only Just begun to
emerge from an era in wh1ch the study of such mentalistic
constructs was de11berate1y avo1ded If it.is true that the

"cognitive revolution" has begun (Mandler '1975a), then
examination of sg1ect1ve behav1ors w111 undoubtedly become a.

central issue 1n the immediate: future.

I

~

There are several reasons tor this new focus, but perhaps
the most bas1c lies in the wide range of paradigms in whxch
se]ect1on occurs. A fundamental concern of the present paper
will be to demonstrate that many of the current methodologtes
used to examine var1ous 1ssues in human memory and’ cognjtton
aré. really selective attent1on paradhgms Indeed it seem§ to

be an inescapable conclusion that cogn1t10n‘cannot ‘oceur
; L

without-some‘form’df focused attention .to a subset of stimulus-

attributes. This theme will bé returned to as it is central

AN

to the present thesis.

\

N\

Ih the next‘section, several areas of research that have :

_been descrfbed as parad1gms of select1ve attent1on, and others E

that are not usua]ly so“class1f1ed, will be.reviewed. It will,

become apparent that selection-o?’infOPmation'occurs in each
}of these diverse examples ‘From this data base, several

postulates about the structure and function of the human

se]ect1ve mechanism wull,be made . ,Wherever possible, it wi}l ”

<

LS EN . .
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be .argued ‘that these behaviors underlie various othéP~diverse,_'
a o .

~cognitive phenomena, such as consciousness, the icon, and.

forgéfting.v Finally, after a brief compariédn of this
,;approach with others like it, a series of studies wii] be ~}

.described iﬁ which one aspect of tHe'theory wiﬂl—be ‘”

= f

empirically evaluated. | - o ‘ .
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AN OVERVIEW OF ATTENTION PARADIGMS

The term "selective attention" has been used most
frequently in the.conteXt of a few experimental paradigms in
which attentional allocation. can be manipu]ated Th1s
approach has been shown to have conceptua] utility in that it
has led to the development of a standardized methodology and
terminology which was 1acking ih previous research. However,
the reliance on a fewbparadigms has had decided'disadvantages
as well. For one thing, integration with data from other
"nonselective"'experiments has been infrequent, even though:
there may be many similaritijes among areas. Another |
/d1sadvantage is that the’ development of a few spec1f1c
paradigms enta1ls the assumpt1on that the var1ab1es wh1ch can
be man1pu1ated by the des1gn are those that are critical in
attent1ona1 research Furthermores the termlpo1ogy~used may
not be easily appl1ed to other approaches, and may hinder the

1ntegrat1on of different areas.

In cons1den1ng the d1ff1cu1t1es 1mposed by an over-‘

IS

reliance on a ferparad1gms, it becomes apparent that the-

e

-nature of attention itself may be cr1t1ca]1y determ1ned by the
choice of .design employed to 1nvest1gate the phenomena Thus,
4) dichotic 11sten1ng exper1ments (e.qg. Broadbent 1958) memory‘
isearch tasks (e. g., Sternberg, 1966) and looKing behav1or J
{(é\g . Saunders 1963) all are purported to address
attent1ona1 issues and undoubted]y do, but how these areas are
7related remains- unclear What seems to be m1ss1ng is a-

conceptual framework into which all research can be f1tted

o N
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including relevant areas not specifically acknowledged to be

attentional in nature.

-

Recent wérk of Blumenthal (1977) has presented an .
opportunity to appl&{§he brincip1es of information processing |
‘theory to the‘siudy of se]éctivé attention. While the
information processing approach is not new and has Eeeé
employed previously in attentional studies (e.g., Broadbenf,
1958; Cherry, 1953) it is fair to éay that the issues examined_
in these gtudies'we?e narrowly bound to the question of where
in the sYstem selection occurs. However, newer perspectives
Have related berception, selection, consé%ousness, and
cognition to a common processing system. The'advantagé of

this orientation is that it prdvides a format that is able to
incorporate the diverse findings from cher areas into the
study of attentional phenomena. This processing bias can

prove useful, eVen'ifF%t just highlights the brbad_speotrum bf :
paradigms which involve seieotive:attentﬁon. ‘It can be
démonstrated that many‘paradigms have-different task demangs
but undoubtedly also héquire similar‘ihformation processing to
achieve criterion'perforhance. An approach that employs

- different data bases and uses a process conception of

se]eCtidn may lead to.the deve]opment of a fruitful ahd-nove]

concebtual framework for.studying fhese phenomena .

v(Before demOnstraiing-the'implicit relatedness of several
different ‘paradigms with respect to the seléctivg'processing
of information, it will be necessary to discuss just what the

term'fprocessing" is assumed to entail. While there is no
. ‘l‘.:} . ) . ‘ v . o
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comprehensive set of assumptions to detail explicitly the
information processing approach, several authors have used
such a conception in their work on’ selection (e.g., Broadbent,
1958; Egeth, 1967; Haber, 1966: Keren, 1976; Neisser, 1967:
Shiffrtn & Schneider, 1977). The major premise is that input
is sequentially analyzed throughout the cognitive domain.

This analysis is assumed to involve progressive
transformatﬁons of the stimulus from inpdt to the final mental
representation. In more structurally oriented theories (e.g.,
AtKinson & Shiffrin, 1968) different representational
subsystems are assumed to be isomorphic with different
transformations. Hence, iconic memory, short term memory and
long-term memory are usua]]y con51dered components of the
“total information processing system. Moreover, stimulus
manipulations Can,“flow"'eithec.forWard_or backward depending)
on the task demands ofva situation. "This,flom can be =
terminated, rerouted or reprocessed. It is also widely
assdmed that the system has a 1imited capacity to process'
informatton In fact, this assumpt1on is central in theor1es
of select1on because without it there does not seem ‘to be any. .
reason for selective behaviors. If there are limits to the
flow of information.at any}point in processing, then'analysis"v
of the critica] aspect of input is a way in which an
individual can m1t1gate the effects of capacity 11m1tat1ons
The quest1on of’where -the process1ng bottieneck occurs has

been regarded as the pr1mary problem by researchers in this

" area. Erde]yl (1974) has 1ns1ghtfu]]y pointed out that such a

mu1t1process view of cogn1t1on has been adopted by;post



theorists but'usua]ly along with a uniprocess mode of
selection. MultIprocess accounts of selection (e.g., Moray,
-1970 Neisser, 1967; Treisman, 1969), are far less common but
have the advantage of allowing- se]ect1on to occur at any of
several points along the processing continuum. In view of the
complexities of human behavior, this suggestion seems to be a
"plausible alternative conception of selection. The.present
thesis adopts the assumption that * se]ect1v1ty is pervasive
throughout the cogn1t1ve continuum, from input to output
1Erdely1 1974 p.12). An examination of severa] research
areas will suffice to demonstrate the ut1l1ty of this
concept1on of selection. Not only does selection occur at
dtfferent levels withih particular paradigms, it occurs across
paradigms as well. It will be seen that'se]ection as
differential processing of information can be inferred from an
almost limitless array of prooedures, including sevenai that
have not been regarded as selective'attention methodologtes.
In the context»of this—thesis selection may be considered a
response that limits or focuses process1ng of 1nformat1on to a

subset of elements of a nom1na] st1mu1us complex.

Dichotic Listening

Id

H1stor1ca11y, the first. procedure w1de1y used to
1nvest1gate attent1on was the d1chot1c lwstenxng experiment.
Cherry (1953) 1ntroduced the parad1gm to examine how people
attend to one source. of information when severa] other sources
are available in certain situations. Exper1menta11y, he :
presented mességes to his subjects in one of two ways. When

each of two messages were super imposed and presented to both

A
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ears simultaneously, subjects could, with great difficulty,
shadow (repeat) one of the messages. When. one message was -
presented to ohe ear and a different message to the other,
subjects could $hadow one message concurrently with very
little diffjcu]ty. The message on the nonattended ear,
however, was "rejeeted“ in that the subJect was unable to
report any of the semant1c content of that channel. In fact,.
the only aspects of the reJected)message that could be |
recognized was a change from male to‘female voice, or the
insertion of a 400'cps'tene. Changes in language and even

reversal of normal speech were very poorly.recognized.

Subsequent research us%ng similar techniques has shown
that the difficulty of shadowing a particular'message can.be
m1n1m1zed if the messages are phys1ca11y d1st1ngu1shable
(Broadbent 1958), and that semantic d1fferences between
channels are also a-potent variable (Grey & Wedderburn, 1960;
-Treisman, 1964b) In the Grey and Wedderburn exper1ment
subJects were presented words that were fractlonateg so that a
'd1fferent 'syllable was rece1ved by each ear’; and subJects were.
required to shadqw one ear only. They found that who{e words
fremiboth ears were heported, often without the subject’'s
awareness that they had switched into the inappropriate
'channe]. Moray (1959) showed that the content of the rejecfed
‘ear soulq‘be reported if the message was a high salience

'message - the subject’s name, for example.‘

These studies deal with selective attention in the sense

that they establish task demands requiring some sort of

-
o



differential analysis of input information (seiectidn), and
requ1re an active allocation of proce551ng capa01ty
(attention) - Much of the research in this area has been
| addressed to structural 1ssues:- where does the selectien of
the appropriate input occur? Is it "early" in the system
after some rudimentary ana]ysis, or later when more detailed
g}ocessing occurs?

However , this apparent concern with structural aspects of
‘the selection system should not obscure a more basic issue:
Why does,proce551ng of the nonattended channel differ, |
depending dn.the.type of message input? Clearly, this
| indicates that systematic limitations are operatiQe in some .
contexts. Whethar this limitation is structural is irre]evant
in a sense,Abecausedthere must be a physiological reasen for-
any behavior, or lack thereof. ‘What is more important is that
the ana]ysis, se]ection, and psychological transfofmation of
information.is. dependent on a number of factors, other than
phy51cal complex1ty of “the competing messages. A message that
does not affect shadowing 1nlone_context may be massively
disruptive in a different situation The empirical facts of
dichotic 1istening studies thus 1end themseives to process
explanations, because different presentation parameters lead
‘to different behaviors depending on‘the stimulus.contekt.
This is not to deny that structural features underlie
cognitive behaviors, but rathen to focus upon'the manner in
which stimuli are manipulated throughout the cognitive domain
~In this way cognition can be regarded as a progre531ve series

of stimulus transformations It is the nature of these



transformations that is important, not where they‘occur; In :M
'tact, a2 priori statements about where reductive’encodings are d
assumed to occur (i.e., selectfon) may be m1s]ead1ng it they
occur throughout the whole range of cognitive behavnors | This
latter view 1s, of course, consistent wlth the central thesis,
of this paper. Dichotic listening experiments‘support thisi
supposition: Select1on of one input-can occur at any level,
depend1ng on the distracting message For example, a s1ngle
channel can be mon1tored quite we]l 1f there is some

’ physically ‘distinguishing feature such as the ear that.
reoeives the nessage On the other hand d1ff1cuTty in
mon1tor1ng occurs if messages are semant1ca11y similar
(although this task can be done reasdnably well in some

conteth).

As we shall see, unimodal selection theor1es tha
themselves with where se]ect1on occurs have d1ff1cu1ty
determ1n1ng if selection is early or late, therefore adm1tt1ng
the p]aus1b111ty of either formulat1on Focusing on what
var1ables affect the degree. to wh1ch stwmul1 are analyzed
seems to be a more_fru1tfu1 avenue of research.

.Looking Behavior

_ _ N .
Another ‘area in the selective attention tradition

‘concerns the question of how subJects sequent1al]y focus their
attention to acquire the s1gn1f1cant 1nformat1on from their

t
environment. Two maJor orientations w1th1n~thjs area: are

apparent.

A good ‘deal of research has been concerned with the
S S | | »
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variables.that determine spontaneous looking responses in the
absence of specific task demands of a situation. In_effect,
the concern here is with aspects of the stimulus situation
Which come to control attention whenever the organism is
presented a novel stimulus Methodologically, these studies
employ duration of fixation or preference of fixation as
dependent measures. Selection is assumed to be related to the
time spent viewing certain stimulus features, or to the
stimulus features chosen from a stimulus array. Processing of
stimulus attributes is.therefore held to be isomorphic mith.
“and determinable.from such measures. Manv.SUch studies have '
indicated that novelty, complexity and significance of a
stimulus in a visual field draws the attention offan observer.
For example, it has been shown that children will orient to
the more complex of patterns in a visual field (FantL, 1858) ,
and look less at a homogeneous grey patch than at a patterned
shape (Fantz, 1965). Similarly, Berlyne (1958) has argued
:’that at all stages of human development novel and complex
Astimuli (those having ' collative properties) attract
spontaneous attention. This suggests that epistemic -
motivation, uncertainty reduction, or information seeKing is, a

maJOr variable in determining attentional allocation

Other research on looking behavior has centered on time
duration of each visual fixation, visual acuity,‘and the.
: effect of irrelevant information in the context of rather
specificktask demands. This'differs-from~spontaneous=l00king
behavior in that subjects in these‘paradigms are looking for

something designated by the experimenter, rather than_being
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allowed to orient upon attributes of their own choice.

An examp]e‘From-this orientation has been the concern
with the detection of stimuli on the periphery of the v1sual
field. Saunders (1963) has employed a detection task in wh1ch
one signal was sometimes presented at the center of the visual
field, and another off%p the right. The subject was reqdired
to press a key indtcating which signal; or combination of
\signalsﬁ=appeared oh a triaj Latenc1es of each response were
recorded.l By Keeping-a subject’s head and eyes flxed and by
moving the right-hand stimuli from 19 to 94 degrees off
center, he was able to determine that péripheral vision with
the eye fixed was accurate to 30 degrees, and with the eye
‘mobile to about BOZdegrees. Moreover, latencies in responding
to the signa}s rise dramatically at'the same points. Saunders
also  indicated that the compleXitx.of the stimulus is
important in these tasks. .Simple stimuli are detected further
-on the periphery and faster than are complex stimuli. Ih a
later series of studies,'Saunders showed that these increases
in reaction time are not related to the time needed to hove
the head or eyes (these increased linearly); rather, he argued
that these rises were due to'some selective process. Whenever
both stimuli are in the display field, both are attended and
processed s1multaneous1y, but when one stimulus is outs1de the
- displayed field (beyond ‘30 degrees), two‘select1ve acts are
required and the response times reflect this added. processing.
As the~perjpheral stimulus approaches 80 degrees, mgch more -
time is needed hecause even'eye movements are no longerv

effective in acquiring the rudimentary information necessary
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to tentatively recognizeowhether the stimulus was or was not

presented.’

The effect of irre]evant‘stimulation on the processing of

relevant information is also a type of selection task

Mackworth (1965) studied v1sua] acu1ty of per1phera1 objects
using'one such procedure. Spec1f1ca11y, she presented three
letters that were 2, 6, or 10 degrees apart}for,100 msec;
Subjects we;e required to iddicate if the letters were all the
same or not. Near perfect reSpopding was obtained for all
angles. However, when fourteen irrelevant letters were added
to the line, or if twenty linés of seventeen 1etterg were
presented along with the stimulus display, accuracy of
recognition dropped to about 70 percent for-stimuli 2 degrees
apart to 10 percent for sttmu]i 6 and 10 degrees apart. When
two distractors were added to the 1ns1de angle of the test
]etters. accuracy of recognition dropped to 80 percent. In
contqast, recognition was about 40 percent if the distractors
appeared outside the’extreme test letters. These data

indicate that as information load increased, attention to the

extreme part of the stimulus field diminished. While

‘Mackworth prefers to argue that it is visual acUity that

»

cpanges,‘it is conceivable that selective attention is

decreased as a function of load. After all, there are large
d1fferences in resolut1on of per1pheral stimuli depend1ng on
the exact placement of the d1stractors, even though the test

stlmulus\remalns in the same position in each task. Although

visual acu1ty appears to be greater for the central st1mu1us

elements, the d1ff1culty of processing and se]ect1ng

7
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peripheral attributes from a stimulus configuration is also

implicated bykthese data,

' Taken togetLer, these paradigms suggest that the
structure of the st1mu1us has a direct 1nf1uence upon the
nature of selection. Th1s is, perhaps, most easily
interpreted from a processing pogﬁtion. It is clear that the
complexity of therstimulus array, the position of the
stimulus, and the types of irrelevant information are
1mportant var1ab1eg\1n selection. To regard these'data as
1solated phenomena obscures their fund&menta] relevance to
selection. If we cons1der how these studies are related to
the processing of st1mu]us 1nformat1on the apparent
d1ss1m1]ar1ty between these parad1gms is lessened. Thus,ieye
fields and per1phera1 vnsua] acuity are undoubted]y related,
as is the allocation ofEattent1on to novel st1mu11 and the

1Y

mechani sms contro]11ng the direction of gaze. These behaviors
Amay be regarded as process algor1thms\;:‘behav1or repertOIres
that are engaged during information acquisition. In short,
the processes employed to accumulate Knowledge/about the

st1mu1us env1ronment are an important aspect of se1ect1on

The Ku]pe Jask |

A selection task has been employed to determine if
spbjectsfcan alter the quality of their perceptual experience
by prior tnstructiqn to attend to specific features of a
complex stimulus (Kulpe} 3904). Basically, a subject is
brief1y~presented a mpltiQimensional stimulus and is required:
to make judgments aboUt"a single'dimension of variation. In

L 4
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the before-after design (Chapman, 18932) subjects are informed
of the dimension to be judged either before presentat1on or
after presentation. Occas1ona]1y, the exper1menter would asK
for a judgment on an incidental dimension after a series of
|  judgments on the informed dimension.' The rationale of,th?s
v’approach is that if perceptual alferation is employed, then
'subjects should do better on the beforg\condition than oé the
after condition. Typica]]y,nsubjeCfs réport the emphasizéd
dimensidn more accufhiély than the incidental dimension.
’Différgncés between(the before and after conditions héve not
always been ré1iab1e, apd certain objections can be-paiseg
regarding the logic of such a design for evaluation of fhis
"perceptual tuning” hypothesis (see Egeth, 1967 and Haber,
1966 for details). It is possible, for example, that the
- attended attribute is rehearsed more, and remembered;better
than the unattended attributesv(Lawrence & La Berge, 1956) .
Haber (1964a,b) has argued that differential verbal encoding
of the attributes is responsible for the effect. The ‘
emphasized dimension is encoded first, acquiring the advantage
of primacy over the unattended. dimensions, which may not be
encoded at ail because of their rapid decay from sensory.
;emory.

This suggestjon is, of course, a process explanation of
an establishéd'phenomena. Although certain struétural‘biases
are entertained (such‘as "sensory memory"), it is clear tHat
the terms “réheafsa]"r "encoding” and "decay" arise from the

: unstated assumpt1on that subjects actlvely transform and

man1pu1ate stimulus representat1ons, account1ng for selection
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and the Kulpe effect.

Evidence for this latter view has been obtained by
manipulating process,variables. For instance, Harris and
Haber (1963) trained their subjects to use one of two coding
strategies. Object codes corresponded to the rules of English
syntax: three green'ciroJes, two red sduares, etc. Dimension
codes were orgdhized‘by dimensions: three, two; green, redit
circle, square; etc. The critical difference between these
coding strategies is that dimension coders can place an -
emphasized dimension first,vwhite object coders cannot.. in
~ fact, dimension coders were more able to encode the emphasized
dimension f1rst and were benef1ted most by prior information
about the stimulus d1sp1ay than were object coders. This
supports the contention that encoding-differences, and not

perceptual tuning, underlie the KupTe'effect.

Regardless of thé;e;act mechanism. responsib]e, it is
apparent that the task requires subJects to selectively attend
and process some features of a comp]ex st1mu1us at input. _
Selection of attributes is assumed by Egeth (1967) and Haber}
(18966) to occur after.stimulus presentation this position
also demands the assumpt1on that attr1butes are 1ndependent
and add1t1ve As will become evident in the next sect1on,v
select1on phenomena are not only restricted to these st1mu]1

but to 1ntegra1 stimuli as well.

" "Inevitable" Processinq_Tasks

M

Thus far#ngy paradigms in which the stimuli are ; a

.-"\“

unintegrated/have been examined, so that judgments “about one e
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dimension of a stimu]Ué can be made indebendentﬂof.judgments
about other dimensions. -Hoﬁever,:se]éction'tasks have élgé
been employed with ihtegra] stimflif that is, stimuli in whicﬁ
the existence of 6ne‘dimensiOn ébecifies a level of gnothér

dimension (Garner, 1970). For example, a visual stimulps must
have size, form, hue, saturation,.and brightness. Selection.
of any one dﬁmension_may lead to unavoidable’processing of

Z N :

other dimensions as wekk. Garner and Fe]fo]dy.(1970)iha9e

A

cohducted agiexperiment fo‘eva]Uate this possibility. Their
sub jects were:gﬁven decks of cards to sort as quickly as
bossib]e oﬁ'the.basié of one dimension on whfch integral
stimu]i'Xih this case, Munsell color chips with dimensions of
chroma and vaJue) wéhé'mdphted. Sorting was faster‘when»fhe 
- redundant dimensioﬁfWaé perfectly correlatéﬂ,gand s]ower:uhenj
it was orthogoﬁal, relative to a single dimension-control
deckﬁ Whep»nonintegfa],stimu]i (value and'chroma’on.twp
chibé) were used, neither the présencé of correlated or
orthogoné] irrelévant d{hensiqﬁg/ﬁad ény effect on sorting
times. These data'indicate th;iifbﬁ integral s&imuli, .
" processing of a particulab»diménsion is notApossiblé withoutt
some analysis,?f other dimensions as weli;':Sg?éciion, or ﬁore
correctly, 1ack ofﬂselection, is infer;ed from the differehces
in'sorting times corﬁesponding to dimens{Qnal re]atfonships.‘
/VFSimila? studies have gpowh that geleciion-can‘fail to
‘.occur“underxgertajn’otherltask démands. The prefix and suffix
effect fs_bhe such example (Dallett, 1é64; Mor ton, Crowder &
_Prussin, 1971)'@ The squecf fszgkélly preseh}edﬁseVgn[ \

relevant digits preceded by (prefix effect) or 'followed by
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(suffix effeet) a zero. He or she is instructed to repeat a]]
the dfgits bui to ignore the zerd: HoweYer{‘memory“for the
vrelevant digits is decremented by the presenceyof the zero.
' Subsequent research has shown that any speech sound similar in
| voice to the message creates the effecf, while it is abolished

by a visual zero or a nonspeech sound.

Several theoretical explanations have been advanced for

the effect, and all are beyond the scope of this thesis. It{

is important toendte however, that this paradigm is of

o

interest because it is a clearly def1ned example of select1on

4

fa11ure in a context where it would be advantageous to select
As such, it is an 1nterest1ng phenomena,that must be_accounted

for by theories of selection.

A third paradigm where se]ectfon»ofiseme'undesirable
attr1butes is inevitable is in the Stroop effect (Stroop,
1936; see Dyer, 1973 for a rev1ew) In this paradigm, ;o
subjects are presented co]erayords printed inidffferent
colored ink, and'must respoddxwith the.inkAcdler. Thus, when
a subject sees the word fgreen" printed in ber ink, he or’she:
is to say "blue". The difficultyvof'euch a task isv
Isubetantﬁal, and practice is of little benefit in mitigating
_the diffieulty‘of the task (densen, 1965) . MoreoVeri the
effect is feund'Q{th_Other‘materiaiez Words like "sky" and
"lemOn"‘when printed in a eo1or'different fromftheirfueually
ka;sociated}colors ‘cause interference as well (Klein, 1964).
In react1on t1me experlments. H1ntzman Carre,. Eskrldge,

Owens, Shaff, and Sparks (1972) and Warren (1972) have shown



'18
that there is interference if the word and co]or are
aSSOC1at1vely unrelated but fac111tat10n 1f they are ‘highly

associated.

Taken together, these tasks haveldemonstrated selection
‘failure under'certain circumstances. It appears that these
paradigms result in the activation of.particular expectancies
in subjects (Posner & Snyder, t975) and when these
expectancies are violated,linterference results. A]ternate]y,
it can be specu]ated that the encoding of irrelevant
ettributes at tnput requires more cognitive capacity‘and
results-ig decremented performahce on tasks where the
redundant encod1ng attribute has no functional value
Facilitation occurs in those instances where the encoded
irrelevant dimension is congruent with the task demands of a
Situation. In any case, it is appetent that selective
attention in sohe contexts is .stimulus chtrolled; and not

' modiftab]e by voluntary means.

This suggests that cehtain process algorithms are enggged j
automatically and are not eesy to change, even inlcontexts in
Which it wou]d’be beneficial. The re]at1onsh1p between
| se]ect1on and process1ng is underl1ned by these stud1es as
well. Fa1lure to focus upon particular attr1butes at the

expense of others is due to the unavo1dab1e analysis of’

cinformation in some contexts, and this leads to a failure in

selection.

: §p]it-$pan-Ex§eriments‘

A question of long-standing interest has been to what
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degree can humans.brocess information on two.channels
simu1taheous]y? The answer put forth by various researchers
"has not been uniform. _Indeed, suecessful division and
fa11Ufes of attention heve'been reported oVer a wide range of
materials. What can be drawn from the various studies on
attentional allocation is the degree to which the research has
come to depend on an informational processing terminoloéy and
conceptual orientation. Thus, terms like "processiné“,
"input”, and‘"channels",are frequently employed in contexts 1h
which the major question was the degree to which'sevefal
‘sources of stimulation .can be accurafely analyzed and

respondea to.

Supbort for division of attention has been reported by
‘Treisman and Fearnly (1971). They presented subjects with
either single stimuli or simUItaneous auditory stimuli
consisting of nonsense syllables ob}a nonsense syllable and a
’diéit. Ever few trials, subjects were precued as to what
digit, %f'eny, wou id be presented; Upon preseﬁtation of the
sihgle or simultaneous sfimuli they webe'to press a kKey, and
their Aatency of respohding wes recorded. The.experihenters -
‘rationalized that if subjects could successfully process items
presented to each ear'simultaneously, then response 1atencies
should be lowered an equal amount by precuing both s1ngle
items and pairs of items. Conversely, precu1ng was expected
to lower the response 1atenc1es more for pairs of items than
s1ngle items if the st1mu11 were processed serially, because
each_stage of(process1ng would,be facilitated.. In fact, the

presence of precuing lowered reaction times equallyvfor single
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and simultaneous stimulus presentations, supporting the former

hypothesis.

Other stud1es have supported the notion that s1mu1taneous
processing of information from different channels can occur
(Ninio & Kahneman, 1974,hTulv1ng & Lindsay, 1967). But other,.
data is equally consistenf with the notionythat subjects,‘in
certain situations, fail to process concurrent inputs
(Broadbent, 1854; Mowbray, 1954; Poulton, 1953). In the
Broadbent study, subjects were presented digits dichotically
and were requ{red to report either the ordernthat the pairs of
digits were heard, or else channel by channe] Report in the
latter cond1t10n was superior to that of the former; other .’
researchers have shown that extensive practice can mitigate, )
Fthe effect, although never eliminate it ent1reTy (Moray &
dordon, 1966) . These f1nd1ngs suggest that concurrent

process1ng is less effective than serial read out from echoic

memory in.certain contexts. -

Taken together, the split- span stud1es are consvstent
with three general conc1u51ons (1) the tasks can be done,'(2)
grouping of items by channels is the preferred mode of output
and (3) s1mu1taneously presented items are usually not grouped
at reca]l (Kahneman 1973).» For the present, the primary
- concern ‘is not w1th any specific conclusion that can be drawn
from the split-span. exper1ments, but rather with the select1ve»
A.process1ng of d1fferent 1nputs 1nherent in the task
Process1ng of 1nformat1on s1multaneous]y from different

channels suggests that select1on can be avo1ded under some

¢
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task demands. Similarly, the failure of divided attention in
other contexts indicates that selective processing proceeds
despite interition to avoid it in other situations. In any
event, thesevparadigms.impticate seTectiye attention as a
fundamental aspect of cognitive behaviors and an information
process1ng orientation seems to be 2 usefu] means of extending .

these re]at1onsh1ps

Search Tasks

v Controt]ed search through memory arrays is also a
selection parad1gm Wh11e~the“term.-st1mu1us processing" was
employed as early as the Tast’quarter of the nineteenth
century in the description of introspective phenomena (e'g
Wundt, 1880), the re]at1onsh1p of search tasks to selective
qttent1on has not been emphas1zed However Sternberg (1966)
‘has pointed out that a common assumption made by these
theorists was- that mental processes proceed 1in stages, and
that reaction times prov1de a means of analy21ng the component ’
parts ‘of such operations. Several modern researchers have
begun emp]oy1ng_axs1m1lar‘rationale in their study of .
attentional phenomena (e. 9., Shfffrin & Schneider, 1977)
Tasks are usually structured in a fashion that a]]ows the use
of reaction time as a dependent measure. - Typically, subjects
are‘requiredvto decide if a presented stimulusiis part.ofva
'previ0usly learned set of stimu1i One of the processes -
assumed to occur after stlmukus offset is a search through
‘memory to see if the presented 1tem is part of the des1gnated
set. Attention to some st1mu1us features is a fundamental

‘requirement for the subsequent}dec1s1on process. Of all the
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selective attention paradigms, these are most easily
incorporated into a multiprocess view of selection.' Because
of the contro]_over presentation times, the stability of the
respgnse data, and the simplicity of the‘experiments- it is
very easy to apply information processing theory to this area.
For this reason, a large number of se]ect1ve attention .
experiments fall under the rubric of search tasks. Perhaps
the best known paradigh has been that of Sterhberg (1966)
his methodology severa] digits are des1gnated as target items
in the pos1t1ve set, before the exper1ment proper beg1ns )
Single digits are then presented and. subjects are requ1red to
dec1de if the,presented item is in the positive set or not.
~Manual reaction times are employed as the-dependent measure.
The critical f1nd1ng is that reaction times are a l1near
funct1on of the pos1t1ve set s1ze, increasing approx1mate1y 40
msec for each item. Atkinson, Holmgren and Juola (1969) have
,vreported similar data'invan,experiment in which some items |
were targets in a matrix of'distractors.d Theftime to decide
if the target item was-aﬁohg.the distraotors was a linear

function dependent on the size of the target set. \

‘Although these, and several other studies are compatib]e
with Sternberg’s or1g1na1 notion that the search cons1sted of
comparing all test items with members of the positive set
exhaust1ve1y (so that all 1tems are compared serially even 1f
a match is made earlier), other research has shown different
effects. Jonides and Glietman (1972) and Egeth; donidesvand
Wall (1972) have found that preSenting a digit oh'a”backgroond

of letters was not related to the number of display items;
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thus proceseingeappears parallel. This of course differs in a
fundamental way from Sternberg’s data. Corballis (1975),
Keren (19769, échneider'and Shtffrin (1977) have argued that
these search paradigms confdrm to two distinct modes of
processihg. To use Keren’s terminology.(borrowed from
Broadbent, 1970), they are response-set and stimulus-set
selection. These distinctions will be set out in greater
detail later in the paper, but for the’moment, we can think or
stimu]us-settsetection as processing that is paralilel,
automatic, demands little attention or effort, oceurs rapidly
and without subject control. In EOntrast, response selection
reqdires deeper analysis, more capacity, takes longer and
reqdires more attention Dperat1onally, these terms were
-defined by Keren in a paradigm in which three letters and
-three digits were presented briefly and the subject was to
report thch.letters (orvdigits),Were shown. In the stimulus-
set'cdndition the to-be-reported'items were colored in red
ink, the distractors were printed in black. The response-set
condition had aT] the elements printed in black. JKeren found
evidence that the two stimulus conf1gurat1ons were processed
differently, apparently because the relevant letters "stand
out" more in.- the stimulus-set (where they areAred) than they

do in the response-set (where they are black).

In the‘worK by Schneider and Shiffrin, diféErences in
processing modes were demonstrated by a search task in wh1ch
the presentat1on time of each st1mu1:s conflgurat1on, the_.
number of 1tems presented, or the size of the pos1t1ve.set was

_varied. Like Keren, their research showed qua]itatively
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-distinct forms of information processing.

These tasks clearly necessitate Se]ective processing er
their successful completion. Conditions using stimulus-set
characteristics seem to “involve information‘abstraction
s distinctly dﬁfferent from that found in response-sef
conditions. Selection of relevant attribUtes can océur
quickly whenever they are distinguished by an obvious physical
‘Feature, like co]ori'in the stimulus-set paradigm. The
mechanisms that control attention in these circumstances are
not obvious, but it seems certain that the analysis of
stimu]us cohfiguratidhs follow particular algorithms that are
direét]y related to the task demands impésed on the subject.
In fact, severaT theorists have employed search tasks as the
cornerstone. of their accounts of éttention.v This is
defensib]e‘on methodological grounds, but it is bestrictive in
that there.are several btﬁer‘paradigms that are 'selective in
nature. Considerations of these data in conjunctibh with the
sé]ective search literature may be necessary for tge‘

formulation of a global theory of attention.

Paired-Associate Learning

Anothér.selection péradigm that appears particularly
amenable to a process interpretétjon is paired-associate
~ learning. A baired-associate task is one in which subjects
are presented a stimulus and must learn to associate a
,pérticuiar.respbhse_with it. It has been fbequently'obéerVed‘
‘that subjects can recall the éorrect besponse when only a

 portion of the stimulus configuration is presented. Underwood
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(1963) was the first to discuss the phenomena and d1st1ngu1sh
between the nominal st1mulus (the entire complex physically
presented), and the,functional stimuius (the portion to which
responding actually occurs). A typical procedure used to
determine the portion of the stimulus actuatly invo]ved in
association formation is to present each individual component—
of thefstideus compound after list acquisition and askK the
subject to -indicate which- response went with the component

during 1earn1ng

It is unusual for subjects‘to select a portion of the
nominal stimulus at random. Richardson (1972, 1976) has
argued'that the Kind of element—selected can often be
descr ibed in‘terms of a rule. A prototyp1c examp]e can be
found in the work of Underwood Ham and Ekstrand (1962). A
compound stimulus cons1st1ng of words or trigrams on a co]ored

background was paired with a single digit response. After

subjects had 1earned the list to one perfect recitation, . they -

were presented e1ther the words and tr1grams, or the colored-
backgrounds, and were requ1red to relearn the list. The
critical finding was that the‘group initial]y given trigrams
on co]or backgrounds responded nearly perfeoily to the colors

alone and very poorly to the tr1grams Th1s suggests that

- the subjects were learning 'to associate the color to the

correct response and ignoring the trigram. Moreover, this

| selectivity is rule-like' the use of a physically distinct"

- stimulus attribute (co]or) 1nd1cates that some common process

’h1s engaged for each 1tem on the list.

\
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Other studies have confirmed these effects. Jenkins _
(1963) demonstrated that the first letter of a trigram may be
emp loyed, Coheh and Musgrave (1964) found that subjects witll
use the most meaningful e]ement of a complex stimulus, and
Rabinowitz and Wittev(1967) showed that a single red letter in
a trigram will be most likely associatee with tﬁe response.
Furthermore, these selection rules are fransferred from 1list

to list, independently of‘%fxnf1c assoc1at1ons (Dobbs &
Carlison, 1975).

Despite certain methodologica1<prob]ems>that arise in
determﬁning what is the exact functional stimulus in a nominal
complex (Postman & Greenbloom, 1967; Martin, 1971) the
phenomena of selection is undeniable: What is less clear is
the mechanism accounting for the effect. Since Underwood’ s
paper (1963), the term "selective attention” has_frequent]y
been invoked as an explanatory construct. Afthough no
theoreticallstatement has ever been made as to what the tefm
means in context of paired-associate tasks, 1t has been
vaguely regarded as a two- stage process in wh1ch some aspect .
of the stimulus is selected and then a55001ated to the correct
response. The actual mechanism of select1on 1s‘unspec1f1ed;
however‘ it would not appear that the’proceSS.differs in any
fundamenta] way from those exam1ned in the d1scuss1on of other.
paradigms. That is, subJects are put in a situation where
selection, or attention to part of the stimulus‘configuration,
is forced by-eithervinstruction or ‘the limitations in the
systeﬁ’s capacity to process information As such, the term )

select1on appears justifiable in a phenomenolog1cal sense but

\



27

-

~needs theoretical clarification if it is to be useful as an
explanatory construct

Depth of Processing

Perhaps. the selective attention orientaffon that is most
deperident upon process1ng notions is the so- called 1evels of -
processing paradigm (Craik & ‘Jacoby, 1875; Craik & Lockhart
1972; Craik & Tul?ing, 1975; Horton, 1977; Lockhart, Craik &

' dacoby,>1976). This position holds that the analysis of
stimulus information proceeds througn various stages, ranging
from elementary structural processing to.more complex semantic
analysis. Memory for a stimulus event is related to the depth
to.which a st1mu1us is ana1ysed wi th 1ower order codes being
less durable than those established by deeper processing. The
implication that arises from this conception is that,
dependiné on the task demands of a particular sifuation,
different menta] representations - will be estab11shed Hence,

. processing of 1nformat1on to ‘any level can be assumed to be a
selective act, because only certain 1nterpretat1ons of a
stimulus become available after processing at one level.

While there are many other aspects‘of the‘theory, it is fair
to suggesf that the central assumptions of this account rest
on the proposition that subjects are able to selectively

~ process information.

Evidence for such a view has come primarily from
incidental learning tasks (e. g., Craik & Tulving. 1875; Hyde &
' L
denkins, 1969). In these studies sub jects are shown a word

and then are requ1red to answer a yes/no questlon about the
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word. For example, the word "CAT" might be presented and
subjects would be asked if: (1) it began with the letter "C"
(structural encoding), (2) it rhymed with "BAT" (phonemic
encoding) or (3) if it was’a type of "ANIMAL" (Semantic
encoding). The critical finding is ‘that on an ynexpected 7
- recall test, subjects remember more semantic than phonemic
targets, and these are better recalled than structural
targets, even though the‘target words were‘eduated across
conditions. Furthermore, reaction time to encode the word and
respond correctly reflects the_eame order structqra]
latencies are shortes}, then phonemic; then semantic o
jreepon§e§; Also,’the effect is not timited only to incidental
learning‘EaSKs. If subjects are toild Seforehand-that they
will be tested for recall of the targets, absolute recall will
be higher, but the same relative orderings will be obtained. |
Recognition data mirror the same effects (Craik &:Tulving,
1975) . ' "
From the perspective of selective intormation processing

tﬁeselresuﬂtsJare iﬁbressive. ,They’show that it ie~not
“necessariﬁy the target that is important for reca1l but
rather the operat1ons that are carried out during the encod1ng
'of.the st1mu1us Th1s 1mp11cates selective process1ng because
- tirst; it suggests that a membry for a particular target does
‘not consist of all pos§1b]e features of the target, and
JSecond, the‘establishment‘of'memories is closely related to

tha Kind;of analysis instituted during stimuius'pﬁécessing._

a
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Other Selection Paradigms

Brief reference will be made to a féw other processing *
methodologies that are besida11y selective attentiona] in
nature. The ward suderfority (Reicher, 1969;‘Whee1er, 1970)
literature is a case in point. In these bxperiments, it’waS'
shown that defection of a letter was more accurate when the
letter was embedded.in‘a:word than when:it was presented in
isolation. This paradigm, and others like it, require a
selective search of an input f1e1d along with other
processes. Although .the issue addressed was whether ]etter
perception precedes word perception, ‘it should not obscure»the
fact that these procedures are viable for-{nveStjgeting

selection phenomena from a processing point of view.

Other paradigms that are selective in nature indlude much
of the perceptual defense and perceptual ngi]ance.]iterature
(e.qg., Brunerv& Postman, 1947; Dixon,'19?f; Erdelyi, 1974).
“Here the”concern has been'wifh tne degree toayhich perception
was inf]uenced\by the enduring beliefs, values, goals, and
needs of the drganism ‘The data have been 1nterpreted as
'1nd1cat1ng that a certain amount of stwmu]us processwng takes
. place before conscious awareness of the st1mu1us field .
occurred. Dur1ng~th1s time the system could‘ﬁ11ter~out, or a
censor, psyenologically threatening stimuli (berceptual
defense) or enhance responding to,appetitive‘s;imuii
h(perceptual vigilance). Severalistudies have examined this
) position.(see Dixon, 1971; Erdelyi, 1874 for reviews). For

the présent, it will be pointed out thatvthese.paradigms
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employ a selection methodology: They investigate ghe degree to
which "sublimfnal“ stimuli come to influence behavior in
different contexts. . Such conhtrol is necessarily se]ecttve
because not all the st1mu11 are processed in the same manner
'Some e]ements may remain unconscious because of their
threaten1ng nature (although they must be processed to be
censored), others: may reach awareness normally, and still
others may remain unprocessed ‘entirely. There are important
methodolog1ca1 and conceptua] cons1derat1ons that must be made’
in asses31ﬂg this work, but these need not obscure the

fundamental select1v1ty implied by -the parad1gm The po1nt to

. be,made is that- perceptua] defense research and theory hlnges

critically on the not1on of d1fferent1a1 st1muTus q(ocess1ng.

WOPK~by Posner and his associates (Pdsner 1969\\1978
Posner, Bo1s, E1che1man & Taylor, 1969; Posner 4§ Snyder 1975@9 |
‘Posner & Warren 1972) is s1m11ar in this regard. In\thehr
stud1es, reaction time measures are employed to 1nfer t\éh
nature of the code abstracted at various times after - ) >
'Apresentat1on of the, nom1na] st1mu]us They have argued that
stimulus process1ng resu]ts in the format1on of qua11tat1ve]y
distinct codes that compete‘for the T1m1ted pProcessing .

: capacity.available.to the subjgct Depend1ng on the tasK
demands of the exper1mental s1tuat1on.t£hese codes may endure
or be rather fleeting. Whatever these stud?es 1mp11cate
se]ect1ve processing precisely because certa1n types of .
Y
information can be derived from complex st1mu11 in d1fr%;eﬂt-'
'tasks Se]ect1on here refers to the" d1st1ngu1shab1e codes |

A
'estab1lshed under-different input conditions. As w111 be

v
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démon;trated later, taese studies have considerable impoﬁtance
in estab]ishing some of- the basic variables involved in
selection. Their application will be set forth in more detail
elsewhere. For the moment it will be pointed out' that these
are just ohé of many pchessjng paradjgms useful for studying

attentional phenomena.
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A THEGRY OF ATTENTION

The research surveyed herein is not an exhaustive review
of selection tasks by any means. In fact, it is doubtful if a
meaningful .taxonomy pf selective attention can be made because
selection occurs in so many varied'contexts. The preceding

review was intended to demonstrate the wide range of memory

‘paradigms that involve d1fferent1al attent1onal process1ng in

some form or another -While it is poss1ble to d1scuss

attent1on using any one parad1gm as a data base, it seems more

de31rable to cons1der the breadth of techn1ques employed to
manlpulate the phenomena. What becomes apparent when this is.
doner is the pervasive extent to which selection occurs in
most, if not all, cognitive behaviors. To examine selection
from-any one experimental viewpoint introduoes‘tﬁeg
pretheoretic aSsumption that the variables that can\be
man1pulated by that methodology are respons1ble for selection
behav1or Undoubtedly, it is true that many var1ables overlap
across parad1gms, but it is unduly gratu1tous to assume that
any one. tasK can, in pr1nplple, bevused to exam1ne all the
variables implicated in attentional processlng‘ For example,

' 1nformat1onal load can be qu1te eas1ly varied in search tasKs
but not so eas1ly controlled 1n the d1chot1c l1sten1ng
exper1ments S1m1larly,'stud1es 1n spontaneous look1ng

behav1or and. pa1red assoc1ate learn1ng have demonstrated what

SUbJects select from thejr env1ronment but not how they do

it

It has certainly been most common to use a single data

C
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base to-theorize about attention, and this has led to several
different conceptions of selection, depending‘upon the
empirical approach adopted. Furthermore,'jt can even be .
argued that selection.behavior is not likely to be due to any
single mechanism (Moray, 1970a). Proponents of this view
argue that auditory stimulation is typically of longer
duration than yisual signals, and seguentially rather than

- spatially extended. Moreover; sampling times in vision are
substantially longer than in audition. According to Moray,
these facts suggest that.even if there was a common selective
system, very complex sw1tch1ng mechan1sms would have to be
env1s1oned to coord1nate input from the d1fferent moda11t1es

1nto the selector,
\

While this approach has the attraction of allowing a more-.
focused examination of setection in any one paradtgm; it does
not permit an appraisal. of how these systems are interrelated.
From the d1scuss1on of select1on tasks presented earl1er it
seems plausible that enough regular1t1es in selection exist
across parad1gms to,warrant consideration of a single common
'selection process, A global approach to attentionvhasfcertainl
_advantages that wtll become apparent later. The next sectidh“
w111 out11ne such a theory of attent1on and present ev1dence
to support 1t from a broad range of experimental des1gns
Indeed, the central argument of the present thes1s is that
‘se1ection 1n some form or another, 1s an 1nev1tab1e and

unavo1dable aspect of all cogn1t1ve behav1ors The cursory
taxonomy of seTect;on parad1gms presented,earl1er”1endsditSe1f
totthis interpretation;.There are'certainly'differencestin-the'

ot
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ptask demands of each'situatiOn but there are some impor tant
similarities in the selection phenomena‘across paradtgms.\\lt
is ctear,.for example, that selection is often influenced by
the same variables in different experimental contexts. Thus,
the amount of information, type‘of information, type of

.distractor material and stimulus duration are critical

determinants of selection across tasks.

‘SeleCtion behaviors are of‘manifest importance for an
aorganism’ s, transact1ons with the env1ronment Scarcely a task
exists in wh1ch a st1mu1us transformat1on of some sort 1s not
implicated in the execut1on of the required response Such
transformatlons are se]ect1ve in that only the mental |
representat1on of those st1mu11, or the learned relat1onsh1ps
to other stimulus representat1ons are activated in memory
after,st1mulus~onset. Furthermore, these transformations are
cognitive functions in the sense that they are‘implicated.in
such processes as "attention", "consciousness", "thought”,“
‘"memory", and "perception" (Blumentha],j9f7)p

Dverview

Jin the present thesis selection behEViors are viewed as a
. process continuum, rang1ng anywhere from pr1mary, s1mpl1st1c '
st1mulus detection to h1gher order, complex thought processes
at the opposite extreme Consc1ousness, or attent1on refers
to those processes that are complex in nature and demand more
effort“ (Kahneman, 1973) to carry out. Short-term memory
(STM) is not cons1dered to exist as.a separate entity.

‘ Rather,vit is assumed to'be'the part of long-term memory (LTM)



that is active at any one moment, as is the "icon" (Neisser,

1867) and similar phenomena.

A1l processes are assumed to demand some capabity.
Lower-order processes appear "automatic" because the minimal
analysis of the stimulus takes place quickly, and usually
without any appareht-attendant detriment to other processes.
Higher-order, "cpghitive“ prpcessing generally takes more
time, demands more effort, ahd appears correlated with
awareness. A primary assumption‘of the present approach is
that'processing of the stimu]us‘complex is determined by the
task demands of a particular situation andithe previous
history of organism. Use of a central "control" process or
homunculus is avoided because'an4organism’s behavior is
. assumed to be a function ofjthe specific transformed ﬁnput
'stimulus‘relationshfps. A]though the orientatidh of the
present'approach is on the processing of'stimulps information}
some assumptions about the structure of LTM will also be made.
Basically, mehory is assumed to be neurologica11y organized
‘intg hierarchically ascending re]atienships’ The simplest
representat1ons are structural detectors (e. g, Hubel &
W1esel 1959) Mpre complex relationships are represented by
.combinations of simplistic units to form 1ntegrated un1ts
V'The way . these units become 1ntegrated is by. "learn1ng“ or the
repetitive activation of the same units in the same context.
A stable eonsteltatien.or pattern of activated uhits is what
'comprises the mental representation of avstimulus eVent.
These aspects w111 be d1scussed 1ater in the paper ‘but for

the moment it W111 be suggested that select1on occurs because
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only a subset of the total number of possible units is
activated at any time. Attentional focus results from the
activation of a few higher-order unitsj relative to the many
lower -order units activated preattenttve]y. Thus, the present
7 approach identifies selection, and by implication, cognition,
as a consequence of algortthms that.are hierarchica1Ty

ordered.

‘The next section will detail what these algorithms are,
and how they determine what is selected in a particular
~context. The assumptions outlined herein will be e]aborated.
and the 1mp11cat1ons of this conception to other memorial
phenomena will a]so be discussed.

The Nature of Process

The;distinction between states and processes is crucial
in the present account. The two terms will be distinguished
with respect to selection, and some operational uses of them

"will be noted.

v

"State” refers to the condition of a system at a singie
point in't'ime.~v It is entire at any given moment., |
 ."Processes”, on the other.hand, occur over time and are not
| staticvor entire at any moment.»tThis distinction is important
because mental repreSentations that'are‘activated along 5.

: quant1tat1ve d1mens1on will be frequently referred to. The
degree of act1vat1on is a-state character1st1c the means‘by‘
'wh1ch th1s activation occurs. is a process Hence, processes

can only be 1nferred from changes in state or to put it

another way, states are always the product of processes. It

{
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is assumed that processing involves transformation of
information from oné state of activation to another. In the
coﬁvenfiona1 literature the term "selection" has referred to
both states‘andqprocesées, and‘this has unfortunately :
céntributed fo some confusion among researchers. Althdhgh use
of selection in the process sense (the act of selection) is
eésy to.disfinguish from the state usage (what is selected), .
the implications of these difference§ have not always been
c]ear. The best example of this ‘can be found in discussions
6f the capacity of STM. It has been wide]yvassumed tlat STM
cbnsists of 7+2 items (Milien, 1956) or that it‘lasts_in the
6rder of seconds without rehearsal (w5ugh & Norman, 1965).
Both these notions may be éorrect, but tﬁey refer to different
aspects of memory. In the first case, étates*aré’discussedf f
iOnly'so~many items can be activated at any instant in time.
The second case suggests‘a process distinction because it is
»the‘fimé iﬁterval between the activated and inact{¥aied state |
thaf is be@ng measubed;  wWhile it_is not trﬁe that capacity 
notiéhs are irrelevant to-state desdriptions,vthey\may‘be .
misleading. ‘As will be pointed out Tater, the kind of
~information that is active at any pofnt in time depehds,upon
thevtype of previous processing;.'Lowgr-order}coding involves
'the esfab]iShmeht of many more ac}ivated uhits“than,compléX‘
analysis. Determining the ﬁumber gf'unifsiactivatéd'is
difficult since bbth the”qUalitativeLand quantitative
Q>parameters of;activation must,be.khbwh, It is more feasible
to discuss fhe'procéésing'aspects-of capacify:because this

»involvesrnoting'the transformation of information from one
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state to another. Moreover, it is usually the prooess
limitations that are manifested in the behavioral data. In
the oresent thesis, capacity will refer to 1imitations inh
processing whtch can occur during a given interval. A1
processes, even the seemingly "preattentive" ones (Neisser,
1967) are assumed to require sometof the limited capacity.,
Further, it is assumed that some capacity is required to

maintain a state of activation as well as establish one.

The process-state distinction has other implications as
well. For example, the concept of information activation
suggests that; structura]ly,'there is a single unitary memory '
store cOnsistingiof different states of activation
Information in the inactive state is what has been
trad{tionally;yiewed as long-term or semantic memory. The
-process of aotivation is not regarded as a transfer process.
' That is, 1nformat1on does not move to another place 1n memory .
It is simply actjvated. Th1s activation is analogous to what
has been termed’“primary memory" (Waugh & Norman. 1965), or
the information that is 1mmed1ate]y available at any one time.
This is 1nfd1rect contrast to theorists (e.gt, Atk1nson &
Shiffrin, 1968) who have oonceptualiied memory as conststing
- of both long-term and’short-term storage systems' They haye
assumed that during learn1ng, 1nformat1on moves from short- to
long term memory In the present account, this apparent
A "movement” is merely a change of information from the inactive
to active state. This same: reason1ng can be extended to
'el1m1nate the construct of sensory or TCODJC memory

(Neisser, 1967). The activation of basic, structura1

¢
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‘detectors is assumed to be nothind-more than a process
involving a change of informatidnal states at lower levels.
The rapid loss of information observed in sensory memory
occurs ‘because lowrorder analyzers become deactivated quickly
from the flood of incoming information. The conception of an
icon as a separate ent1ty 1nd1rect1y related to other memor1a1
phenomena is therefore inconsistent with the current view.
Since activation of units underlies the establishment of long,
short, and very short-term traces, the fragmentation of memory
"1nto a set of subsystems is unwarranted The data of Di Lollo
(1979) supports this argument Visual pers1stence is not a |
un1tary phenomena, but rather the result of several different |
processes occurring over t1me. qenf1n1ng iconic phenomena to
any one temporat interval'is eurely arbitrary.v-Without ma jor
mod1f1cat1on, th1s ‘same rationale can be extended to question
the 1ndependent ex1stence of other subsystems of memory as

' we]l.

T

At this point-it is important to distinguish between
vguantitative_and qualiiative-differences‘jn stimulus
processing, It is'currently popular to assume that -
informatidn.can be analyzed at different "depthsP or "levels"
and that these differences are qualit;tiveiy unique (e.g.,
Craikd&;LocKhart, 1972; Keren, 1976; Lockhart, Craik & Jacoby,
1976{ Shiffrin & Schneider, 1977). Although the requisite
criteria for depth distinctions have never been entirely
clear,‘1t would seem that qualitative d1fferences ‘would entail
process reperto1res or analytlc modes that are dynam1cally

1ndependent. Selective activation of units, as envisioned by
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the preeeht thesis, does not require this assumption,

Whenever a nominal stimulus complex initiates an ectivated
paftern of detectors comprising ite.corresponding_mental
representation, it occurs by means of the same physiological
proceés. Processing can never be qualitatively different in
this mechanistic sense. Besides, it is unlikely that
qqa]itative and quantitative differences in prpcess{sg ca; be -
distinguishea, because processing is merely assumedAto be a
change of state 1n‘the activation of units. What, then, do

the terms higher- and lower-order processes refer to if not to

some qualitative dimension? Ohe suggestion is that Tower -

order analysis involves the activation of units that require

minimal "effort", "consciousness", or "attention", while

higher-order processimg places greater demands on cabaqity.
But such a statement does not contribute much to our
understanding of cognitive functioning. The critibal'

distinction between processing modes»is‘seen to depend upon

" the degree of previous experience in analysing a particular

stimulus configuration. Low-order processes do not require

. much capacity because the activation of particu]ab units in a

~'familiar context occurs easily and as a fuhction of practice.

This assumption. is necessitated by the observation that many

complex behaviors (such as driving a car) can be accomplished

.with progressively lessrattentioh as the skill becomes better

acquired. In other words, frequently activated_conStellations
of units have permanently lowered threshoids. The intrusion
of salient information (such as a subject’'s name) on

unattended channels in dichotic  listening experiments (Moray,

o
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1859} suppohts this view. A person’s name, being highly -
overlearned, is hecognized with a minimum of effort due to
a]tehed stimu]usbthresholds. Similarly, preekposure to
partial information (priming) inf]uences'the establishheht of
a subsequent representation because a subset of the defining
~ features of the representation become activated by the prime.

Depending on the task demands of a situation, this-priming may

facilitate or inhibit later responding.

The extent to which this type of automatic responding
occurs during an organism’s interaction with its environment
can be scahceJy underestimated. The detection of corners,
coiors, and other besic structural information occursnvery f
frequently. Mehtal representations for these events are
establfshed so quickly as to appear preattehtive and withoUt
awareness " Novel, stimu]us‘representations, in contrast,
h1nvo]ve the act1vatlon of un1que patterns of un1ts Because
these pathways are 1nfrequent]y, if ever activated together, a
good deal of capacity is requ1red to raise and Keep these

un1ts above threshold An 1mp11cat1on of this view is that
certa1n types of tasks can become automat1c wrth practice.
The wprk of Sh1ffr1n and Schne1der (1977) is 1mpress1ve in
“this respect.v They demonstrate that with extens1ve pract1ce,
certain search tasks can become so "automatic” that increasing
stihulos load has no effect on search times. It is the- |
present view that these d1f?erences 1n processing are A
quant1tat1ve, because the mechanism of}un1t activation is the
séme fn all/Thstances ‘There does~n0f in fact appear to be

any compellwng reason to assume qua11tat1vely d1fferent
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mechanisms of selection exist at all. This is not to say that
all tasks, no matter how complex, become automatfé with enough

practice. Some Kinds of processing never become automatic,

" and these will always make large demands on capacity.

An impbrtant resérvaﬁion must be added to the suggestion
that all processes are~qpakitative]y.sihi]ar Th1s ' i %\'
qua]ification is thét, although the means of act1vatlon must
be ihe same for all representations, the type of information
contained in the representation might be dissimi]ar; Thug the
structuraf; phonemic, and‘semantic diétinctions of
infohhation, central to the work of Craik.and Lockhart (1972),
are assumed to reflect variations in the'type of information,
but not necessarily distinct modes of. process1ng Eaéh unit

is d1fferent from all other un1ts but all units become 7
a§t1vated in the same fashion. Hence; processing of
information is not differént;vft is the codes established by
vproces;ing tHéﬁ vary. Diffefentja] recall of information
~ processed at different levels (i.e., Cbéik & Tulving, 1975)
‘ reflect the type éf units activaté&*hafher'than any
*dualitative differences in processing. WHy'some units are
activated at somé times and dthefé at other times givgﬁ
“identical" stimuli is~becausé the infdrmétion available to
the subJect chaﬁ;es across tasks . When a phonem1c match is
requxred, fpr example, acoust1c attrlbutes are focused upon or.
.activated to the exclusion ‘of other features.
Psycho]ogically,'this stimulus is'fu%ctﬁénafly different from -
thosé estab{ished-during structural andisemahtic matches.

This suggests that intentions, plans, predispositions,
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emotions, or beliefs can be considered a type of information.
Usually these have been treated as "context", but” rea]]y they
-are noth1ng more than another source of 1nformat1on emp loyed
. by the organism tn performing a task. At a naive level these
paradioms.seem counterintuitive;’Dur“hehaviortst bias insists |
‘ that identical stimuli map to consistent]y identical
responses, assuming no ihtervening events. If it can be
=reasonab1y argued that these stimuli are not 1deht1ca1 because

of the organisms cognitive state at st1mu1us onset, the

st1mu1us-response consistency assumpt1on can -be. maintained.

Clearly, the term “process“ is\centrat to the‘present
theoretical development. This focus is essential, in that it
conveys the act1ve construct1ve way 1n which the human.
intellect operates on 1ncom1ng stimulus 1nformatlom
Ba51cally, processing refers to some manipulation or
transformation of input information. Transformations include,
but are not limited to - the change from. the nominal (real
wor 1d) - st1mu1us to some funct1ona] representat1on " They are

also assumed to 1nc1ude changes from one type of mental |
representation to another. "Further, it is assumed that the
mainténance of'an established mental state is a form of
stihulus manipulation and'thus a process Neur01ogica11y,
~ processes . 1nc1ude the exc1tat1on of nerve. fibers, the transfer
of nerve 1mpulses, and the ma1ntenance oF an ex1st1ng ‘
neurological state. The most 1mportant aspect of processihg
at the physiological level is the activation of gnostic units
(KonorsKiaf19§7) These units are assumed to correspond to

mental relat1onsh1ps or nodes (B1ndra, 1976 Blumenthal 1877;
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Morton, 1970), and will be discussed in more detail later.

W,A]] processes have certain features in common. They are -:
assumed to have potentially observable physiologica]
correlates Also, every form of proce851ng is assumed to o
requ1re a finite amount of t1me to perform Automat1c
process (Posner & Snyder, 1975) seem to demand‘no effort and
very little time to complete, but this is Pecause lower -order
'processes are weli integrated by massive practice. Still, it

is assumed that some time, effort and capac1ty are demanded

by these and all other process reperto1res

’

- Another feature of stimulus process1ng is that once
1n1t1ated . some memor1a] consequgnce of the process1ng
remains ~ Further, the type of processing done on a stimulus
is. dlrectly re]ated to the: type of memory that is established
\(cf Craik & Lockhart, 1972; Lockhart, Craik & dacoby, 1876) .
-In the case of lower- order processes, such as feature analysis
or movement detect1on certain primary nodes are'act1vated.
Because these elementary processes are occurring nearly
cont1nua11y, the act1vated units are be1ng changed rap1d1y as
the flood of new 1nformat1on replaces the old. This rap1d
d1splacement of 1nformatlon 1eads to very short-1ived memory
phenomena as. for example he“_1con H1gher order
process1ng, on the bther hand, results in durab]e
representat1ons because the pattern of activated. un1ts is more
un1que and 1n¥§1ves novel integrated, cogn1t1ve unlts ,The
products of these processes are less I1Ke1y to be d1sp1aced by

”~
subsequent 1nformat1on because swm11ar patterns are- less
o

i
v
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likely to be activated.

The impiications of this view are twofold. First, this
suggests that forgetting is due, in part to the 51miiar1ty of

1nformation abstracted from temporally approximate stimuli.

- Second, it should_be the ‘case that a lower-order analysis of

stimuli may lead to ardurab1e<memory as long as no'furtherA
analysis of'the stimulus is carried out. Evidence for the
first view has been amply demonstrated stimulus 51m11ar1ty
 over a w1de range of experimental paradigms has been found to
lead to poorer performance (Shulman, 1971). Kroll (1975) has

presented evidence supporting the latter interpretation. . He

£

has shoan tnat visual codes which normally 1ast;for a second
or less oan be made available for 20 sec or more, as long as -
no further visual processing of the stimuius;vor:other
,-stimuli: is required.a Thus,ﬂ"depth" effects appear to arise-v
~primarily because of'the”complexity of the cognitivev
structures activated and the 51m11ar1ty of ’ contiguous

information

It isnnecessary to emphasize that the present conception
of stimulus proce551ng suggests that all stimulus
transformations are selective in nature Uoon stimulusx. _
_presenvt‘ation, a seriesa of successwe analyses of the stimulus
'are'oarried"out Input “into each analySIs is the output of
the preceding analysis Structurally, each‘anaiys15
corresponds to the activation of some subset of neurai units
Uhich subset of units is activated at any one time is 7

‘3 determined by the spec1fic information available (i.e. 5 ‘units
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activated previously). The mostlbesic, structural processes
such as the activation of line detectors or color analysers,
are folfowed by the more focused deeper analys1s Ilke the
1nterpretat1on or meaning of the st1mu1us Select1on occurs
because any stimulus-can act1vate a number of poss1ble units.
The printed word "BOX" for examp]e, activates the same
structural units in all contexts but not the same semant1c
1nterpretat1ons (a Kind of sport.-vs. a type of container) .
Because words do not usually occur in isotation but in the
. context of other information as well, the perticuta: meaning
intended is clear. Units activated by associated context
1nfoﬁmat1on are assumed to overlap w1ﬂh those of. the word.
Thus, one semantic 1nterpretatmon is act1vated more easily"
than another because of the "priming" .effect of context
‘(Posnerﬁ&ASnyder,.1975). These. deeper interpretations'are.
‘selective in the sense that one set of units.is activated At;
the: expense of the other. Further, these interpretations do
not have to be "consc1ously or 'acttvely“ or “wi]1fu]lyﬁ made
by the organ1sm rather they represent the information
eawa11ab1e to the organ1sm (1 e. unjts currently activated)iat

that 1nstant in time.

Not all processes are necessar1ly observable or
d1st1ngu1shable at the response level D1fferent process1ng
of st1mu11 may result in the same behavioral output For .k
"example, one might c0unt the letters: fn a- square array or
vmultIply the number of rows of letters by the number of
letters per row. In both ‘cases the subJect would arrive at

the same result but . by radICally different means

. ~ . N . . . X . . . v
= . >
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Furthermore similar 1nterven1ng mental states may also be the
result of d1ss1m1lar processing. .Because of this, serious
~methodological difficulties exist in trying to examine any one
process by observing overt responses. Different.processes may
also be strung together, making any distinction between them
arbitrary. Undoubtedly. a curfent'difficulty in many areas of
cognitive péychology is to define certain types of processing
independent of other processes Terms like.seleCtion,

, encod1ng. scann1ng, retrieving, and searching exempldfy this
problem. Each term certalnly requ1res the assumpt1on of

dprocesses in common with other terms, but which processes are

implicated is problemat1cal

It is the present view that different processes vary:with
respect to the amount of time and effort necessary to run to
~completion, so that the appeerance of parallel or serial
processing may be misleading. This distinction is difflcult'
to makelbecause What is‘designed'to be a,multiple'process_task
byfthe.ekpehimenter may be treated'es a single on‘lower-order
task by the subject. Also, pneattentiVe ob parallel
processing‘mayfarise from several tasks being diséretely
handled w1th rap1d sw1tch1ng occurring among them Mohe
' eomplex cogn1t1ve act1v1t1es m1ght appear ser1al 1n nature‘

because the task demands of the s1tuat1on requ1re some

v.-z intermedIate mental product before further process1ng can -

V'occur This would not necessar1ly mean that the system cannot
e'fUnct1on in parallel but rather that the problem must be
. solved that wayua Finally. a certain amount of min1mal

’”processing 1s 1nvolved in both complex and simple tasks..

/
|
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suggesting that the design of experiments intended to
elucidate parallel-serial distinctions may be seriously
confounded’ by tne'inclusion of some common processes. Other
than to'concede that certain mental activities can occur
quickly, while others seem to take 1onger and demand more
effort, no assumptions about parallel-serial processing appear
necessary in the present account.

Structure

B Assumptions about structure are necessary in the present
aoproach,.even/though the emphasis'is on process. Several
levels of discourse regarding Structure may be entertained.
Discussion will first_be confined to the neuroanatomical
'aspects of structural representation; and then extend
consideration to & more abstract conceptualization of long-

term storage.

It was‘noted_earlier that at the sensory level a nomber
of neorophysioiogica] studies'have soggested there is a
conVerging'and:diverging hierarchical structﬁring of the
central nervous system. The work of Hubel and Wiesel (1959,
’1962,1965; 1968) is salient in this respect. While the .
details of their work will notobe reiterated here;.it will,be_l
noted‘that,theirvdata indicate that}viSUal.receptive fieloso
are-structured(sucn that there is'conVergence from lower- to.
higher~ordered neurons. These latter cells appear to be

activated in response to spec1fic features of a stimulus

- -

array, such as lines ‘pure tones, and corners This is

consistent w1th the present acéount of cognitive functioning |
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and will serve as an acceptable neurophysiological model for
the processing wf primariy sensory information. It is also
assumed that impinging stimuli initiate,a transmission Cascade
such that the input to iomer—ordered cells converges upon a
higher-ordered cell sensitive to specific features. In '
contrast to the apparent convergence of the nervous system,
there is apprec1ab1e divergence .as well. Spinelli Pribram
and Bridgeman (19735\2;::~demonstrated that there is often
little or no deficit a r substantial lesioning of the *
respective sensory system This suggests that the higher-

ordered cells are replicated and anatomically distributed

rather than focaily located.

There has been some attempt to employ this notion'ofv
"hierarchical structuring'as a model'of cognitive functioning
(KonorskKi, 1967; Walley & Weiden, 1973) If there are “higher-
‘ ordered cells sen51tive to particuiar features of a stimulus
such as lines and corners,vit has been reasoned that there may
, be even- higher ordered cells that are selectively activated in
response to more molar stimulus attributes such hs shape, or )
even meaning. The assumption of higher-order cell assemblies.
or»fgnostic units” has been the basis for provocative accounts
.of'a_number oi phenomena. From the v?ewpoint of the present
:Itheory.‘this approach is unacceptable Conceptualization of a"
‘ unified memory "trace“, whether cioaked in the terminology of
gnostic units, cell assemblies or something else, as the
basis for the u]timate'form of mental.representation, is not
Acompatible With the CUrrent orientation It may be that |

traces serve as elements of a pattern bu? it is not assumed

/



50

that‘these elements activate a;higher-ordered unit. Patterns
of activated units are assumed to be the basis of all simple
and complex mental repnesentations. Neurologically, this
implies that the mental representation\does not ekist in and
of itself in the nonactivated state. It is'genérated from

specific input stimulus configuritions. and exists as an

. independent.entity only when\kt is activated. Memories are

merely patterns of units reliably activated upon stimulus

N\
onset.

This conception reinforces the process bias gf cognition
expressed earlier. Mental representations are generated

patterns, rather than static structures which come activated

| by some transfer process. This allows for structural

compatibility with such behavioral phenomena as. the momentary

and long- term distortions in the recall of experiences.

priming phenomena, and the deleterious effect of Similarrty in

recall. _All these events are seen to occur: because of the_

processing of subsets qf stimulus. features composing mental

representations. For instance, distortion in recall is seen
to arise from the deactivation of some of the units comprising

a representation. Their subsequent replacement with units

~ more frequently activated in the context of those remaining,

accounts for why distortions occur in a culturally determined

manner (Bruner. & Postman, 1948) . Similarly, preexposure to

~ some stimulus attributes leads to enhanced recognition and

recall because some of the»features of the stimulus
representation are activated by the priming procedure

Finally, confusion among nominally Similar items is due to the



51

' oVerlap of identical features comprising the competing

representations.

) A more abstract account of the role of structure is
poss1ble as well. The organ12at1on of what has been called
"long term memory" (LTM) w1ll be discussed along w1th some of
the 1mpl1cat10ns of the present concept1on It is important
to note that many writers have used the_concepts outiined here
in some form or another (see Bindra, 1976; Norman & Bobrow,
1975; Shiffrin & Schneider, 1977)! 'Basically it is assumed
‘that feature detectors can be organ1zed 1nto “nodes" or
collect1ons of features These nodes are permanently in
'memory in the sense that part1cular 1nput stimuli can activate
the whole constellat1on of features mak1ng up the
representation. (It is understood that act1vat1on is
analogous to process1ng y @s used earlIer )

Nodes consist of features, but may also consist of other -

nodes as well These features and nodes include€Structural‘
' elements in the case of concrete st1mul1. or more h1ghly
organ1ze6 features like the relat1onsh1ps w1th other nodes ‘
Each feature may be represented in more than onernode, as, for
example; in'the case of the or thographic charaéteristicsdof
words. What makes one node dlstinct‘from another is the
'potential for all elements of the node to be act1vated at one
 time, Activat1on however , can be restricted to only a small
.number of features of the node. The organxzat1on of features

into nodes is a learning process that is influenced by

variables such as ‘the number of exposurés (trials) previous
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integration {meaningfulness), and stimulus duratdonr
Activation of a particular node or collection features
'requires a certain amount ofpmenta] effort or capacity. To
activate an entire node involves more processing than to
activate just a’feu of the elements. Further, it is assumed
that there is a finite number of elements or nodes that can be
actlvated at one tﬁme While the system may have some-‘
flexibility in al1ocat1ng capacity, depending on the task
demands of a situation (Kahneman, 1873; Navon & Gopher 1§79'
Norman & Bobrow, 1975), it 1s the limited number of features
which can be activated that underlies the observed channel
'capacity of the organism'(Broadbent, 1958) . The automatic
processing of information (Posner & Snyder, 1975; Shiffrin &
Schneider, 1977) refers to the activation of the primary
feature detectors of a node. Because of the massive practice
acquired from constant structural analysis of stimult, or
perhaps because such detection is innafe,‘the organism can-
process a large‘number'of these teatUres StmultaneOUSly.

without overtaxing capacity.

Deeper; more cognitive processing involves activation of
_ »aggregates of units not usually associated together, or even
the activation of previously unretated nodes This demands
more capac1ty than lower-order analysis and thus leads to -
attent1ona1 focusing or the‘1nab111ty of;subJects to proce§s
information outside.an activated cognitive domain. More will
be said about consciousness and attention later, but for the
present it is 1mportant to note that structurally at 1east

there is no speciflc'"f11ter or mechantsm where 1nformat1on

~
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flow is limited. In fact, the current approach suggests that
one capacity limitation of ‘information analysis is the extent
to which the stimulus components are integrated
preexperimentally. Extensive exposure to a stimulus
configuration is assumed to result in more integration of the
nodal components yithfan attendant decrease in the effort
expended toractivate the node. Hence, node activation,
effort, capacity, processing, and focal attention are assumed
to be determined by the extent to which stimulus features jn a
configuration make contact with their neurological

representations.

Certain other aspects of nodes are worth noting. The
act1vat1on of 2 node or feature detector takes place only when
its threshold is exceeded ‘Whenever threshold is exceeded for
a node and it 1s activated, related nodes have their
thresholds reduced. This reductlon of threshold is greatest
for nodes that are closest to the activated node. 'This is
assumed to occur because the activated node and its related
'counterpart wou 1d have a number of features in common. . The
more related two nodes are, the more features they'will share,
and the more 11kely activation of.one node w111 lead to |
vact1vat1on of the other. The lower1ng of the thresholds is
usually temporary. Over t1me ‘the threshold tends to return to
its previous level if no other related 1nformatjon is 1nput.
With high degrees of learning, more oermanent alteration of
‘threSho}ds are possible. Thresholds of nodes are therefore
critica]ly dependent upon previous integration'of the features

comprising the representation. However, the terms "threshold”
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and "integration"” are not interchangeable. Striqt]y speaking,
the former refers the input energy needed to activate a
~feature’er node, thle the latter term relates to the tendency
of all the features composing a node to' be activated together.
Treisman (1960) has argued that stimuli activate “dictionary
units” (a concept similar to that of nodes) and that certain
unite, such as one’'s name, can have a permanently lowered
threshdld. Qtherwise, she views the change in threshold as a
rapid and short]ived change in the discrfminability of the
input signal. This conception is compatible with the current
orientation. p

Learning ' . T

3 .
The present approach can be extended to include learning.

phenomena as well. One critical assumption of the theory is:
that a constellation of actfvated pnﬁmary.feafures makes up
the mental»representation of an objectfor‘2vent. The‘nay
organisms'acquire Knowledge is by the repeated activation of
the same feature detectors in response to a stimulus. This
principle is central to the present accoUnt and it surfaces
in almost every aspect of learning | Here learn1ng is regarded
as a relat1vely permanent change in behavior 1n response to a
st1mu1us conf1gurat1on due to experience. _Every behavior
made by an organism is assumed to occur in‘response‘to a
dspecific stimulus evenf These events can be externa1 or
internal\ The tasK of the present. thes1s 1s to expand upon
how the st1mu1us 1mp1ng1ng upon an organ1sm becomes
psychologically transfqrmed into response-produc1ng event.

Obviously, not all stimuli can control behavior at the same
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moment because of the response limitations of the system.
Some acquire priority over others in certain contexts because
of previous learning. Even in situations'where so-called

automatic responses occur, prior learning is implicated.

]

It has been argued earlier that patterns of activaféd
'_detector units make up a.mental'representétion. One can
,conéider these units to come prewired and that they takewon
fuhctional significance if stimulated during critiéal periods
in an organism’s development (Nash, 1971). That is,‘fhe |
normal organism is assumed:to be equipped at birfh with

: particu]ar.response potentiélities.' Learning certain v
resbonse§:at;an optimal developmental moment seems to be
required for some behaviors to be established (Lorenz, 1960)."
Activation of feature detectors at some time in an organism}s
 ‘ear1yJexisten¢e is. probably neceséary for the later N
functibning of these dgtectors. ‘They are assumed‘to bé part

of the .neural organization present at birth.

.Wha§ is acquired by the rebetitive occurrence of a
stimulus is the tendency of:pahticular feature detectors to be
activated tégether.' For example, the breSghfation‘of a square
~ would Téadvto activation of four corner detectors, along with
edée detedtors, Eventuaily,‘with fhe'ﬁepeated‘exposufe to
squares, the thréshold'fdr_this constellation of detectors to
be activated together would bé.lpwered. What would have beeh
an initially inadequate stimulus to establish a rebresentation
of "squareness” would léter bé sufficient. ;hfs Qxamble‘

illustrates several important features of the model.. Clearly,
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it is assumed that patterns of deteetors are activated to .
cdmprise a representation. There are no specific units'that
‘become higher-order units corresponding to "squareness" |
Perceptidn of form occurs when the established pattern
representing that form is aetivated} It must be emphasized
that 1earning mere]y lowers the activation threshold of
objects; it does not transform them into someth1ng else. This
assumpt1on is critical because it ref]ects the be11ef that new
learning occurs only in relation to the extant cogn1t1ve state
of the organism. Furthermore, this approach is economical in
that all unique constel.lations of activation are composed'fnpm
a common pool of features The almost limitless capac1ty of
semant1c memory is due to the overlap of features composing d

- mental events As learning progresses, these 1n1t1a11y novel
patterns become more- and more eas11y act1vated as they become
‘more familiar, but there is no qua11tat1ve change in the Kind
of mental RePresentat1on of an event Th1s is not to say thaE'
elaboratlon cannot-occur but if it does, it merely adds to -
the: cr1t1cal features already in the representat1on in fact,
'dur1ng learn1ng it m1ght be anticipated that an opposite
veffect would resu]t' Some 1n1t1ally critical features of a

- representation may become less impor tant and drop out with
-oyerlearn1ng Redundant infgrmation may d1m1nlsh in

impor tance as thekorganism acquires ski]l.indenqoding‘
repetitive events. If this\is the case,.then'capacity
limitations evident early in learning'may be minimized by_
altenations in feature thfesholds or by changes in the

defining characteristics of a representation. -
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T%e notion of thresholds is importaet in the present
account as well. It is suggeeted tha§°everyvfeature detector
has é threshold of activation. Apart from momentary

-yariébi]ity indigenous to the system, there are a]ways'ways‘in
which learning can alter these'§tanderd thresholds. A very
sa]ient stimulus can;activate ifs mental representation easily
~because prior learning has lowered the activation threshold
for that item. In fact, "salience" can be regarded as anether
term for a lowered threshold. A second and more imporfant,way
in which learning influences threshoids is ﬁn the case where
the establishment of one pattern alters the activation of |
another. This is the basis of the.we1i-Known_priming effect
(e. é' Posner.&'Snyder, 1975)' Here the preeehtetioh of an .
initial stimulus facilitates or 1nh1b1ts subsequent process1ng
ofea later stimulus, even after the fIPSt has been removed
' This suggests that the activation of one set of detectors
invo]ves activation of detecfors froh othér representatiohs,
proportional to the degree of overlap of common detectors
Hence priming by presentat1on of a peémary assoc1ate 1eads to

faster recogn1t1on of an item than pr1m1nng1th neqﬁra] words

(Warren, 1972).

Otheh;establfshed effects can be interpreted from this
’persbeetiveﬁés.well. The]semahtic set-size’effect (Shéeffer'&
: Walléce;'1914) is one suCh'examﬁlel"SUbjects presented two
‘words can decide mere duick]y if they are related the cloeer
they are semantically. ' Thus, subjects c’an decide that a ROBIN

is a. type of BIRD faster than 5>ROBIN§is a type'of‘ANIMAL.
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Once again, this effect is most 11Kely due to some feature

activation process, the bas1s of wh1ch is 1earn1ng

D

The foregoing discussion does not clarify the important

- issue of what leads particular information. to be‘actﬁvated at
onedtime. It has been argued-that thresholds are'lowered'foer
re}ated representations'because many of,the features activated
in one representatton overlap with those of other %imilar \
patterns. This does not explain just how some patterns become
activated in the f1rst pjace. To do th1s 1t is necessary Yo
return'to the assumption that all learning 1nvolves the
establishment of stable patterns of actiQated features. What
inttia]]y is'activatedvare the.Qery basic, structural aspects ,
of an object. _Later, as,addttional information becomes
available to the organism (fromvpreviousAlearning,
proprioceptiVe cues.rmoods, or persona1ity characteristics)

other‘features may become activated The end product of a]l

th1s input 1nformat1on is an assembiage of act1vated/¥gatuF€§"\

i

s

that represents all the relevant aspects of the environment.

The pattern estab11shed is in a-sense a statement of the

"cond1t1on of the organ1sm and an h1storrca1 account ag’well.

That is, not on]y does some: verd1ca1 aspect of the timulus'

become act1vated but also all other prev1ous1y acquired’

1nformat1oq. In this’ way expectat1on is 1mportant

g N “ o
in the nature of the. pattern finhal

-

expectancy of an Organism s violat

When the

in some fa h1on a new
_ pattern of act1vat1on arises and leat'1ng OCCUrs that

) context (cf. Rescocla & Wagner, 1972). With repea ed
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Vtolations of expectancy the new pattern gradually becomes the
most probable in the new context. It may also be surmized
~that the more expectancy is Violated the more learning occurs
on a g1ven trial, accounting for the typlcal find1ng of

: negatively acoelerat1ng learn1ng

It goes wi thout say1ng that the role of’learn1ng is
N profoundly influential in select1ve.behav1ors as well, Recall‘.”
' that selection is assumed to be determined by the act1vat1on
of certa1n conf1gurat1ons of patterns correspondlng to
,.k'st1mulusvprocessing at d1fferent.levels. So called .-
‘preattentlve“ or”"automatic" processes occur without intent,
| effort or notlceable expenditure of capac1ty Because of
'th1s,.a conS1derable portlon.of ‘the nom1nql st1mulus f1eld can
be processed Later, deeper analyses are presumably more
ujcostly with respect to the above ‘and a smaller more focused
:lanalys1s must be carr1ed out so that capac1ty l1m1tat1ons are -
',,not exeeeded Learning is lnvolved in that the degree of
:”stCus is prtmarwly determ1ned by the sophlst1cat1on of the ]
-:”:ppattern established-by pr1or learn1ng When a large amount of
fgb'practice is expended 1n acqu1r1ng a. representatwon the o
liffiactivation Of a complex pattern ls much faster than 1t
llfinitially was, even to the point of 1t becoming automat1c | Ina :
,{:}athis regard Neisser (1976) Schnelder and Shiffr1n (1977), and
~Shiffrin-and Schneider. (1977) have alt demonstrated that some’
'"gicomplex behaviors can become reliably reproduced after massive
";Epractice witb little effect on other 6ngo1ng behavior The ’ f‘\-

T e

;present thesis 1s concerned with just thls effect Selection ,

fthat requjres deeper processing of a st1mulus 1s assumed to
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. lead to a more focused analysis than selection repertoires

that are based on lower-order proCesses. Elaboration of this

‘assumption will be made later but for the moment it is

important to emphasize the role learning plays in selection.
Novel patterns cannot be selected from a stimulus complex as
easily as fam111ar patterns because the threshold of

act1vat1on'for the former is higher than that of the latter.

: Thts difference %s due to the relative'practice subjects have
.had in establishing each representation. This last assumption

-implies that‘]ower-order processes are mentalitransformations

that have been conducted so frequently that, upon .their

1n1t1at1on completlon follows with little demand upon.

- capacity., H1gher -order analysis and selection requires

greater capacity because the act1vat1on of unique

constel]ations of features does not' occur with the benef1t of :

)

- previous learning. : L o

&

Conscjggsnesgs
‘ e :
Recently the concept of consc1ousness, long regarded by

the behav1or1st tradition as an untestable construct has -

become a top1c of theoret1ca] 1nterest-(B1ndra, 1976 ;

Blumenthal, 1977; Mandler, 1974, 1975a,b; Neisser, 1967, 1976

Posner & Snyder,i1975' Posner & warren; 1572' Sha]]iée,'1972).
Wh1le<certain uses of the term must be avo1ded if theoret1c
clar1ty is to be attained. (M1ller, 1962), it rema1ns, in
Mandler s words respectable useful and’ probably necessary
Much of the difflculty associated»with the term arises from |

the un1quely phenomenologlcal character of the data envoked to ]

*_support it. Appeals to 1ntrospection however intuitively i
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palatable, are an insufficient source of information regarding
consciousness (Natsoulas, 1970) This poses a serious
dilemma How are we to examine phenomenon readily accessible
to introspection, and indeed, an important aspect of
introspection, without direct appeal«to introspection?'
Compounding this difficulty is the definitional problem |
associated with constructs grounded ‘upon private experience..

As Mandler (1975a) cogently points out, there is no reason to
assume conscious contents correspond to the language used to
describe such contents Even if there was an isomorphic
relationship between cons01ous representation and language, it
is not clear that the act of transmitting.phenomenological
data can occur without transformation of;the'dafa -
Furthermore as we question private experience we unav01dably

modify consciousness by the act of 1nqu1ry itself

L These difficulties still present formidable obstacles to

- a serious examination of conSCiousness now. as they did a
‘:century ago However, there has been some recent theoretical
:‘reorientation that minimizes, although it does not eliminate,
these class1cal problems In this regard, the work of Neisser i
ilv(1967) is seminal " He has suggested by his use of the |
_,concepts of ”preattentive“ and "foca] attention" that
'consciousness (although he called it attention) can be
'ifru1tfully studied from a process orientation That is, .

"certain cognitive,behaViors occur automatically without

"Lv_apparent aw;reness while other activities reqUire the .\

ft”‘investment of voluntary attention with resultant awareness of

“-fcompletion These processes often lead to an “internal
, . S e L .

T
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verbalization"(ﬁeisser, iQSZﬁ. Hence, attentioh or
consciousness.was assumed- to be related to a-mode of stimulus
processing. thh'the advent of human information processing
theory, it became possible to discuss consciousness from this
point of view, and_seVerai'researchers have done so. The
‘princigle advantage gained is to avoid to a large degree the
problems associa%ed with a mehtalistic definition of
consciousness and to provide a means of acquiring‘data free
from the methodolog1cal 11m1tat1ons 1mposed by an

introspectionist approach L o ‘ -

Such a change in or1entat1on can only be bought at the
cost of several add1t1onal assumpt1ons about human behav1or,
however . First the process approach necess1tates some
explicit statement about the relat1onsh1p.between processes,
'states; and_consciousness. Previously in this thesis the two
former terms have been dist1nguished However }reiatihgfthefp
' construct of consc1ousness to state and process: 1s fraught
\w1th problems. Is consc1ousness a state or is it a process’
If 1t cen be consudered either or both how can consc1ousness '
be conceptual1zed structurally'7 G1ven the recent advent of '
the process notion. it is not surprtsing ‘that 1nconsistent use
of the term has arisen in the literature Thus. Mandler

h(1975b p 53) states that "th1nK1ng is what takes place in
.consciousness ; yet asserts that consc1ousness §s not a-
': special place or space or area in the mtnd" (p,ﬁB)
Furthermore. "consciousness 1s a mode of grocessing that
' effects the state of a structure (p.50[ 1talic5‘mine) andvati

the same time:itrfs a state: "cognitive
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structurei .ma become conscvous“ (p. 50) Similarly, Posner
and Warren (1972) use the term in different contexts: N
“conscious processing" and "conscious attention" (p 36) are
process conceptions. while the phrase ‘once an item is

conscious. . . -(p.36) suggests a state definition. These are .
certainly not the only writers who have confused state and
process notions of consc1ousness, but rather their work is

'indicative of the area ‘as a whole

»

v : R+
Clariffcation_of the term eluded-scholars for years, and

it is unlikely that a definitive definition of consciousness )
will be forthcoming in the near future. However, it is
difficult to imagine cognitive,theorizing progressing‘without
some‘first approximation of what‘consciousness is. Several of
the authors-cited'in this sectidn'haVe already provided some
fruitful conceptual,starting points. It is'suggested'that

~ these notions, when applied to the present tneoretical
'frameworkrlcantyield a satisfactory statement about

consdiousness.

Recall the assumptions made earlier regarding the
structure of information in memory It was argued that
' cognitive nodes were either activated quantitatively along a

- continuum or they were not The state of a mental

representation referred to degree of activation of a cognitive_,

) node at any instant 1n time Conscious states are those
‘combinations of activated features that comprise complex
V_thoughts Acfivation of a complex pattern of features can

"only occur by means of,conscious processing, It‘ls assumed“"

.o ’.
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that states‘that drise from low-level processing of.
information cannot be conscious. Automatic cognitive

processing results in unconscious representations.

It is important to note that consciousness is not assumed
to be a fixed capacity (Mandler, 1975a b; Posner & Snyder,
1972). Absolute limits in attentional allocation, information
processing or- consciousness cannot be considered until some -

empirical measure of the}psychological quantjty of information

- can be made. Similar tasks may require'yery different |

cognitive capacities, but so long as our definition of

capacity remains tied to 'overt response measures we may never

. satisfactorily examine process limitations. Further,, recent
'demonstrations by Spelke, Hirst and Neisser (1976) and
~ Schneider and Shiffrin (1977) ‘have demonstrated that the

; capacities of human subJects can be dramatically modified by

extended practice Tbe extent to wh}ch these findings can be

"extended to con501ous proceSSIng is hypothetical but

nevertheless they suggest that strong limited capacity

. assumptions are unwarranted and poss1bly untenable

A reasbnable'qﬁeStion at this point is why does complex’

proce551ng lead to conscious representation° From the'present

} 'theoretical perspective, it 19 because of inertia involved in

establishing a higher order activation Since deeper

LA

_ processes are unpractised and more focused than lower - order .

automatic analy31s maiﬁtenance of these states requires
conswderable attentional investment by the subject

Additionally, higher-order representations are less liKely to R

[
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be displaced by similar 1nformation Recall that lower-order -
information was assumed to be rapidiy displaced by the
continual flood of structural input. Unless this inputris'

s topped, as in the Kroll, Parks, Parkinson. Beiber, and
Johnson (1970) experiment, structural detail will be rapidiy
lost. This rapid loss will prevent con501ous experience of |
these events. Complex mental’activity is'IZss Iikely to be
displaced, because the component features that comprise the
thought are relatively novel assemblies of units. .This,is to
say that automatic processing of information leads to the
establishhent of a fleeting, unconscious representation In
cgntrast the focused attention requ1red to establish a

‘semant ic representation results 1n a consCious experience of
the stimulus event. Not onlyedoes this mean that they are
less ,practised and require'mor‘e'eff,or‘t/t'o,e‘_st'abli sh ‘and
maintain, but they are also more'resistant-to_removal.by |
structura}‘inputt If, howeVer,jsimilar higher?order,units are
activated sUbsequent'to the initia] code, interference due,to
: Similarity will manifest 1ts deleterious effect in this

instance as wel], and consc1ous experience of the 1nit1a1

representation w1ll ‘be” minimized 1f not entirely eliminated

Altered states of consciousness are also relevant to the
‘ppresent oﬁientation We have already discussed some of the
Qimpiications of practice on the automaticity of. encoding :It':

s quite likely that. conscious experience diminishes in a o

flawful way with extended practice Certainly some activities,.i,r

ke driving a car or typing, can be conducted 1without N

7] conscious/awareness but only after long periods of practice
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'Learning these~activities_takes place with awareness, or

- conscious experience. It is important to note that the
withdrawal of awareness occurs as the task becomes easier and .
‘less demanding. However, even the experiened driver will, on
occasion; oe confronted with a stimulus configuration that is
unfamiliar (1ike a near colliSion). This usually results in
an immediate conscious experience and focused attention to the
task at hand. From the present‘perspective.;this is because
the task demands of the situation require activation of unique
patterns of features (i.e., demand more attention), resulting -

- . 5

in awareness.

Another eiample of altered states of consciousness’has_'
been discussed by Mandler (1975a b). He has argued that
stopping the "flow of ordinary consciousness” results in a
meditative state that is held to be. enriching and v i
enlightening : Regardless of the purported benefits of 'such :
behaviors, it seems clear that reaching the desired state can
occur only when higher-order relationships are excluded from
‘thought. .In fact, 1t is common practice to meditate on a
specific object or perception.} These behaviors seem .to
reverse to normal course of stimulus processing. Here”
structural analyses are concentrated upon, without y
‘displacement from incoming stimulation Usually structural
information never reaches consc10usness because it is dealt
.w1th automatically and is: rapidly displaced If no other
information is 1nput “the initially activated features remain
activated j When a single percept is 50 held in consc1008ness.
unique featureS‘of it may be discerned Because processing cf |

-

e T .
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other information is stopped and awareness‘results 1t 1s
correct to call this a consc10us state Typically, gﬁ?ev1ng
thls‘level of cogn1t1ve control is exceed1ngly d1ff1cult Not
surprisingly, devotees of these esoterlc practices ciaim

consciousness stopping can occur only with much practice.

.Finally, it seems important to distinguish two aspects of
consciousness that are accounted for by the current treatment
of theAtopic. Hochberg (1870} has argued that consciousness'
is botheselective‘and Organized Thls is cons1stent with the
present approach because it is assumed that as process1ng goes
more deeply. greater select1on of meaning occurs along\w1th ‘
consc1ous experlence Th1s selection in consc1ousness occurs
in exactly the same way it occurs in al] h1gher order
,processes As attent1on becomes more and more focused,
specifiC'relat1onsh1ps between patterns are act1vatedz'while
general relationships arefinhibited‘ Selection resu1ts in
consc1ous experience at the very h1ghest Tevels of proce551ngt
Clearly, the assumption of qualItatwve and quant1tat1ve
distinctions between process1ng modes must ‘be reflected in
: consc1ousness Indeed it is qu1te poss1ble that A
.'consc1ousness is not an all -or- none phenomenon, liKe -

'processing 1t may vary along a cont1nuum Such an assumpt1on
, foLlows from the theoret1cal p051tion stated’ here1n, and xs
also in agreement with the phenomenological exper1ence of

_altered attentional states

In addition. consc1ousness is organ1zed : Thus. thef

act1vat1on of one pattern wil1 make slmilar patterns more

- -



 like1y to be activated in the same context. This can only
eoccur, aCCOEding tovHochBerg, if some "interna1 constneints“
"éan be predicted on the basis of previous infbrmation

fBecause such organization is co1nc1denta] with h1gher order
'proce551ng, it is held to be consc1ous as well. As-a
corollary, it may be assumed that automatic processing is less
well organized. That is, preexposure to a stimu]us would be
expected to prime lower- order detectors much Yess than h1gher-
order representations, because elementary processes are
assumed to be implemented without‘interruption of ongoing

- activity or awareness (Poéner & Snyder, 1975).: Although there
.is no extant data to SUpport this notion, it'may be predicted
" that these bas1c units are more pr&ne to interruption from

subsequent 1nput, and are thus less well organized into h1gher

un1ts

[y v
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COMPARISON WITH OTHER THEORIES OF ATTENTION

In what way does the pnesent approach differ from the
theoretical positions espoused recently by other researchers?
How does the current undertaking account for the empirically
established phenonena, and does it do it more successfully
than other onientations? These quéstions must be answered if
-the present account is to be seriously considered. The h
strategy adopted in/this section will be to review some‘of the
crucial ,assumptions of different approaches. and comparebthem
with the corresponding assumpticns;of the present conception.
‘While it is,beyond'the scope of this paper to exhadstively
review the various theories of selection, certain important
aspects'will be examined in sufficient detail to make a

meaningful comparison to the present view.

Filter ‘Theory

Perhaps the most influential«attentional construct in
recent years has been .the asstption of a "filter. that '
’selectively'fccuses‘attentlon to some lnbut (Broadbent, l958;
1970; Treisman, 1960, 1964a). Considering Broadbent’s {1958)

model for moment, it is lmportant‘to_note that information .

s asshmedltofenter\the system either thrcugh'parallel sensory

channels, such as the left or r1ght ear, or on “funct1onal"'

. channels that 1nclude messages with a.similar frequency.c
p1tch loudness or locat10n .g%cause there is a- limited
capac1ty processlng channel later on 1n the system,.a f1lter-
is postulated to account for the tendency of subJects to

select pne of the parallel 1nput channels. Unselected
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channels are thought'to be stored for a brief time in the
short-term memory. Unless this information is rehearsed it
will deteriorate in a matter of seconds and be losti
altogether - Only attended messages are able to make contact
w1th 1hformat1on in long term memory, or to activate the motor
output mechanism. Because of the limited capacity channe]
attended messages must be ierial]y crocessed to avo1dv
over]dading.

Certain objections can be made regarding Broadpent}si\
conception.of a filter. It is clear that the notion of solely
a physical basis for the selection of channels is tnadequate.
‘Moray (1959% has shown that subJects will notice a
semant19a11y salient feature on the. unattended channel such as
the subject’' s own name, and Grey and Wedderburn (1960) have
demonstrated that subjects will switch to the “unattended”
channel whi]e_shadowing,‘iffthe information contained there is
semantically predictabte from the shadowed porticn Treisman

(1964a) has mod1f1ed the f11ter by postulating in more deta11

. Just how the mechan1sm works Information enters into the

© organism through para11el sensory'channelsfand is analyzed in |
a'primary, physical manner. The filter works by attenuating
the output from these analyzers, such that only messages w1th .
‘a partlcular/9223;cal character1st1c are- selected for further

: processtng 4 The nonse]ected channels also pass deeper 1nto
the system, but 1n a weakened form. Al] messages processed at'
1'the phys1ca1 Ievel are potent1a11y able to be consciously
ixexperlenced by the subJect The attended and attenuated

,1nformatlon 1s then processed by a recognit1on mechan1sm that

™~
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consists of "dictionary units”. These units fire when their
threshold is exceeded by the corresponding input stimuli.
“*here are two important features of the dictionary unit
threholds: First, they could be different for each unit'andh
‘second, they can vary depending on the context of a particular
task. That: 1s, thresholds can be permanently lowered from
extended pract1ce or temponar1ly altered by events that
)mmed1ately precede the activating stimulus. ‘Attenuated byt
“important" signals are percejved because the thresholds o%
the corresponding dictionary.units are always.low In
contrast, normally less salient stimuli may become actwvated
'ea511y in certain s1tuat1ons if they are prev1ously primed by
the occurrence of related st1mul1 Un1mportant attenuated
fbmessages usua]ly do.not activate d1ctlonary ‘units because -
those un1ts~have h1gher thresho]ds | ThresholdS'can also be
a]tered by 1nstruct1on or by the context of the input . |
1nfoﬁmat1on Hence, telling a subject to respond to a
part1cular s1gna1, or prov1d1ng 1nformat1on;that has beenf
assoctated”With~the,signal in:the‘past, shou.ld make .
| recognitjon'of;the signat‘more;probable'beqause thehthreShold}_
of the corresponding dictionary unit has been.1owered;' |
The present approaCh'is compatibte Withda'fjlterv |
or1entat1on but enterta1ns some 1mportant d1st1nct1ons as

well. For example as in f]lter theory, it is assumed that

;.select1on of messages on the basis of some physwcal attr1bute

t

is poss1b1e Fa1lure at that po1nt may lead to select1on at ‘a
semant1c level v Th1s is to say ‘that the phenomena of -

select1on is not 1n questlon but rather the mechan1sm by which

‘-
Sy ’ . . N . . e
- . . -

- - . -
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it occurs. In this regard it is presently conven1ent to j
adopt the assumptions of dlct1onary units and: variable . |
thresholds as stated by Tre}sman, albeit w1th some noteable
caveats. First, dlct1onary un1ts are assumed to consist of a
converging hierarchy of elementary analyzers. While Trelsman
‘dssumes activation and recogn1t1on of a whole unit occurs in
an all -or-none fashion, it is presentlydsuggested that a
pattern of elementary analyzers areracttvated. 'Further, it is
,assumed that a'continuum'ranging from inactivity to full -
activation of e]ementary‘units ekists; As stated earlier, 'the-
establishment of a representation doeswnothmean all units
composing that structure are active, but rather that at least

a minimal subset of them have exceeded thresho]d

The cr1t1cal d1st1nct1on between approaches lies in the
concept1on of the filter. For Tre1sman the f1]ter ex1sts at a;i
def1n1te place in the 1nformat1on process1ng system, but 1t is
never made clear Jjust how select1on is accompl1shed at this v
po1nt Se]ect1on higher up at the d1ct1onary level dgpends
upon the act1vat1on of recogn1t1on units.. From the present
po1nt.of view, the postu]ate of two select1ve mechan1sms seemsg

unnecessary, part1cular1y since the 1 ans by which select1on
| occurs in’ the f1rst place rema1ns unspec1f1ed The present
' approach removes the need for a distinct low- level analyzer
' because it is assumed that a]l selectwon TS due to act1vatlon
E‘of recqgn1t1on units. In th1s way the restatement of the -
phenomena (i.e., that "f11ter1ng" occurs at the physical
level) 1s not used as an explanat1on of the phenomena 1tself'

It also seems most convenient to minimize the structural

a B
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' aspects ‘of the information processing system Filters, short-

- term memory. the 1con and control processes are unnecessary

-

o “in the present account because the activation of recognitijon

/’” current orientation adopts a process acoount of the above '

phenomena Filtering refers to the tendency, of some units to
/

@:}3 be activated in~a particular context while others are not

R /— v
Short term memory capacity is the number of such units

activated The 1cpn is the most phys1calistic representation
‘h of . a stimulus 1n terms.pf unit activation, and control
o 7 :
‘*,fprocesses are the/sequences of activation that occur a?ter

stimulus onset mbf iﬁ_i"* 412 T I

T S

*

ySelection of a particular message occurs because

>
\_\

h\MCOr esponding mental representations are deactivatEd and

Their presence in the

,ﬁinputs'are'simply not processed

f,{;' units procures these functions. Unlike the filter notion, the:

N

Tsome way restrained from reaching awareness.f Nonselected',f
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the item occurred even though 1t was on a functionally

'nonattended channel ThlS merely underlines the ﬁeces51ty of

jconSIdering attention as a process cont inuum. At the extreme
end are those stimuli which are truly not processed and thus

do not demand attention, or capac1ty Further along are those
{ : .

items that do not have any dramatic or apparent effect on

,attention but which have- used some processing capacity, if

"our methodology is sensitive to measure it (e.g., Corteen &

Wood, 1972) . > At the other extreme are those tasKs_that very .

':obviously demand a- great deal of processing - The important

_point is that selection occurs by activation of 1nputs and not‘

by any. mechanism of inhibition

s . ’ ~

Finally,btwo other constructs are used differently in the

- | A

current theory First, the "bottleneck" or capacity

;,'limitation typically observed in human behaviorsris not

lnecessarily to be found in any one place in the system It is

~’assumed that failure 1n unit activation can occur at any of

o several levels dust as semantic information is lost because

| of input load physical analysis may be terminated prematurely-

'as well Also. the concept of channels is de- emphas1zed in

x]the present account To Broadbent (1959) channels were

:distihguished by physical properties or by semantic '
5characteristics Treisman (1964a) eraded the netion by

;assuming parallel processing ef messages can occur as. long as

Sﬁthe messagesﬁdc"not overlap the same analyzers The concept

O channels t;ius becomes ’difficult to definet wi_thin fi lter i »
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but failures in shadowingftasks (e.g., Grey & Wedderburn;
1960) have changed this vie'w..v While it is often convenient to
talk of channels, the construct appears to have no
.psychological validity Hence channels are assumed to be
synonymous with the term 1nformation and no strong |

/ assumptions of their structural nature will be entertained

Analysis by- Synthe51

A second major class of attentional formulations has been_‘f~

" the encoding theoriés (Egeth 1967 Haber, 1966 Hochberg,
1920 Neisser, 1967 Sperling, 1967) The basis of these.

' _theories with several important variations, is that encoding

., of information fs a necessary and suffic1ent condition for '
| attention., Encoding is assumed to occur after some |

preattentive ,,automatic analysis of the stimulus 1nput has

ertabeen made : Neisser (1967) ‘has labeled the unencoded if .

°ﬁ_51nformation iconic and echoic memory for vision and audition,i

.‘."respectively Unless this 1nformation is processed or

t'7encoded it is rapidly lost ﬁrom a very 1arge capacity, but

":f,short duraticn buffer Subsequent encoding of preattentive .

'y”r?Neisser (1967) has argued that encdding requires active h
f}ffre&bnstruction of the input'sdimulus' Hochberg (19707 has"

r'information takes place in a limited capacity medhanism
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”hgffilter J.Moreover, it is probably significant that both
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locus of selection is early in the system (although lreisman’s‘
dictionary units allow for later selection as well) In .
contrast, encoding theory suggests that selection occurs after
automatic analysis of the input.has been made. Also, o

selection in filter theory demands an analysis of the

- nonattended 1nformation to a level at which some ch01ce of

competing messages ¢an be made Encoding theory argues that
\ .
attention 1s 001nc1dent w1th encod1ng, and that Knowledge of ¢

the nonselected items fails simply because they are not

_processed Deutsch and Deutsch (1963) have adopted a modified
_view of encodwng theory'based ‘on fhe premise that all

‘1nformat10n is perceived and analyzed but only the messages'

that are put in long term memory are attended the.rest are

v rapidly lost from the short term store

‘~‘Several writers have pointed out the underlying

"”similarities of encoding and filter theory. despite fheir4

'r apparent differences (see Erdelyi, 1974 Kahneman, 1973; and
‘CWalley and Weiden, 1973 for x| discussion) Thus, it may be 7‘.‘f;;
'fargued Neisser s assumption that encoding proceeds serially as

jfa means ‘to~ avoid infcrmation overload is,‘in 1tself a type offfl*

.i:fapproaches employ the same data base as support for their
ffrrespective positions There does nct seem to be much data

;?i&that can be taken as a strong refutation of either position.n fflf!j

t&@hThis suggests thatfrhese approaches have a number of implicit ﬁf?f;
°7ffassumptionspin common. and encOUﬁaOOS the 0033151“t7 th‘t .
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~approach.

From the present perspective, it is argued _that the issue.

of pre' versus postperceptual selection is dependent on the

- definition of perception Like Erdelyi (1974), we prefer

;f effect is eliminated if we assume that perception and

‘adopt an information proce551ng bias for perception \\ih 1s,
perception and selection f 1nputs can occur at several places
in the process continuum of cognition Erdelyi argues against
Lan unimodal selector mechanism and suggests that selection can
occur in a different fashion at any of several suhsystems |

" The present approach, 1n con rast,’assumes that selection is a
result of process focu51ng that is in principle the same %t |
all levels of cognition ‘ It seems that a priori acceptance of
the postulate that perception precedes the\respo e System in

‘a unidirectional information processor, serIOusngCOnstrains

the theoretic options available to explain selection~effects
(Erdelyi 1971) Certainly, selection appears,paradoxical if f

. we adopt this assumption How can we select and hence. | .
perceive, a subset of information without first knowing 'ﬁ‘};'a_;'
(perceiving) that information in the first place’ The o

question of'whether selection is a perceptual or (esponse i

L = selection do not occur at any one Qlace in the continuum but

i ]

| finding of
”]m céntext is
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should lead to better recall'of the stimulus v Thts follows

from the present theory. because st1muli fhat are more l1kely

4

to Soccur in a particular context have several features _’

o

-~

compr1sing the1r representat1on activated surrept1tiously from
-the context itself. That is, related un1ts have thelr common ,‘
features activated c0ncurrently when one of the un1ts becomes‘
activated. An emp1r1cal source of support can be found 1n
] Underwood s (1965) study of implicit assoc1at1ve responses
| (IARs) s There it was demonstrated that;theymore closely a
target and foil word were assoctated the - greater Was-theﬁ
probability of a false recogn1t1on of the foil. This datavhas,
. -since been repl1cated by others (e. g., K1mbal 1968): buthlts_f
1mportance l1es in the strong support these results lend to p
the present conbept1on of attentlon Organizat1on also
follows from the same assumption. Hochberg (1970) pointed out
‘that attent1on 1mpl1es organizatton of 1nput¢1nto some i . “é .
| mean1ngful form In the present account this is accompl1shed -
by assumihg the focused activation of partvcular un1ts ‘that -~
‘are related to the presented st1mulus Selection of a (:.l

-

~aspecific interpretation is. 1nfluenced by prevlous T‘;rning a
- the innate eognitive structure of the organlsm Thu ,ﬁ:,-:"‘
; attention to awparticular detail of the stimulus 1nput must"'
'occur as a resultrof previous neural organization. Dr to put

it differently, the only way éttention cén be limited to a f~‘

"single aspect oﬁ?a representation s 4f thggh ts some v[??"d'

‘_.l,\i.,exteng'lve preexyrjmental o:-ganizationf;ef_that representat’tpq A‘%

S 01 L
N B
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preSent.orientation are apparent also. Because encoding is
‘assumed'toﬁoccur at any.level,iperception and.selection are
not"to,be found at any one'place'in the process continuum.
Preattentive mechanisms are not held. to be substantively
different from focal attention except that they are more -
fundamentally organized and are activated with much less
effort Selection does not depend on synthe51s of an input
‘80 much as .the activation of the features constituting the
‘mentaT representation of the nominal stimulus (1f this isu
";indeed different). This activation is not necessarily
. :dependent on the 1nput from some independent control process
{ or homunculus. rather ‘it is the result of learned responses to
. some stimulus configuration Complex mental behav1or is
- therefore limited in the same fashion as are elementary
,:analyses That is, the state of the organism (including
'.;previods association motivation and potential to respond)
'and the 1nput stimulus confvguration determine the nature of a
. response in a,given context Thene appears to be no necessity
11sto assume- that the echoic or. iconic systems are sufficiently
';fdifferent frbm the central processor to Justify their

i-ginclusion as separate entities within the cogn135ve domain

gt _1_§_ ttgggjg_a_ R S A

_ Throughout the preceding pages there has been sketched in
/,some detail the concepbunl bases for a model of selective f_v
attention*“iwhe 0 : it his beer |




can be made as Well' D1scuss1ng attentlon entirely from

'y either of these perspect1ves has been deliberately av01ded
because it seems that attent1on includes character:st1cs of.
each apprbach That is, attent1on seems to have both

structural and process aspects

Considering structure ?lrst it is clear that attention
must have some phys1olog1cal locus. Less obvious‘is the |
appropriate behav1eral structure implied by the attentional
cogn1tlve component The extant 'data argues that attent1on
cannot be regarded as a f1lter operat1ve at any one place ina _
process cont1nuum ‘Rather, 1t is best conceived as process,v
'l1m1tat1on that can occur anywhere in cogn1t1on Falter
4theory, as env1s1oned by Broadbent (1958) argues’ “for a’
"perceptual“ f1lter, but fllters are certa1nly not’restr1cted‘
“to early process1ng Act1vat1on of d1fferent representat1ons

- occurs and 1s correlated wi th the level of analys1s carr1ed

Jout on that 1nformat1on ' L1m1ts ex1st 1n the capac1ty |

subjects have for act1vatlng representat1ons at all levels

‘These llmits are what researchers have generally regarded as

attentton So long as the emphasis was on where activation of
,;4particular repre ntat1ons occurred it made sense to consider |

hthe structural azsecftrof attention Nevertheless. attent1onf:‘
’t'fcan be thought of as a process as hell Psycholog1cal 'J

_1transformat1cns of stlmulus input are what defanes attentlon,z
r‘;;ln that only a certaln amount of new 1nformation can be ,;(‘“

'ffactivated in any’ one context ﬁe variabl(s affectlng these

'ﬁgttraasf“”matigps ara proeess variables Examination of

ffofftive leads to a prcceé%

't v
s B N AR ,
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interpretation of attentional phenomena.

v

. Such a point of vieu has.Certain'advantages{ As;Neisser;

(1976l eloquently argues._selection, and by implication

, attention does not require an active process to filter out
certain 1nput Organisms, for example, do not respond to
cosmic rays and thus formally “filter " them out. This occurs
without any particular system to reJect these stimuli They
'cannot‘be processed simply because they are-inadequate.to
establish a representation rEven if they were'potentially: o
'adequate, the organism may lack -the skills motivation or &
capac1ty to do s0O. Selection can‘be made only by_a.direct and

active processing of stimulus elements

s

One may question just how this selection 1s accomplished:
v;%Does this mean that some homunculus is surreptitiously ’
‘”-_postulated to account for the fact that certain stimuli are
‘tprocessed at the expense of others’ A ldng standing problem--
:'v_ of attentional theories is the assumption of some internal,
unexplained mechanism which determines what is attended X
1Whether this mechanism is called a- homunculus. control process
'(Atkinson &'Shiffrin. 1968) or°even 1f it is not mentioned
‘¥(e g , Neisser. 1967) 1t appears necessary to most if not

iyfall extant theories of selection in fact the postulate of

| o homunculus appears.as a logical device to avoid the’ seeming ;:}j
;fzf;paradox of selective behaviors.ﬁ we cannot 'look at all

i:ifiinformation. yet we must select the salient features in the :
_Eenvironment.b To do so raquires us t0\ Know what the salient fjﬁh

_f',_i;flfeatures are but this~' is precisely the P"Oblem"”‘the .”"‘t
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place. "~ That is, selection can occur but only after some
analysis on the ent1re field has been accompl1shed " How 1s
the irrelevant or extraneous 1nformat1on eliminated before
| deeper processlng without doing the processing itself? And if
all information is processed at a r latively deep'level, Whv
is there a'selection'at al1? The inclusion of a homunculus to
control st1mulus process1ng has an attraction for some
theor1sts in: that it separates perlpheral from central
attent1onal.phenomena. It then becOmes%poss1ble to describe
~ where atfentlon is limited,'for‘example, rather'than‘why this
‘]imitation occurs},lThe'problem with this approach‘is that'jt
appeals to infinite regress. That is, control of stimulus
process1ng is not expla1ned because the honumculus rema1ns an
enlgmat1c black box bur1ed somewhere in the st1mulus :) }’
processing cnaln It 1s the present view that the cr1ttcal,
vquest1ons regard1ng attent1on cannot be broached let alone
eanswered untll theoret1cal formulat1ons of the homunculus are
'Aﬁattempted Whlle there are obvious d1ff1cult1es in fram1ng a
“cogent f1rst approx1mat1on of what these central processes
;must be, the}present theoretlcal or1entat1on lends 1tself to
.isuch an enterpr1seJ It was indicated: .earlier that selection
is the process1ng, or act1vat1oﬁ of feature detectors h -
Q”comprising a mental representat1on . Th1s 1s\the same K e
.mechanism that ‘determines what is attended to in ‘the o |
'<env1ronment Previousl;\it was suggested that the act1vat1on
'f,lof certain basic, elementary detectors may not- have to. be }
learned Llnes colors and frequency are examples of stlmuli |

i‘ “that activate these innate detectors. As an organism learns
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~more about the environment, combinations of these detectors

become activated ingresponse to moreicomplex stimuli;_ What is

important,\however,‘is that the process o; activation is

/

determined by the information available and-the previous

i kY

history of the organism W1th respect to the first p01nt t

. is assumed that selection of one input over another is

determined by external stimuli as well as those internal to
- T

the organism Expectations, predispos1tions and emotional

tone are as potentially 1mportant for - determining which

_representation becomes activated as are obJectiVely observable

*\stimuli It is also 1mportant to acknowledge the role of the

organism s previous history in determining selection Every
mental response an’ organism makes is assumed to reflect this -
- history. ‘ Determinants of selection include representations
that were incidentally activated in the past due to their

close temporal cont1gu1ty w1th another activated

. representation Because preVious learning 1nfluences which

input stimuli activates 1ts corresponding representation in

s .
memory, 1t procures all the functions of a homunculus , Inf

| this way the organism always has some . algorithm for selection"
\‘.

i . available Process1ng of stimuli therefore does not depend dn

'x_experience.f“

knowing beforehand what the stimuli are (as: 1mplied by other-

models) but rather by having some mode of selection available ’t~7

for handling ‘the stimuli. The organism may acquire a |

repertoire of selective responses that become operative.-‘
depending on the stimulus complex, and that is modifiable.by
I ln this sense. what is perceived and attended is

a historica 7statement of the organism There need not‘”’””'

e
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homunculus, soul, or other construct assumed to account for
selection behavior. In fact, it can be argued that the
central- selection mechanisms, like a homunculus, do not
account for stimulus selection without appealing to 1nf1nite
regress. ' Novel stimuli. do not present any particular
difficulty for -this conception since there is substantial
evndence to indicate that unique stimuli are Viewed for a f
longer time than familiar stimuli (Berlyne, 1958). This may
be one of many modes of responding. and it lS probably based
on the nature of the stimulus and the state of the organism
»Hence, the presence of novelty initiates a particular
selective response that is.no different in principle from

;' - .. l
other selective repert01res . A

Since the present theory assumes attention is a process.‘
it follows that attention can occur at several levels, That
"Nr 1f attention is 1somorph1c with stimulus analy51s,‘then

| several degrees of attentional allocation can.be made to the .
,same nominal stimulus To reiterate. these range from .
=, phy51cal to semantic processes Deeper“analyses are‘assumed

to involve greater effort more capa01ty and are ,/@

__phenomenologically correlated w1th greater awareness and

-h.conscwousness In contrast, shallow analyses 1nvolve much

.‘less 1nvestment of effort and are often cons1dered automatic
‘:The 1mportant feature to be noted here is that attention is
'7iﬂmat assumed to be a spec1fic behav1or but rather a consequence

' of cognitive actfvity Attention can be 1nvested into some
activity only by deeper proce551ng of the stimulus compTex =
Elsewher.e it was argued that attention is modifiable by

. RN
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-i:~ there is no logical reason to suppose ’that these systems

practice. As learning occurs, activation of mental
representations becomes easier, ' and more capacity is released

for other modes of stimulus proce551ng It is not clear just

A\
how practice would change attention Gt were only regulated _

by a filter

' The processing analogy’to atténtion also has important

implications for memory theory in. other ways. - In%the present

‘account perception and memory become 1nd1stinct from

attent1on The separate study of each of these cla551cal"
areas becomes 1mp0551ble w1thout examination of other areas as
well, Erdelyi (1974) has cogently p01nteg‘out that the notion
of perceptual defense is paradox1cal 1f perception is
con51dered to occur at’ one~part1cu ar place in the train of w

stimulus proce351ng - In order for perceptual defense to work

the meaning of a stimulus would have. to be,processed.before it

could be’ censored presumably defea fng the purpOSe'Of such a

f'cenSOr . This, of course,gis 51milar to the argument that can

be advanced against a. filter conception of attention and the
way out of both logical traps is 51m11ar Perception memory,

and attention may be. v1ewed as. occurring anywhere in the

processing continuum and need not be relegated'to any one [”

place To assume perception (or memory, or attention) ex1sts;

as an 1ndependent entity ahd is distinct from other °°9"ltlve o

phenomena inev1tabﬁy predisposes the Kind of interpretation

given to empirical data regarding these phehomena In fact 1Hfrg{'

"*udiffer from each ofher It is worthwhile to consider eaoh of

these as an aspect of the representational system

'-‘jFrom this

R




* herein.

"&ffor the processipg and 1ntegratioh of informat1on As an’
0'77example. cons1der Turvey s (1973) worK oh masktng He was
‘ ‘*:able to show that g; the onset of two eVents is less than

86
p01nt of view se]ectlon is coincident with percept1on and can
occur at several places and at different levels w1th1n the
cogn1t1ve continuum. Memory has been extens1ve1y documented
as. being related to the level of analysis of the to- be-

' remembered matertafﬂ(e g., Craik & Tu1v1ng, 1975), a f1nd1ng

.

which is consistent w1th the,theorettcal.development stated

Btumenthal (1977) presents another aspect of attent1on
- that is congen1al w1th the present conception. He argues t
a fundamental aspect of attent1onal phenomena are the time |

parameters 1nvo]ved in cogn1t1on The most e]ementary of -

these tempora] processes are termed "rap1d attent1ona1
integration” QgAI) and. these "... are brief pu]ses of

I'1ntegrat1on _h;w fuse a set of events or 1mpress1ons 1nto

.un1tary exJ P

4\“

(Blumenthal 1977 30) : For-a number
'Jof phenomena‘%ﬁnclud1ng gentra] mask1ng, apparent movement
t1me 1ntens1ty relat1ons, memory scannrng perceptIOn of
s1multane1ty" and stroboscop1c fus1on. a cr1t1cal tempora]
1nterval of 50 to 200ﬂmsec sdiins to be. 1nvolved Severa] \
. ’wr1ters haVe commented on these data and have suggested that
’ these—can be cons1dered m1n1ma1 1nformat1on process1ng
_‘1ntervals (Blumenthal 1977 Harter. ‘1867 Stroud 1955“ .. B
‘h1Wh1te 1963) - It appears that in each of the above paradigms

f,'an attentional ynterval ot about IOO msec ex1sts which ai1ows

: f-yabout loo-msec. Ghe procestng of the—first avent is disrupted

. \ P :‘s- ..
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paradigms from the point of view of stimu]us-processing)

A

Finally, it is important to acknowledge’ the roie of
attenzion in conscio shess. E]sewhere we have discussed
consciousness and re?;;eh\it as a subjective response to a-
deeper capa01ty demanding process It has . been argued that
sha]]ow processes 1nvo]ve less effort, and never reach
consciousness. The reason the former processes reach
awareness while the latter do not is due to the degree of
focus,;nvolved in each case{i The'term “focus" is intended to
‘reflect the assumptions made earlier regarding the depth of
analysis necessary to complete a task. Recall that
preattentive processes were~said. to demand very little
capacity, and couid therefore be alloceted over a broad range
of stimuli. Deeper analysis of the stimulus field could also
' oCcurf_but only by limiting attention to a subset'of stimuli
inﬁthe iield.“ This traoe-off between the number ofg
representations.activated in memory and the depth to which
they are activated, is termed focus. With detailed semantic
| processing of stihulus information, focus becomes greater with
increasing depth. This precludes processing‘of other
information because of fhe capacity demanded by the task at
hano. Shallow ana]yses do not require as much focusing andl
result in several types of information to be activated. The
nconsequence of this is the reduced»awareness to minimally
}attended stimuli In other words, attention to several
stimuli at a lower level is not conducive for establish;ng a

state of awareness about any of those stimuli. Deeper

processing and the concomitant focusing of attention upon
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by the onset of the second. Events that'ocour at an interva]
of longer than about 100 msec are perceived as being discrete.
It is beyond the scope of this thes1s to deta11 all the

. paradigms in which this effect occurs (ﬁhe interested reader
can refer to B]umentha], 3977 for an elegant treatment of the*
topic), but it will be.noted that it 1slpervasfve fhroughodt
cognition. It is clear that the masking research indicates
spatially overlapping and temporally contiguous information
wif] not be perceived or attended under,cer;ainvcondirions.
Typica]]y,va certain amount of time must pass for a response

"
bR

to occur. Whenever these limits are e&ceeded, an apparent
attentionaf allooation can bekmade. éince processing can be
considered a change of state over time, and because time is
’fundamentally related to attention, there is obvious utility

in considering attention as a process.

- Equating attention to a'cnange'in the activation of
mental representations over time leads to theoretical
integration in other respects. To the extent that memory can‘
be thought of es the activatfon of a representation, attention.
cannot be considered as a process different from‘menory. In

'fact, Mandler (1974) argues just this point; Attention can be
conceptualized as aAframe of processing. Whenever“the frame
includes mental representations activeted by immediate

r-experience the phenbmena examined is fermed perception In
contrast processes that act1vate mental representat1ons not
having their correspond1ng rea] -wor 1d referents 1mmed1ate1y
present; are regarded as memory. The important point to note,

M

however;'is the iépTicit relatedness of the different.
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other aspects of a‘ztimulus leads to "qonséious" perception
and awareness of the features processed. This means that

consciousness is implicated in attention, and is

indistinguishable from it. Also, it is clear that

consciousness, like attention, can be considered to have

several different levels. In fact, Mardler (1974) 5uggests

that consciousness can be regarded as a process, and like

other processes, it can be‘manipulated. One example given by

r

Mandler is the work on consciousnhess stopping. He has argued

that certain higher states of consciousness are based upon the

‘repetition of a single aspect of the stimuli. While it is

agreed that differeht states are ordered in their‘potential to -
evoke a "conscious" representation, it seems unreasonable to

suggest that these "higher" states are aiways associated with

‘semantic information processing. Deep, capacity demanding.

>

s latter, position (e.g., Mandler, 1974; B]umenthal, 1977) it A

behaViors can be observed with sfructura] stimuli 1ih cases
where, in Mandler’'s terms, an "attentional frame" can be set
upon the unique feature of the stimulus, and capacity to

process this information is required.

To‘conclude, attention is not to be regarded as a
structural component of cognition, but rather as a process of

cognition. While others have discussed attention from the

[
VAN

bears repeating that this leads to a number of conceptua1

advantages not found in the former approach. b

-
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| AND 2

INTRODUCTION TO EXPERIMENTS

Several assumptions about the natur®g_of, human information
.process1ng have been made throughout the preced1ng d1scuss1on
It is 1mportant to establish the emp1r1ca1 validity of these
statements for subsequent elaboration and refinement of the
7theohy. Ideally, the whole range of assumptions should be
subjected to chitica] empirical scrﬁ%iny. Rather thah'to
undertake a task of thjs magnitude, however, the proposed’
‘research is directed toward an examination of on1y>one aspect
of the current orientation. Recall that earlier a process
conception of cognition was put forth which was based upon the
assertion that selection is an inevitable aspect of such ‘
procé#sing, This»necgssitatéd the inc]uéion of a number of
statements about the naﬁure of the structures under lying
cognition. Lat?r,vit was argﬁed that certain éspedts of the
presenf approach allow for the incorporation of some diverse -
phenomena, such as the %con and consciousness, in an
integrated fashion. Hence, thé study of se1ection is

necessary to establish the foundation upon which much of the

theory rests.

It is clear that differential stimulus processing is
necessary for attention to.become focused in fhelpresent
+ account. The intent of this section is tb suggest a series of
studies to empirical]y evaluate this assumption. If
processing becomes deeper ?nd more ;esfricted, cértain

régu]aritfés in selective,behavioré should become apparent;

Perhaps the most basic assumption made is that selection
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bproceeds hiefarchica]]y to the depth necessary to establish én
encoding of thé nominal stimuli, as dictated by the'task
demands of the experimental cbntext. In addition, the
_selective proceés is éorré]ated with depth such'that more
intense analysis of a stimulus .component 5éﬁﬁonly occur with
the loss of informafion about other componenfs. This arises
because activation of feature detectors becowes more focused-
as more specific information is aBstracted from the stimu]ug.
<Evidence_for such a posifion comes from several sources.
Recall that»Mackworth.(1965)‘obServed that the presence of
nois% letters sharply reduced thé size of }he visual field in
~a stimulus detection paradigm. Simiiariy, keren (1976). |
repérted that detection;of target letterélwas poorer if they
_were semanticél]y distinguiéhable from haise letters than if
they differed phyéica]]y. This suggests that attention and
recall depénd upon.the degree.to which information is
:processed.} Other studies Supporting this notion include the
~work of Craik and Tulving (1975) and Horton (1977). These
experiments demonstrated that recall-agd reaction time
;measureé depend upon the task demands of the situation,
presumably because focﬁsing'of attention and depth of

processing 1eads to "strongef" traces being formed.

-The;e data, however, do not adequately address the issue
"of depth-as foqused'attention. for example, the use of recall/
measures to infer depfh is circular (e;g.. Craik & Tulving,
1975f; Better recall doe;'not neceésari]y iﬁg]y greater
depth, nor does it have to be related to attentional o

allocation. - The definition of depth also poses a problem, in
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that it should be def1ned independently of the dependqht
measure used to infer its existence. In Mackworth’
experiment too much emphasis is placed on stimulus deteétion.
Clearly, the acu1ty of the subJeCt is mod1f1d by noise but
.th1s does not‘mean that the depth of process1ng has been
changed by the. presence of d1stractors. In the Keren study
the stimuli are different for each ‘condition to insure
differential processind. This may have occurred, but it,is'
questionable as to whether‘or ndt the data were predisposed by .
this manipu]ation.' That is, procéssing differences dt
dissimilar material may not be SUrprising, but it)need not
'inp}y different depths are‘being emp}oyed. Taken together ‘
these experiments support the aSSUmption\of depth made jn'the
present theory,rbut'only indtrectly.“ What is needed_is some‘
procedurewthat insures differential processing of identical
stimuli and for which the yertficatidn oﬁ successful controtl
does not rest on differentia] reea]l'seeres. One method that
Seems to meet this criterion has been modeled after that of

Posner and his :associates (see Posner, 1869, 1978).

In this procedure:sdpjects are briefly presented a
stimulus and then a pﬁobe‘or test sttmuﬂus. After
presentation of the*test stimu]us subjects are required to
make a manual response if it matches the st1mu1us according to
some preexper1mentally Known cr1ter1on, such as be1ng
phys1ca11y 1dentica1 or sharing the same name. This method
has the advantage of allowing the exper1menter to control for
stlmulus durat1on, probe durat1on and 1nterst1mulus interval.

Moreover, the processing load imposed on the subject ‘can be
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varied by either increasing the number of stimulus elements,

or by increasing the difficulty of making a decision. -
r .

These advantages are not shared by other appféaches such '
as that of Craik and Tulving (1975). With their method they
control depth of’pﬁobessing by presentiﬁg an item and requ%réd
subjects to make a structural, phonemic brlseménfﬁc decision
about the word. :However, the difficulty of making a:deciéion
at any one level cannof be manipu]afed.' That is, a semantic
decision takes a~ce§téin amount of timeﬂtb make and if is
hifficu]t,vit not“jmpéssible; to var§ the_prbcess{ng Toéd for
- any.one item, Mbreover, it is not c]earqhow ﬁhe orienting
task ban bé embloyedftdéinvestigate ssleqtivé;behaviors |
directly, because oﬁly a single item %s presented for a
decision; Whiletghisfmethodology is certainly relevant to .the
'levels*of—analysfé 1s§Ue, it.is not adéquately suited for
investigating thé qugstionxof sé]ection as a focuséd
processing: Tﬁié‘is to point out th?t, although the 1eve]§;-
of-anaTysis;FrameﬁérK has been the conceptual starting:point
_ for mucb‘of'the_fecent'work in_stimulus processing, the

following experiments are based onva procedure that is more:

appropriate for the present theory.
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EXPERIMENT 1

An 1mp]1cat1on of thé present theory is that whenever
selection occurs, a certa1n degree of d1fferent1al process1ng
among the stimulus components takes place. The extent to
wh1ch this happens, of course depends on the context of the
experimenta] situation. Thus,,if a stimulus complex is
presented briefly enough, only a suoset of elements will be
processed physically, and even fewer'at'deeperileve1s. In
addition to the effect of presentation time,vother variables
.should be important as well. -When the stimulus is relatively
simple and unintegrated- both physical and semantic‘analysis

‘lm1ght be initiated and virtually comp]eted if the SUbJethls
‘rg1ven enough time. However, when st1mu1us comp]ex1ty is
: nncreased,.phys1ca1\analysis’should be much less affected than

- “gemantic processing; particularly with heavier memory loads.

Before examining the resutts'of,tne first experimentfiﬁh
di_ detail, it is instructive to review some of the predictions
that,follow from the thedretical orientation put forth in the
1ntroduct10n The most Amportant outcomes concerned the e
_ man1pulat1on of qua]1tat1ve and.ouant1tat1ve process1ng

"demands. In the‘present,exper1ment, stimulus process1ng was

'manipu1ated~two ways. First, a distinction. between processing

n »;at d1fferent levels was expected to be reflected in react1on

“t1mes and error rates whenever subjects were analyzing stimuli
k.

,Qby qualltat1ve1y d1fferent processes. This was manipulated by

ol

requ1r1ng phys1ca1 versus name Judgments with -the expectat1on

Athat name " judgments wouﬂd take longer because’ of the
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‘relatively greater depth involved in their processing. A
second way stimulos processing can’be mantpulatednis within a
level. This was done by presenting 2, 4 ch 6xitems‘betore
-the probe (test) st1mulus was presented " Here quantitative

rd1fferences in stimulus processmng were- expected to lead to

N .
changes in react1on times and error rates’ .that are directly
2]

¥

proport\onal to the number of 1tems that are searched ..

Focused proce551ng shou]d also be apparent in the present
experiment as well. To re1terate the ear11er d1scuss1on,
"Tocusing"arefers to the,1ncreas1ngilnm1tat1on of stimulus
processing that occurs with increasing depthu It was argued~
that as processing demands increase in a dualitatfye manner,
quant1tat1ve1y less information can be ana1yzed This would
resu]t 1n a 1evel of process1ng by number of 1tems 1nteract1on
for both the error and react1on time data An outcome such as
this is based on the assumpt1on that the capac1t ‘for complefmm

{X;er analysis j

analys1s4may not d1ffer substant1a1]y from shal

y
when few st1mu11 are: processed In COntrast ‘when many items
_are processed deeper ana]ys1s wou]d ‘lead to poorer RT and

- error performance If ‘the stimulus mater1als ‘are presented
1ong enough -for some process1ng to ?§CUr but not so long as to

a]low complete pref?ESjng, then 1ncreas1ng the number of items

should have greater de]éterious effects for deeper analyses.

-

-To test these pred1ct1ons st1mu11 vary1ng in comp]ex1ty
- were presented fol]owed‘by a test st1mu1us Complexity was
"ﬁvar1ed w1th1n subJects by hav1ng the search set cons1st of 2,

4_ 4\or ‘6 consonants. SubJects had. to press a button as quickly .
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as they eould to indicate if the test stimulus matched one ot
the letters of the search set. The matches were based on  :
" either physical identity or name #dentity. This latter -
man1pu]at1on nresumably 1nvolved depth More time is
‘typically required for name matches to be made than for

physical

~matches (e.g., Posner, 1969: 1978).

‘)‘

?ﬁgw;resent exper iment d1ffers from that of Posner and
his associates in that several letters are presented
s1mu]taneously instead of a single letter. Thi% complexity,
or load, manipulation is pred1cted to have a greater effect on B
name,than on physical processing. Theoretically, deeper
analysis should occur at a stower pace and be more focused
than superficial processing. As more elements are processed,
differences between name and physical matches will become
larger. Hence, a load by processing interaction is

anticipated.

In th1s and the fol]oW1ng exper1ment two dependent
measures.W1ll be employed to examine the hypothes1s advanced
herein. .Most 1mportant of these is the reaction time (RT)

' 'measure.\ In reeent”years.it'has become’increasing]y
acceptable to infer differentiat cognitive processes on the.
basis of RT data. Wh11e it is necessary to acknow]edge the
many conceptual issues raised by the use of such measures (see
Paqhe]la, 1874, for a good discussion), they will be employed
because they have been found to be stable, reproducéabte‘ and
easy to obtain and use Furthermore, the present reseahch 1s

such that comparisons w1th other data exam1n1ng s1m11ar issues

N '
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is most cbnvenient]y done when a common dependent measure is
employed. In thig respecti it %s anticipated that
differential RTs will be obtained in thié study as inythe'
Posne;:and Mitchell (1967) study fbr name and physical
identity judgment. o
. /
The other dependent measure of interest is that of error

rate. Since it is unlikely that subjects will complete the
experiment without making an error, it is of considerable
interest to know just where these errors will be made. It may
be the case that errors are most frequent when decision load
is greatest. This,.of course, is consiétent with the present
theoretical deVe]opment. In the next section the methbd”féﬂbe
employed will be outlined in moré‘detai].“

Method

Subjects. Twelve undergraduate students from an
introductory psychology class served as subjects as an optfon
for ‘course credit. Half were male, all had normal or

corrected-to-normal vision, and all were‘night-handed.

' Apparatus and stimuli. A Hewletf—PacKard 98254 computer
and 1350A graphic translator were used to generate the
stimuli, and they were presented on a Hewlett-Packard 1304A

'mqnitor with a P15 fast-fade phosphorous sc(§§b. 5A fixatiogl |
cAoss appeared at all times on the screen except when subjects

were undergoing a trial. e

The stimuli were rahdomly geneﬁated and were drawn from a

pool of all capital and small letters of the alphabet.

/
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Strings of letters subtended hér%zonta} visual'angles of 1.72,
1.1, .54; ana .19 degrees for etihu]i of siX, four, two and
one 1et£ers, respectively. Vertical]y, the letters subtended
an angle of .28 degrees. All stfmu]i appeared as a green
fJuoreseent light en.a.black background. For eech stému]us
- set half the letters were in upper case, half were lower case ‘
and tﬁéy appeered i; random serial order on each trial. Table
1 gives ekamples of the six cldsses of items employed for the

- four-letter seareh set, and the approximate percentage of the

time each class of item occurred for each subjeéect.

Procedure. There-were~a total of 36 within-subject
conditions]in the experimenf‘formed frem the type of
instruction (name or physical), by the type of item‘(physicayf
riame, or di??ereﬁt). by case of target (capital or‘small)} by
the number of letters in the search set (2, 4 or 6)
combinations. =~ "Search set® refers to the group of 2, 4, or 6
letters that preceded the target letter. The term "item type"
oorresponde to the three possible search set-target |
relationships (physical,‘néme, and different). For example, a
physical -item of searcﬁ set sfze 2 weﬁld be-Ab for farget A,'a ,
name item would be Ab for target a, and a different item would
be Ab for terget D. Type of instruetion deéignétes'the
instructional set given Qitﬁin an experimental session. That
is, on ohe session each eubject'wés instructed to respond
"ves" if the target letter matched one of the se;}ch set
letters in name aﬁd éase (i.e., for'ﬁhysical instrUctien:v
".Ab/A)} and on another session'if'the‘tékéet letter matched a

search set item in name only (name instruction: Ab/a).

~
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Each subject was run for tw0*45 min sessions, one week
apart. .An entire session was devoted to e1ther the name or
phys;cal match instruction condition. A session commenced
w1th a block of 25 practice tr1a]s in which a search set of 3
Four letters was presented, and subqects-were requ1red to make
a physical or mame match, depending on the type of session:
that'wasrto fo]low‘ Subsequent to this, .two successive b]ocks
of 50 trials were presented with each of the three sizes of
.search sets. Hence, a tota] of 25 pract1ce and 300 X
exper1menta1 tr1a1s were presented in every sess1on The type
of match required on each session and the order of
presentat1on of search sets sizes was counterba]anced - The

 type of item and case of the target presented was randomly

determined within-each block. A

Subjects were instructed to initiate each trial by
pushing a button when they had the f1xat1on cross in clear
focus and when they were ready Immed1ate]y upon push1ng the
button, the search set was presented for 100 msec A 500 msec‘
 interstimulus 1nterval (ISI) then appeared ,and th1s was i}
vfo]lowed by a test st1mu1us which rema1ned on the screen for 1
sec. After the subJects had responded w1th a button press
1nd1cat1ng if the test 1etter was in the search set, the

fixation cross reappeared and another test tr1a1 was

1n1t1ated

Resu1ts

In the present sect1on emphasis will be on the react1on

time data. Error data will be reported only where 1t

4
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clarifies or modifies the interpretations offered. Although
there are good reasons for uéing error rates instead of
reaq&ioh times,'the usé of RT data is employed;because of the
sensﬁtivity Qf'the measure. ‘In this regard, nonsignificant“
xérd@r data will be {gnored. Where significant differences in
error data are in accord with the.RT data, they wiiJ be noted.
iA]though différences in the direction of RT and error data are

rare,, they will be presented as wé]l.

In this experiment all reaction times of over three
seconds weEe excluded from the analyses. This was done5
because they uSual]ylresulted from a_fai]gre té-press thg -
response. button og to initi?te:abnew tria1‘correct1y, and thus |
rebresent scores from a different response populat%onu
‘Whenever an RT was exc]géed from.thé data, the_corrésponding;
score ias also exc]udedgfﬁbm the error data,ana]yses. In -
practicg; the.excluéiohs had very 1itf1e effect on the data,
"mostly because;there were so feW\instances of unhsua]ly'long
reaction times (less than i% Sf all responses).' In addition,
for the reaction time data only correct fesponses,were

&

reported. Finally, unless otherwise noted, the data reported

are from a 3 (search set size) x 2 (type of instruction) x 3
(type of item) x 2 (case of target) ANOVA with reaction time

and error rate as dependent measures.

———

Quantitative Effects. Table 2 shows the reaction times

fér each search set size, each itém type, and éach“typé of
: ihstruction. Figufe 1 isba graphic presentation of the same

‘data, Where each of ‘the three panels corbesponds to an item-
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type. It is apparent that the effect of quantitative load,was
strong, F (2,22) = 53.54, MSe = .044, p < .01. Error rates
found on the last column of .Table 2 also reflect this effect
F (2,22) = 208.11, MSe = .011, p < .01, \The mean RTs for the
physical, name, and different jitems analyzed separately a11
differ for each search set size, for both RT and error data;
smallest F (2,22) = 31.30, p < .01. Hence, the main effect of
load was as predicted: Dec1s1ons take: Jonger to make as the
search set size increases.. While th1s outcome is not.undsual
and could certainly be predicted from other formu]ations\

(e g., Sternberg, 13969), it does indicate that the present
‘methodo]ogy is sensitive enough to detect these basic

-«

differences.

Qualitative Effects. On the basis of thespresent
theoretical approach, differences were predtoted between name
and physical instructions. In this respect, physical matches
were”anticipated to occur” faster than name matches_because of
the "deeper processing required to make the latter decision.
Similar findings have been frequently reported (e.g., Posner,
1969, %978) and were expected.to occur here, even though
milarger search set sizes wereiemployed tn the present context.
‘However, an examination of the mean reaction times for |
physical and.name instructions given on_ the last columnrof
Tab]e 3, 1nd1cates that the d1fferences are in the opposite
direction, F (1 11) = 4.85, MSe = .153, p < .05. Th1s outcome
is als® reflected in separate compar1sons between types of
1nstruct1ons for reaction times forrboth the phys1ca1 1tems. F
(1,11)'='6.25, M§e = .047, p < .05, and name items, E (1,11) =

| A
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9.69, MSe = .078, p < .01. There is no difference between
physicaa and name 1n§tructionsvon the different»items, E <
1.00. These data are respectfve]y plotted in Figure 1. The
error data (in brackets, Table 3) mirror these same effects,
PhysiC?l‘and name items differ in proportion of errors, F -
(1,11) = 48.37, MSe = .006, p < .01, and F (1,11) = 6.05, MSe
- .043, p < .05, respectively, but’differeht'items do not, F
(1,11) = 3.18, MSe = .016. It should be noted that for
physical jtems the most errors are made during bhysical

instructions, while for name items more errors are made under

name instructions.

faken téSether, the theoretical orientation as earlier
pre§entéd cannot: account for all the qualitative proéessing
effects, particularly with the .type of insthUcE?on variable.
Later in the thesis an accommodation of these data will be

attempted.

It is inStEuctive to note that the differences between
types of items are hngJy.reliable, F (2,22) = 34.35, M§e =
!028, p < .01. The means for fhis comparison can be found in
the last row_of Tab]e‘3. These data seem to corréspond
closely with the orientation elaborated earlier. Correct_
matching decisions must ocbur mbre quickly when physical
idéntity’is apparent, since deeper aha]ysis is not required
for a correct match. For.this reason, in separate analysis of
eaéh éqpbination of‘item types,- physiéa] items are pfocessed
- more qdiékly than either name or different items;, F (1,11) =

43.08, MSe = .017, p < .01, and F (1,11) = 8.76, MSe = .048§%p
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< .05. In addition, a neg]igibfe difference between name and
different items is expected since both items must have
relatively deep processing to arrive at a correct decision for
name instructions, and at a shallow level for physical (
instructions. This occurs, F (1,11) = 2.44, MSe = .019, but
there is a trend ¥or physical decisions to take ‘longer to make
(M = 976 msec) than name decisions (M = 897 msec) for name and
different items combined, F (1,11) = 3:98, MSe = .113, p < -
.10.

Other reservations must be noted'here,‘however, since the
error data (in brackets on Table 3) differ substantially from
the reaction time dé}a. While there was an effect of item
type (found in the last row of the error data), F (2,22) =
3.99, MSe = .049, p < .05, there was'né ~reliable difference
between physical and name, or physica] and different items, F
< 1.00, and"E (1,11) = 3.12, MSe = .079, respectively. A
difference between name and different items, F (1,11) % 20.21,
MSe =4r016, p < .01 was noted. There is no obvious
interpretétidn of these data, excépt to suggest that different
items aré percepthal]y "easigr“ than either name or physical
items; a]thouéh they are processed at a different depth (as
indicated by‘thé reaction times). Contrary to the present

orientation, it cannot be concluded that in all instances

perceptual difficdltyiis isomorphic with depth of processing.

Yes-No Decisidns. In the present’experiment, sub jects
were required to respond either "yés"'or "no" equally often to

the presented fargets. ‘Manual reaction times have usually

A
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been found to be faster for positive than negative decis{ons
(e.g., Graik & Tulving, 1975), and a strong effect was noted
in the pqgsent study. Mean positive reaction time is 866 msec
and the mean negative reaction time 946 msec, F (1,11) =
12.96, MSe = .018, p < .01. Error rates differ significantly,
FE (1,11) = 5.16, MSe = .036, p < .05, but they go iﬁ a
different direction from theireaction f%ne data (M = .203 for
"yes" responses and M = .131 for "no" responses). It appears

that "yes" responses are made faster but less accurately than

"no" responses.

Effect of Case. There was a’ strong tendency for capital

targets (M = 890 msec) to be matched faster than small targets
(W = 923 msec), E (1,11) = 23.44, MSe = .005, p < .01. In
addition} theie_were fewer errors made matching capité]
targets (M = .149) than small targets (M = .176), F (1,11) =
6.54, MSe = .012, p < .05. This is a theoretically

uninteresting effect: Certainly some stimulus cohf?@urations'

will be more d{fficult to analyse than others.

Processing X Load Interactions. The princip1e eviden¢e

for focused processing was expected to be found in the
instruction x'load}interactioaé. Lower-order processing is
assumed‘to be’mﬁch less affected by variations in load.than
more complex prbcesses. Support for this proposition is
lacking in the reaction time and errér data in the present .
study, F (2,22) = 1.45, MSe = .030, and F (2,22) = 2.37, MSe =
.006, respectively. S —
There was, howgyer, a reliable instrué%ion X item type

- .

.
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interaction in both the reaction time and.error data, E (2,22)
= 11.52, MSe = .014, 5<< .01 and £ (2, 22) = 12.34, MSe = .023,
p < .01, respectively. The means for these effects can be
~found in Table 3. A graphical presentation'of the reaction
time-data iS’given in Figure 1. For both types of
instructions, physical items are processed most quickly. Name
1tems-req&€5e the most time under physical instructions,
although hot under name instructions. This latter finding is
important because it indicates fhat name identity on
physically different items leads to the establishment of
1uterfering bedes. If so, name representations must be
activaled in this expe}imentel context before physical codes
are establi%hed. ~

/
-~

Diher 1nteract1ons suggest that the item type may be en
1mportant variable in mak1ng gpent1ty Judgments A number of
items.x item type as well as a instruction x number of items x
item type interaction materﬂalize, E (4,44) = 6.57, MSe =
.008, p»<'101, and F (4,44) = 5.52, MSe = .007, p < .01,
respectively. Only the latter ihteraction is reliable -in the
error data, F <#1.0b. and F (4,44) = 2.91, MSe = .010, p <
.05, | |

Interpretation of these in;eractionsfhust be done with -
caution, however. The type of'item variable in the uresent
design is crossed with the type of decision variable for na
"items. That is, for physicalbinstructions, name items are
“uo" responses, but for name instructions they are "yes”

items. Hence, an interaction between .item type and number of
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items may be misleading. For reaction timeg, separate
analyses yield a significant item type x numbeb ipteraction
for physical, F (4}44f = 8.67, MSe = .009, p < .01, but not
name, F (4,44) = 1.78, MSe = .006, instructions. This appears
to békdpe to the effect of the name itemgvin*each instruction
conditi%n. With physical instructions thé presence of an
interfering name “code resu]tsAin item diffeéences that cannot

occur in the latter paradigm.

A more appropriate test of focusing may be to disregard
name 1items entirely and look at the physical and different |
- items only. In this way, the "yeé/no" deéisjon Wi]] be
.e1iminéted as a confound because physical items are dlways
"yes" responses and différent items are always "no" responses
for both physicalland name instructions.. For reaqtibn tiqgs
the type of instruction x number éf items interaction js not
significant, E < 1.00, but the item ty X number of items
interaction is strongly so; F (2,;27/jp: 43, MSe = .010, p <

-

" w01, From the reaction time means 1n Table 2, and the

comb1ned mean slopes of physical and name 1nstruct1on of the
physical (50 msec) and different (85 msec) pane]s of Figure 1,
it appears that w1th 1ncrements in load d1fferent items
become increasingly more d1ff1cu1t to process re]at1ve to
physical Jtems. The error data is similar for the instruction
X . number interaétion, F < 1.00, but the item type x number
intéractidn does not occur, F (2,22) = 1,08, MSe = .024. Ffor
the combined physical and different;itehs, the instruction
type x item'typg x-ﬁumber 6f,items ihteractioh ishpresent for

reactjon time, F (2,22) = 9.19, Mse = .007, p < .01, but



exists only as a trend in the error data, F (2,22) = 3.40, MSe
- .008, p < .10. ‘ '

It ts also’instructive to examine the_instruction'*‘item

type interaction for only the physical and different jtems.

It was shown earlier that over all items the interactton was
's1gn1f1cant but this could have been due to the effect of the
" name items alone However, the effect is strong w1thout the
name items for both the react1on time, F (1,11Y = 24 07, MSe =
,004, p < .01, and error data, E (1,11) % 24 .67, MSe = .011, p
< .01, From the means g1ven in Tab]e 3, it appears that the
relative1y fast react1on times to name 1nstruction, physica]
1tems accounts for .this interaction.. For the error data, the
direction of change ‘is d1fferent in that the ‘name instruction
error rates are stable over both types of"1tems but phys1ca1
instruction error rates are much hlgher for phys1ca1

instruction, phys1ca]-1tems.\ Why th1svoccurs is not clear.

Fina]ly, it'can be seentfroh the first panel of .Figure 1
that anfappearance of focusihg occurs for phystcal items as
load increases (but not re]iab]y{ F (2,22) = 2.12, MSe =
.015). However, for differegt items the effect“disappears
-altogether, F < 1.00.

vTogether,ﬁpresent reeults.support'the focusing
hypothesis, butionly for the differential effect of.items, and
not for type of'instructions, As processing becomes more"v
difticu]t (number of items increase), the reaction times
increase more for physical than for different items. The

error data_admittedly do not mirror the same effects, but this



108

may be due to the lack of sens1t1v1ty of that dependent
measure

Discussion

Experiment 1 was an attempt to monitor the course of
‘“stimulus_processing that occurs when information must'be
:abstracted from gtimuli that are no longer available for
d1rect processing./ Earlier it was proposed that the rules
'govern1ng this s ection depend upon qualitative and
quantitative stiiuTuéjprocessing, rather than a "filter" that
eliminates or minimizes the processing of unnécessary
efinformation Since the des1gn of this exper1ment prec]uded
the establ1shment of a filter (because subjects are given the

targetkafter a filter can be operative), it follows that

filtering alone cannot account for the observed attentional

phenomena .

How well, then does a differential process1ng
orientation account for the obtained data” Clearly, number
.and type of items have a. strong effect on match1ng reaction.
times. As the number of items that must be processed
increases, error rates and react1on)t1mes 1ncrease As we]]
the type of items processed is important in RT measures.
Items where the target was physically identical to one of the

search set components are processed more quickly than those

matching in name only, or those that do not 'match at all.

These results are general]y consistent with a process
notion of attention. Activation of units compos1ng the mental

representat1on of the nominal stimulus becomes more d1ff1cu1t
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as is evident from a s}bwing of reaction times and an increase
in error rates as search set size increases. There is a |
substantial difficu]ty'W1th two re1éted aspects of the theory,
however. The first is.with:the failure of physical matches to
be‘made more quickly than namé matches fqr the instruction
variable. ‘Possjb1y as a,résu]t of thfé} thére<was/also a
failure to note evidence of foéuéed processing as the /
qua]itatfve pééceséing demands .change, except possibly for the_

:physical items.

/ Inslight of previous:reséarch, the appareﬁt contradiction
" of physical instruction latencies excéeding those of rame
instruction is the more éritica] problem. It is important to
note, however,.substantfal methodological differences in the
present experiment may’underlié this effect. Studfes by
Posner and his aséociates (Posner & Mitchell, 1967: Posner,
1969) tybically present two letters side by side for name and
. bhysiCal matcﬁes. It is unclear why ﬁhe present study
~'obta5ned dif?erenf‘dafé wfth a2, 4, or 6 letter search set
and élsingle.farget letter. One reason may be ‘that the tasks
‘entail radically different task demands. In the formerf there
is no memory séaréh compbnent; the matching process can begin
immediately upon stimulus presenfation. This cannot occur in
the present studyAbeéause phocessing'of the éearch set must
occur before it leaves the screen and the matching process

begins.

Y

The obtained data aEe understandabTe if it is assumed

that prbcessing.first'invb]ves some’e]ementary‘physical'

v
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analysis, then the estab]iéhmentrof a deeper name code, and
fdna]]y%a very detailed ana]ysis of the physical information.
. Because the item leaves tHe>screen SO quiﬁkly, some form of
"tag" must be appended to the ﬁame'representation of the item
ih order to makKe a later physical match. Implicit in this
notion is the assumption that information about the physical
aspects of the representation.can exist after namé codes are
éstab]ished. Such information could be either embodied in an
actual physical encoding or in a higher-order "name"

5

representation of the phys{cal features (for example,
"Capital" A). The name information by itself would al1éw the
subject to generate or reconstruct a”nUMbér'of the physical
features presented. Along with a tag of some‘typéwcontaining
case information, this would permit ah elaborated physical
comparison to be made. This is sqpportég;by the present data.
First, it is clear that name instructgongxJead.tobfaéter
}eaction times than physical instrucfioné, indicating that
name codes are abstracted first, and that the physical
informatidﬁ is still available.(or else the match cou]d‘not be
made) . ~Secpnd1y, physical instruéfidnj Hame.items take the
longest time to match. This sUggests interference from a
positiye matéhing dgcisfon based on a prévious]y‘established
dame-code fhat doeé not coincide with tHévnegativé decision

made on the basis of later processing.

Other explanations of the daia of the present experiment

are also plausible. For instance, one could assume that :
. , o _

o

physical instructions Tead to longer reaction times because of

the greater information load. impressed upon the subject in the
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present eXperiﬁehtal congext.l If more features must be stored
in a "name"” form to makKe a correct match for a physical
instruction than a name instruction, it would be expected thét
the’fofmer instructions would act like a qdantitétive load
variable, and thus lead to increased response Iatencieg. This
is possible because.the present task always removes physical
information. In Posnér’s succeséive match bargdigﬁ, only tHe
name instruction réquires the activation of information that
is not present. Note that :this intefpgetation cén accommodate
the interference effect for physical instructions, name items
duite we]T. Because name information could be accessed
»relative]y quickly compared to physical information, a
previously established name code would interfere with later

activated "physical" codes.

Whether these two interpretations can be distinguishéd is

a debateable point. The present data do not allow an
vunequivocaf choice between them. Clearly the argument that
physical judgments are made on later-established and purely
'physica1 codes assumes qualitatively different processing
under each instruction level. In cohtfast, it could a]sp be -
argued that quaﬁtitative effects distinguish between

instruction levels, so that physical matches involve a name
code for the letter as well as a name label for the case of
the letter. Tﬁus,,more, rather than different, processing

would be invoked in this latter interpretation.

The assumption that detailed physical matches based on

purely physical codes can occur after name processing runs
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counter te accounts of stimulus processing of fered by Posner
(1969) . He argues that name coding is independent of, andl‘
initiated during, physjcal~analysis, but completed sometime
after the physical code is established. A study_conductedyby
POsﬁeQ7and Mitchell (1967) supports this claim. In that

experiment, physical identity judgments for name identical

items (e.g., Aa and Bb) were made as quickly as for different

items (e.g., Ad ‘and@c). Since there was no difference

between these item classes, Posner and Mitchell suggested that
there is no name code established to interfere wifh‘physical

processing.

Another contradictory empirical result noted in the

~present experiment concerns the response times to differént

items under each level of inéiruction. Posner and Mitchell
found physicatl instrdctions leéé to faster decisions on these
items than name instructions, while the differences in the
phesenf experimenf wécé notrreliable,(ééé column 3 of Tab]i.B
and panel 3 of Figure.1}. This finding, along with the )
tendency of physical instruction reéction times to exceed
those of name ihstructions and the presenée of a strong
interference effect on physical instruction name identical

items, seems to be due to the»réiative size of the search set

in each experiment. Support for the former effect can be

found by comparing reaction times for the different items

under each search set size. When only two items constitute
the search set, physical matches are made, on the average, 43

msec faster than name matches. " For four items the advantage

of name matches is -2 msec, wh}%é/for six items the name °
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advantage increases to 86 msec. Clearly, the established
effect is approached with smaill set sizes and disappears with

larger set sizes.

. One last issue remains to be addressed in this
experiment. Focusﬁng does not appear to be strongiy_supported
ohgihe basis of the data presented. From Figure 1 it is- ‘
apparent thaf-focusihg seemsAto only have some “validity for
physical 1tems, a]though the effect was nat re11ab1e Perhaps
the most 1mportant reason for this concerns the apparent lack %
of "automatic" process1ng ant1crpated to occur at the physical
level. ~As noted in the introduction, several researchers have
argued tha; pheattentive drdceseing invo]vesumjnimal.effOrt)

" occurs with no disruption dfvbther ongoing hental activity,
and taKes p]ace QUicR1y On the basis of reaction times, it
is clear that the Iatter criterion has not mater1a]1zed in the
present experiment. Focus1ng, as envisioned.in- the
theoretical section, cannot be adequately addressed since
experimental contro] of the var1ab1es assumed to der11e the
effect did not occur . ‘

- . F
In considering the task demands of the exper1ment it may -

have been naive to expect subjects to attenuate process1ng
after. a cursory physjcal analysis of thezst1mu1us. For one
fhihg, they were specificaT1y required to make correct . )
decisions on a physical basisb This may have resulted in an
"over;analysis“ oflfhe dhysical features'of the stimulUs.
espec1a11y since they were instructed that they shou]d adjust

)
the1r reaction time g0 that max1mum accuracy was ach1eved
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nThe"work of Posner and his associates .may not have shown this
effect because of the retative]y sma]] sige of their search
sets (1 lettertr \If extedsive elaborative physical processing
can occur only after-name codes, are estab1tshed, then longer
physical instruction reaction t1hes_should‘be.observed. ‘This
last suggestion is well subported by the reaction times’ to
types of items. For phys?ba instructions, name items take
longest because the prev1ously estab11shed dee+s1ons based on
the 1nterfer1ng name codes must be 1gnored wh1je elaborated
physical codes are derived. .Name-instructed, name items can
- be .analysed much faster because only the name codes need to be
established for a dec1s1on to be reached These items take
longer to match than name 1nstructed phys1cal 1tems because
the pre11m1nary physical code established in these latter

jtems is compatible with, and fac1]1tates, the decision based

on name codes.

A second problem that could have ‘contributed to the
failure to find a focusing effect (if it in'fact exists)
)-tnvo]vesxthe.order}of sttmulus.presentation. Since the search
set was presented for such a short-pertod'of time, and . f
"preceded the target, it may have been}very difficult to »
ma1nta1n an una]tered phys1ca1 code Krotl (1975) has shown
that phys1ca1 1nformat1on can exist for per1ods of time ‘.

ubstantlally longer than that used in-the present experiment -
if no 1nterven1ng 1nformat1on 1s processed S1nce th1s was
not the case (because the target occurs after the search set
: End may mask 1t) it may be that the actua] paradlgm used d1d

not lend 1tse1f methodolog1ca11y to resolv1ng the 1ssue



115

. : R N
Focusing may be more probable when a target precedes the
search set. In that context, physical codes of the search set
shouid ﬁot be replaced by any other information if the

processing of thg set is attenuated at that point.
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EXPERIMENT 2

Experihent 1 was concerned with selection that occurs
without active search of the initial stimulus because the
.target is presented later. The brief presentation time was
expected to lead to differential stjmulus processing with a
resulting decrease in the speed and accuracy of patehing to a
later probe stimulus, depending on the matching criterion
required for‘the»task. In a. sense, this task was of
spontaneou3‘se1ection; While the obtained results are
compatible with the present theory, they do not address the
issue of.sejection of perticular targets from a stimulus array
while the,array is physically present. To do this, selective
attention paradigms must be employed. Although they have
appeared in the literature in several forms (as noted'in'the
ear]ierldiscussien)q th; collective deta has been incorporated
into several distinct fheoretica1 formulations. However, it
is-nof clear thaf fheseitheories can sat{sfaetorily account
for both spontaneous selection and selective attention. For
example, proponents of %flter.theory (Broadbent; 1958,
Treisman, 1960) have argued that selection of relevaht
attr1butes occurs by blocking or attenuat1ng process1ng of the
irrelevant items. Although this work was addressed A
lspecificaily to the-dichoticylisteningvparadigm;‘it does not
seem inappropriate to Apply it to selection baradigms'inf
general ‘ In filter theor1es the—phys1ca1 and semantic
attributes of-the se]ecied‘channel are’ always be1ng mothored
aga1nst some cr1terion - Given the results of the f1rst

experiment, these theonles are faced with- the problem of
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explaining just how differential selection can occur when
there is no initial target to establish the selection
criterion. It appears that_selection\is not bound to one

level, and proceeds throughout the cognitive domain.

From the present perspective, active search>aqd
Spontaneous'selection should be highly ‘related. Selection is
the activation of units comprising the stimulus |
representation. Whether or not this activation occurs
édrreptitiously or in response to search demands, the same
mechanism is assdmed to deterﬁine attentiohal focusingt As a
consequencelof this, it’is predicted that the same va;zables

that affect spontaneous selection will influence search tasks.

| The design to be used to test this hypothesis closely
resembles that of Experiment 1, except for one important
difference. In this study the targets precede the _
presentation of the stimulus set, so that the search is of a
physically present stimulus array. As in Exper1ment 1, it was
possib]e"ﬁo demand physicaT as well as name judgments, and‘tp
vary load by inereasing the number of letters in tHe second

_ stimulus.’ _The probe stimulus in this experiment always |
appeared for 1000 msec, followed by'500\msec ISI, and then a
2, 4 or 6 lettered array wh1ch rema1ned in v1ew for 100 msec.
Due to a programming error, the targets in th1s exper1ment |
were only one-half the size of those in the first study. It
will be argued later that this difference is not critical, and

" does not 1imit the generalizability of any conclusions drawn

from comparisons between the two experiments. In all other



respects the second experiment was like the first.

Because.the target precedes the search set in-this ‘
experiment, subjects can terminate.processﬁng of the stimulus
set before an exhausti&e enalysis is completed on some items.
Hence, the paradigm employed iis more of a "selection" -
methodology than that used in the first experiment. However,
for the reasons discuséed‘eerlier, there should be no major
difference in the pattern of results between the.two
experiments. Although subjegts can "look for" some target and
match it against a preestablished criterion, differential
qualitative andoqpantitative processing.effects were expected

to be obtained.

There are expected to be some,important‘differencesn
between the experiments. For example, if physical matches are
' baeed on preattentive mechanisms in the present study; not
only should physical instfuctions_yield fasfer reaction times
than name instructions; but fccesing should occur ae well.
However, considering the data of the f1rst exper1ment it
appears that phys1ca1 1nstruct1ons do not lead to faster
~reaction t1mes than name instructions when the search set is
removed from.the screen. Because the search set ih this study .
was on for only 100 msec, it did not appear for most of the
subject’s reaction time. This was expected'to result in name
‘instruetion'seperiority in this experiment, as in the f1rst
" However, this effect should be reduced because the search set
 was temporally closer to the_t1me of decision compared with

the first experiment._ Hence, the very rudimentary physfcaT
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1nformat1on is probably more intact in the present study. In
add1t1on the target appeared after the search set in

_» Experiment 1 and this may cause eome hasking of the physical
,information in that paradigm. It° was also ant1c1pated that
everall reaction t1mes in the present study wou]d be faster
than in Exper1ment'1 because a criterion is established (i.e.,
a target is presented) befohe the search set appears, rather
than after it leaves. |

Results

Quantitative Effects. Search set size had a‘streng

effect on reaction times, F (2,22) = 12.48, MSe = .069, p <
.01. The means for this cempar1son are found in the third,
column of Table 4. In add1t10n the error data of the sixth
column reflect the same effect , E,(2,22) = 10.28, MSe = .007,
p < .01. For each individual item type, seareh set size had a
strong effect’as Well' smallest F (2,22) = 7, 85 p < .01. The
only exceptIOn to this occurs in the error data for the name
items, F (2,22) = 2. 39, MSe = .013. Even»here the mean
proportion wrong for 2, 4 and 6 items was .088, .115, and .
.139, respectively, which is clearly in the predicted ’
direction. Together, these data support‘the‘argumente made
earlier: Stimulus procesSing'is etrongly'effected by‘the
number of items analyzed, as detehmined.by reacfion'timeAand

error rates.

Qualitative Effects. It was anticipated that both

1nstruct1ons and 1tem types wou ld have a pronounced effect in

reaction. t1mes and -error rates for the theoretlcal reasons

S
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discussed earlier. With regard to the type of instruction
variable, the previous experiment feund that physical
processing‘took longer to aééomblish than name processing. As
is apparent from the means in the last column of Table 5, the
same trend was found in Experiment 2, F (1,11) = 4.66, MSe =
.196, p < .10. Analysis of type of instruction-within each
individual item type reveals the source of this difference is.
between the name items in each level of instruction, F (1,11)
= 12.06, MSe = .102, p < .01, and not with the physical, F
(1,11) = 2.85, MSe = .077, or different, F < 1.00 items. None
of the above analyses are 51gn1f1cant in the error data,

1argest E (1,11) = 2.28.

It should be noted that in determining the relative
effects of phys1ca1 and name 1nstruct1ons, only comparable
dec1s1ons should be contrasted. That is, the on]y relevant
compar1sons that should be made are between physical and
'd1fferent items wh1ch are "yes" and "no" items, respeetjvely,
for both name and physical instructions. The strong effect
noted between types of instructions on the name items- may be
due to either type of 1nstruct1on (phys1ca] or name) or the
type of decision required ("no" for physical and "yes" for
~ name instructiens). Ana]yses of within subjeetymeans for

yes" or "no" decision reaction times for physieal (yes) and
different (no) items yields no significant effect of

instruction for the reaction time, F (1,11) = 2.49, MSe =

.063, or error data, FE < 1.00. Thus, there is no strong
support for the conjeCture that differential processing of

physicaifand name items can be‘manipulated'by the type of

~

vJ



121

instruction required by subjects. Indeed, whatever suSport
there is seems to be consistent with the data of the first
experiment and contrary to the findings of other_researchers,

most noteably Posner (1969).

v

Another means of manipulating qualitative processingvjn
the present study was by presentingldifferent item types,
dwhere evidence of d{fferential processing may be inferred by
compar1ng reaction times and error rates collapsed across type
of 1nstruct1on There was a large d1fference between item .
types for the RT and error data, F (2,22) :>18.06, MSe = .021,
and F (2,22) = 18.24, MSe = .016, réspectively. In terms of
indivldual comparisons, each item type reliably differed from
the others, smallest F (1,11) = 8.69, p < .05, for both the
error and reaction time data. These data can be found in
lable 5. Summed across instruction type, name items take
"~ longest to process and this occurs W1th the most errors.
Phys1cal items can be processed more qu1ckly Ihan d1fferent
»1tems, although w1th';ore errors. Hence, across_ instruction
type decisions about phys1cally identical 1tems are arrived
at more qu1ckly than those of either name identical or
different 1tems » Agaln it must be remembered that the typé\¥
of decision - (yes/no) may underlie the physical item
super1or1ty. although it cannot account for the fact that name
items take longer to process than different 1tems In

add1t1on, it is clear that support for the assumption that

physical 1nstruct1ons lead to faster reaction t1mes than name

instructions f1nds little support 1n these data.
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Type of Decision. Consistent with the data found by
" other researbhers, there is a strong tendency for Jyes"
responses (M = 805 msec) to occur faster than "no" responses
(M-= 874 msec), F (1,11) = 15.79, MSe = .011, p < .01.
However, there was a trend for “no" respbnses to be made more
accuréfely (M = 1049) thén "yes" résponses (M = .071), E
(1,11) = 3.49, MSe = .005, p < .10. |

Effeét of Case. A trend for‘capital letters (M = 831
msec) to be responded to more quickly thah small letters (M =
853 msec) was observed, F (1,11) = 4.64, MSe = .011, p < .10."
There was'no djfferenbe between error rates, (M_capita] =
063, M small = .067), E < 1.00. Together these data are

consistent with the interprétation that different stimulus

classes are not equally well discriminated and are thus

responded to differentially.

- Processing x Load Interaction. Focusing was defined as

the tendency for complex pﬁbcessih%\go diminish in speed
and/or accuracy relative to simple? analyses, as the size of.
the search.set increases. Because of this, it was expected
that physica] instructions would be much less affected by «
search.set size, than name instruétions. Physical and -name
item types wou]g\a]so be expected to show the same'effecté.
Statistically, thése predictions wouid be qoﬁfirmed by
instruétion x number and item type x nuhber interactions.
HoWeveE, {n the'preéent experiment neither interaction was
reliable for the feactién'time data, a]fhough theré was a

~ trend for the instruction x number interaction, E (2,22):5
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2.68, MSe = .011, p < .10. The F for the item type x number
interaction was less than 1.00.. Error data analyses indicatedb
a strong effect for the instruction X number of items
interaction, F (2,22) = 13.70, MSe = .005, p < .01, but not

for the items x number interaction, F (2,22) 1.62, MSe =

.006. As can be seen from the error data from the fiftﬁ
column of Table 4, the significant.interaction seems to be due
to incqeasingverrors with load in the name instruct{on |
condition. Lt is also apparent that reaction times increase
more rapidly.for name instructiens.than phys{cal instructions,
although this was not a reliable effect. In addition, there
was a strong instruction x ifem type x number of items
interaction in the error. data, E (4, 44) = 3.85, MSe = .006, p.
< .01, but not in the reaction time data, F (4,44) = 1.43, MSe
= .008. o

A1l these interactions must be interpreted with caution
because of d1fferent yes/no responses to name items under each
1nstruct1on cond1t1on Examination of the instruction x
number of items 1nteract1on for the physical and d1fferent
items only, reveals a trend for focused processing in the
react1on time data (see_F1gure 2), E (2,22) = 2.74, MSe -
.068, p < .10, and a reliable effect in the‘errér,data,'ﬁ
(2,22) = 3.87, MSe = .002, p < .05. The means of the first
interaction fer search set sizes of 2, 4 and 6 letters (779,
834, 902 msec for physical instructions; 702, 792, Bé4 msec
for name instructions) suggests a rapidly diminish{ng
aanetagefof name processing as the.size of the search_set~

increases. Error means indicateé a similar effect (.039, .025,
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.057 for physical instructions; .022, .026, .075 for name

instructions).

The item type x number of items interaction was not
reliable in an analysis of the reaction time data, F (2,22) =
f;42, MSe = .005, buf was reliable in the error analysis, F
(2,22) = 4.88, MSe = .002, p < .05. However, this latter
interaction is due to a large error rate in the analysis of
physical items for a set size of six'(physical items .039,
.038, .094; different items .022, .013, ;038),Fand cannot be
taken to support the Focusing hypothesis because it is the
simpler physicél analysis that deteriorates most as load
increases?‘ From Figure 2, there is evidence of focusing for
physical items alone, F (2,22) = 3.57, MSe = .003, p < .05,
indicating that the physical instruction is associated with
more complex processing than name instructions, but fhg effect

diminishes with increasing load.

- A strong instructién x item type interaction was present
for reéction times, F (2,22) = 10.58, MSe = .025, p < .01, but
not for the error data, F < 1.00, when all three item types
were examined together. Excluding the name {tems eliminates
the effect for reaction time, F (1,11) = 3.08, MSe =,.6éj,
while the error interaction bemains'nonSignificant, E ({,11) =
1.12, MSe = .005. From theAmeans in the second column of
Table 5.:if appears that thé significant interaction is due to
the widexéifference in name item reaction times over each type
uof'instrucfion.' Because type of decision is}pérfectiy

;corrélateg-with instruction type for name items, it méy
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-account for the significant instruction x item type
interaction when all items are included. For this reason, the
effect is of little theoretical interest.

Discussion

Experiment 2 was concerned with how subJects come to
abstract a predeterm1ned stimulus from a search set that was
presented later. It has been shown that certain qualitative
and quantitative effects occur in a manmer that follows
directly from the theoretical development advanced ear]ier.
Increases in quantitative demands of processing have been
shown to greatly effect error rate and reaction time. In
addition, there was evidence to suggest that different types
of items are processed differently. As might be expected,
phys1ca11y identical items are processed most quickly, while
name identical items take\ﬁongest to analyze.  This f1nd1ng
suggests that, to a degree, process repertoires are.sfimulus

determined.

To argue that.stimﬁlus type deﬁermihes the Kind of
processing thatloccuﬁs may seem 1ogica11y impoverished in that
it would require the identification of a stimulus befere it
became analyzed. If, however, it js assumed that the initial
pattern of activated units determiﬁes what patterns become\

‘activated later, the assumpt1on appea:s more plausible. In
the present exper1ment it is clear that the type and number
~of items has a "strong effect‘on stimulus processing, while the

type ef instruction has e'marginal effect and goes in a

n

direction opposite to what other researchersbhaVe found. Even °
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théhgh the subject has no prior Knowledge about what item type
is to be presented before it appears, stimulus struchre seems
to be a more critical variable than. subjects’ intentions in

this experimental context.

Reasons for the failure tchfeplicate the Posner (1969)
findings‘were,discussed in Experiment 1 and they are
applicable to the presenf exper iment as well. Either tne H
variable search set sizes, or their temporal re]ationship to
the target are possible me thodological changes?that underlie
the observed differences. Since’ many 1tems must be matched
it is possible that automatic processes cannot be engaged
‘readily. " In fact, the present experlment resemb]es the work
“of Sh1ffr1n and Schneider (1977) and Schneider and Shiffrin
(1977) in that their evidence for automatic analysis. came from
overlearned constant memory sets. The physicaT match
cond1t1on employed randomly generated search sets that are
similar to their varied match cond1t10n where no automatic
process1ng was found. In addition, the two theoretical
mechanisms suggested in the first study, are p]ausible in this
experiment also. To reiterate, 'one'interpretation is that
detailed physical analysis comes after name process1ng has
estab11shed an act1vated name code. This, along with sensory
information about the physical features of fhe Ietter, forms
the basis of a later e]aborated physical match. Alternately,
it could also be argued that‘the physicaliTnformation”imposes
a greater load upon‘memory "than name information because e
‘phys1ca1 Judgments requ1re a case label as well as a letter
name label. This leads to s]ower reaction times in the

“‘\i

4
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physical instruction condition.

Failure to obtain control of automatic proce551ng
strong]y lTimits, examination of the focusing hypotheSis
advanced eariier Despite this, there is some suggestion that
“with 1ncrea51ng load, name matches become more difficult than -
physicai matches. What 1imits this interpretation is the lack
of strong evidence og differentia] proce551ng across' levels of
instruction.’ Moreover it is the 1nitia11y ‘sjower” phySical
matches that, remain stabie across the levels of load, while
the initially "fast name matches deteriorate markedly. Given
the empirically established differences in instructions, it
Shoold be the former .matches that'show the greatest decrement
with increasing 1oad¢ because those items are the most

difficult to process. ' e

o’
v
S

A second ma jor reservation that must be acknowiedged
about the'fOCUSind hypot%esis concerns the lack ot focusing
- when item types are considered ‘Aithough it was previous]y
argued that different item types initiate different process
repertoires, focu51ng with 1ncrea51ng load does not occur,
except for the phy51ca1 items. Moreover, elimination of the

name items does not change the effect.’

The dataighowever'inadeqUate to evaidate focdsing, have
certain features that fit with the generalftheoreticai
orientation advanced earlier. Inlthis regard itéis
instructive to note that item effects summedfacross
instruction type strongly support the notion that stimuli are

" processed to the depth necessary to execute the demands of the
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task. Hence, physical items are matched much faster than
either name or dtfferent'items. In both ‘the physical and name
instruction conditions prqcessing can stop once the'subject
determines that the target and one tetter in the seahch set

match physicat]y., However, name items must be analyzed more

deeply for a cohrect match to be made. It is interesting to

note that across‘instructfon type different items are in

between these two extremes, even though under each instruction

acondition'differentbcomparisons must be made. It seems to

taKe'as Idng tovmatch the diffebent ttems aga%nst a”physical
as against a name cbitetion For the physical and name 1tems,
this effect reverses so ‘that. name 1nstruct1ons take much less
t1me to comp]ete than physical 1nstruct1ons This suggests

that name proces51ng occurs before deta11ed phys1cal analysis

“takes.place. However, some very early phys1ca] process1ng

~a.

must also occur before this in order for the name code to

. beccmevactivated. If the time 1imitations of the experiment

(

ahe considefed cit s plaus1b1e that the presentation of,the
search set for SO short a t1me 1nﬂt1ates a very quick analysis
to maintain as much phys1ca1 information as possible. 0One |
1nterpretat1on of the reaction t1me data is that name
““processing occurs next, and it is fo]lowed by a deta1led

phySical analysis. Excepttonsrtolth1s are apparent from Table

: 5,»bat’can be qualified¥Wfth fewiassumptions. Considering

name?instructions,'it is”cwear that physically identical items
‘are matched faster than name 1dent1ca1 items, even though the
same dec1s1on must be reached in each case. Thrs could be due‘
to physf§31 pr1m1ng_by the~target of the physically identical. .

PR

-
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letter in the search set. Physical priming cannot occur with
name items in this condition becaUSe of the structural
differences between the targets and the search set. For
physical instructions, the longer reaction time for name
compared to physical items would be related to this effect.

But for the latter items, a conflicting p051t1ve name decision
would also have to be inhibited before the final detailed
ﬁnegative physical analysis is communicated. Near identity of
reaction times between the different items in each instruction
condition suggests that these items are- processed to the same
level. That is, the initial physical analysis does not 1ead
to faster proceSSing by priming (since there is no structural
similarity) and later name processing indicates there is no
name similarity either. Hence, for both types of

instructions, further processing can be attenuated

Fina]ly, it is important to consider thééeffect of probe.
letter size on the outcome of the present experiment . There
"is ample reason to believe that there would be 11tt1e change
in the data if the search set and probes were identical in
size. First, the error rate in this'study is substantially
lower than that of Experiment 1. Methodologically, there are

only two plau51ble reasons for this. One is related to the

ordering of the probes and search sets in. the studies, and the

other to the respective 51ze of the probe letters. Since
fewer errors were made in Experiment 2, where probe letter
size was smal]est 1t seemst¢hat probe search set ordering
accounts for most of the differences between the studies
- Unless this assumption is made, it would have to be_argued

-
§ 0
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that:perceptual dlfftculty is'negatlvely correlated with
‘performance 1n the—present parad1gms In add1t1on 1t is
clear that 1n the present study probe processing is not a
Timiting factor. W1th two letters in the search set, -
)wreSpondino:was qU1te accurate (five percent error). This'
percentage represents the most error that-can. be attr1buted to
failures in probe letter process1ng, and it is undoubtedly an
;overest1mate (s1nce other sources of error,~1nclud1ng search

set process1ng and dec1s1on error, are present as well)

'Hence, it is clear that subJects were encounter1ng very l1ttle s

jd1ff1culty assoc1ated with the smaller probe letters .A_,'
_second reason to discount thewargument that probe letter size
‘ pred1§poses the present data s that other researchers have ’
not found phys1cal 1nformat1on to be lost in a variety of
procedures that are even more deleterlous for the ma1ntenance |
. of a physical-code. For example, Posnér (1969) has shown that
with sUccessive matches and a_SOO-msec ISI, physical matches.
;, are made faster than~name_matches, even if subjects are
presentedAaural;letters and instructed to consider them as
capitals. Clearly, subjects do not need a verdical physical
nrepresentation to make a/physical match faster than a name
lmatch. Although letter size has been found to be more ;
| critical for phys1cal than name 1nstruct1ons (Bundensen & v
~Larson, 1875), the effect for letter sizes of a 2:1 ratio is
not large (about 15‘msec) : Even though th1s effect is small,
the quest1on remains as . to whether this could contribute to

the tendency for phy51cal 1nstruct1ons to take more t1me to

execute than name 1nstruct1ons Fortunately, there is some- -
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;fempifical evidence that this is not the case. In the pilot
data'bf“ihé present thesis, 18 subjeotS‘were presented 2, 4,
or B letier'searﬁh se& sizes and given physical and name
ihétructiﬁns’in a between grbups design. The cr1t1ca] aspect
- of this des1gn was that search set and target letters were
always the same size, while the temporal parameters were
identical with those of Experiment’2 Comparisons between
physical and name instruction groups for the physically-
1dent1ca1 and different items revea]ed that name 1nstruct1ons
led to faster reaction times relative to physical 1nstruct1ons
(767 msec and 859 msec, respect1vely) Log1ca1 and emp1r1ca1'
cons1deratlons thus seem to rule out any suggestion that probe

letter size had a substant1a] effect in the present

experiment.
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GENERAL DISCUSSION

-The two experiments reported here have strong-
implications for the theoretical orientation presented
earlier. Each by itself confributes somethngAto the overall
undérstandfng of attention, and together they support even

more strongly the views discussed in the introduction.

Perhaps the most important aspect of the data concerns
.the relat}onshjp be tween pfesenfing-the tafget before and
after fhe seafch set in each design. It was argued‘eaflier
~that directed and spontaneous attention arehclosely related
phenomena. The notion of changes in the.activation of neural
units was éssUmed to underiie what were termed process and
stafe‘definitions‘of atténtion. 'From_this perspective it was
argued that whenever activation of the h?ural units qccubs,’
attentional phénomena are manifestéd.~ For thislreason, there
wés no necessity to pqstulate the existence of "f{lters", hor
to distinguish between attentioh'to stimuli that are |
physically present and fhose that are merely a hemory sgt.

The same processing is assumed to apply in each context.

Récal&lthat in- the finst study, presentation of the
target followed the occurrence of the search set, while in the
second experiment_the reverse was true. This tempbral |
orderﬁng is critical for filter theories because filters
cannot be established until some criterion is established.
When a target follows a search set, filter theories cannot, in
pfincipal, account for selection. '

V!
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But, how alike is selection between the experiments?

A1lthough fhe.answer to this question cannot be quantified,
there are so many similarities petweén them that fo posthlate
radiCailyvdifferent proéessing seems unnecessary...Fér
example, réactionvtimes and error rates'incréése with~séarch :
set size in bofh pérédigms; in é_way consistent with the
research of Sternberg (1969). He noted that\reaction‘timés
increased linearly (at aboﬁt 40 msec/item) for increasing
'sfring lengths when subjects have memor ized the searchrsét
beforehand. In the firgt exberiment,'the effect ‘occurs but
the slope {s greatér than what Sternberg observed (about 64
msec/item), 'fhe déta from the s;cbnd experiment hatches the
Sternberg’s slope mdre closely (about 39 msec/iteh). Uniike -
Sternberg’s paradigm and the fjrst eXperimenf, the probe
preceded the search set in Exberimeht.2.: What is clear, -
however; is that there is a linearly increasing reaction.time
in bofﬁ studies. Whether\or not this is due to serial
exhaustive search.(as claimed by Sferﬁberg) or some other
‘mechanism, the similarities between exﬁgfimeq§sbare strong.
Moréover the differences that'exist'between the slopes of the
' present experiments are exp]a1nab1e from a common activation
perspect1ve The search set in Experxment 2 is tempora]]y
closer to the-t1mé of processing than in Exper1men€.1.. This
5rgsu1ts in tess degradétion of'the'search.set'in thé former
paradigm, ieading to re1atiVe1y faster access and comparison
times. A]ternate]y. it could be argued that - the first |

exper1ment requ1res a greater memory load than the second.

- 'This would occur if 1t is assumed that the namé codes of the

7
¢

. ) . .
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former paradigm a]so}include é case tag to allow matches to
occur after the search set disappears. The second experiment
does not require this tag because it is less dependent on
memory . QConsequent]y', search times are faster in the second
experiment because the memory Ioad is less than in the first
study. - It ie'important to note that the same assumptions ean
account for the differences as well as the similarities

-

between experiments.

<@

Another major Qay in which the paradigms‘ﬁre related is
in their qualitative processing effee;e. In both experiments “g
there was near perfect correspondence between the ranking of
reaction times for item types under eacH instruction
condition; Summed across instruction type, name identical
‘items take the host, and physica11y‘identicd] items take the
least time-to process. .In each case, different‘items are
intermediate, There was also a marked tendency 1n-beth | -~
experiments for name instructions fo.lead to faster reactioh -
times than physical inetructions. In the firsf\study, this
‘effect was statisfically reliable for reac?ion times, although
only a trend for the effect.was observed with the second
design.'anrliere{f was argued that thie is eonsistent'With
fhe assumption that a detajled‘physical comparison can qccun'
only after name codes have beer established. If this is true,
then from E;e fheoretica] orientation established pfeviously
the change. over studies is as‘expected.‘ That_is,epresenting‘
the target after the search set does not allow the search set
to be énalyzed physica11§ifor any predetermined features,

while presenting the target before the‘search set does.
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bHence, the be]ative differences between physical and name

instructions would be greatest in the first exper1ment where
\

the initial phys1ca1 search set is further removed in t1me

from the matching decision.

A comparison between the load x leVel‘interaotions also
reveals a basic similarity between experiments. RecalT that
for other than the error data of Experiment 2, there was no
instruction x number of items interaction. Despite the
radical change of probe letter placement, the effect of the
search set size for physical and name instructions is not
differential in either study. This suggests a basic
similarity in processing. Considehing the type of item X
number of items interaction focused processing occurs only in

the reaction time data in the f1rst study when all items are
considered. Wh11e this would seem to run counter to the
suggestion that the experlments are similar closer
exam1nat1on of the mean reaction times 1h/each s tudy 1nd1cates
a’ tendency for the d1fferent types of i tems to become more
difficult to process as search set size. increases. Although
one effect attains significance whlle the latter does not,

there 1s a resemblance between the two studles

Finally, there is a strong similarity in the instruction
X item type and instruction x item type x “number of items

| interactions. While the former interaction fails to reach

reliable levels in the error analysis of Experiment 2, and the

latter in the reaction time data of the same study, there is

]ittle ma jor difference between the pattefns of data. This is

.
- ¢
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particularly .striking in compaﬁ}ng Figures 1 and 2. Focused
processing seems most evident with physical items and clearly
absent with different items.

IS

Tﬁe similarity between the experiments does not confirm

- the presént notions ébout attention but forth earlier, ény
morevthan differences between the paradigms would argue
definit{vely against the theoretical ffamewdrk established
earliier. There is pfobab]y no design that could unéquivoca]ly
determine the usefulness of such an attentional orientation.
It could -be the case tHat similar effects between studies
arise because of different processing mechanigims in each
context. The more important feature of the present data is
that both experiments co1nc1de in their important eLfects, and
that each is Jnterpretable by a selective activation

orientation of attention.

~Assumptions of autOmaticlprocessihg have played a majdr
part {n the theoretical development of the present thesis,
~ although there is no strong evidencelthat it occurred in 
either study. Aumeaticity has usua]fy been defined as
1nvolv1ng no 1ntent1on occurring w1thout awareness, and
1nvolv1ng 11tt1e disruption of ongo1ng ‘activity (Posner &
Snyder, 1975). It was anticipated that phys1cal 1nstruct1ons
shﬁuld'apprbxjmate this condition. G1ven ‘that automatic
processing can occur in sdme contexts, while more detailed
processing must'obéub in others, it was énfidipated'ihat load |
’(quantitative)lvaﬁiables‘would interact with process

(qualitative) variables to give evidence of what is here



137

termed ﬂ?ocused,processing". Some recent wth by Logan (1976,
1978, 1979) uses this rationale to examine automaticity. In
one study (Logan, t978) a concurrent memory load parad1gm was
used to vary attent1ona1 demand 1n performing a memory search
task. Evidence for automaticity was found in a search set
size X memory load interaction. O0On the basis of this
research, it was conc luded that practice and consistent
mapping may be necessary ano sufficient cOnditions for
automaticity to develop. The failure of the present
expe#iments to demohstrate automatic processing may be related
to the procedure employed. Subjects did not receive massive.
practice in the present study nor did the search set remain
constant fhom triat to tria1" It can on]y be suggested that
with these mod1f1cat1ons automat1c1ty wou]d deve]op It
vshould be noted however, that work by Br1ggs, Peters ahd,#
Fisher (1972} and Griffith and dohnston (1977)'dio not obtain
this crqcial tnteraction, even though'these considerations -
werertaken into account. ‘In addition, there was some
evidence, albeit slight, that focus1ng did occur to some
extent. This was found 1n the item type X 1oad and
1nstruct1on X load 1nteract1ons in Experiment 2 (error data
for physical and dwfferent 1tems combined and with phys1ca1

1tems separately)

- One of the reasons for the fa11ure to obtain automat1c
process1ng might be found in the cho1ce of 1ndependent
var1ables used to control qua11tat1ve processing in the
'present exper1ments The 1nstruct1on var1able can be thought

of as a cr1terton man1pu1at1on SubJects were required to
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voluntarily process items differentially to make the required
match. Item variables, on the other hand, were stimulus
defined such that differential:processing was ensured by the
nature of the item itself. The robust Posner effect {name
instructions taking longer than physical instructions) has
usually been reported with the ttem type variable (Posner &
Keele, 1967; Posner, Boies, Eichelman & Tay]or,\1§69). What
has been demonstrated in the(present experiments is that ‘
processing differences occur within both variable c]asses
Compar1 ons bet:gen item type and 1nstruct10na1 man1pu1at1ons
are somZQh

—~—_

'dtfferent mechan1sms However., it is clear that physical

ay 1nappropr1ate because they undoubted]y involve

’ 1nstructlons and name items are the slowest processed in the
1nstruct1on and 1tem var1ab1e classes, respectively, Why th1s'
is so is not obv1ous, but it m1ght be speculated that a
consc1ous dec1s1on about_phystca] information that 1s_no

V]onger'present results in this etfect.' Hence, in this -
experimental context, it is understandéble that physical
‘decisions took longer‘than name‘ﬁﬁdgments. With the type of
item.variable,‘the common ly obserVed effects Were.repltcated
strongly: Maktng name matches between physically identical and
name identical stimuli has been found to differ by‘about 80
msec‘(Posner, 1969)r This effect was observed in Exper1ments'

:1 and 2 (75 ‘and 47 msec, respectwve]y).

Together, both studtes indicate that a d1st1nct1on must
be made’ between process1ng that is exp11c1t (subject
determ1ned) and implicit (stimulus determined). The former

processes are related to the instruction variable while the
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latter correspond to the type of item:variable in the present
experiment. Although it is true that processing cannot ar1se 7
w1thout some subject cooperatwon (such as accommodating head
and eye or1entat1on), 1t is also true that to a degree, the
process repertoire’is stimulus limited. Th1s 1s s1mp1y to say
) that the nature of the stimulus pred1sposes the type and
degree of process1ng that can occur with that item. =The
product of the 1n1t1a1 analysis of a st1mu1us is assumed to
serve as. input to later analys1s In this way, the type of

: st1mu1us 1tem has a d1rect influence on how it is processed.
Masking, for examp]e, can terminate or eliminate stimulus

) processing'in%certain situatﬁons, irrespective of the

subject’s intention.

Imp]icit and explicit processes shoutd not‘be confused
W1th the d1st1nct1on between preattentive and focal attentqon
discussed ear11er“1n that the former can be either automatic’
or contro]]ed It is also of some ‘interest to note that some
variables behave s1m11ar1y under each process1ng '
class1f1cat1on The number of items (load) has a s1m11ar
effect in both studies_ for each type of process, as does the
‘effect of case. Spec1f1ca11y, the more items there .are, the
1onger processing - takes for both instructions and item types.
In addition, capital targets we:e more quickly processed than
‘small targets for each process var1able class. Case also
1nteracted w1th each qua11tat1ve process type\for the reaction

time data in both exper iments. - - _ v

The relationship between reaction times and error rates

N
1
i
Lo
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requires examination as well. Error data were used in a-
secondary role throughout this thes1s because they appear to
be a less sens1t1ve measure of process1ng In most 1nstances,
these data e1ther go the same d1rect1on as the reaction time
data or- they do not d1ffer Rare]y do they go in an oppostte
direction. It 1s‘clear, however, that certain cond1t1ons lead
to more errorsvthan in others{ Average percent error in
Experiments 1 and 2. were-16.3 and 6.5, respectively. These

re]at1ve1y high error rates 1nv1te scrbt1ny, especially to

. determine 1f a speed accuracy tradeoff can account for the

present results. Genera]ly speaK1ng, th1s does not seem to_be
the case. because reaction t1mes 1ncrease w1th-error rates,
such that dec;s1ons that requ1re the most time to make occur
with the most error. Th1s effect is part1cu1ar]y strong in ’

the f1rst experxment where error rates become very large for

the greatest séarch set s1ze Thus, the d1ff1cu1ty of making

a decision is close1y re]ated to the time taken to make the

_dec1s1on An apparent exception to _this occurs in phys1cal

matches for Exper1ment 2 Where the rates are re]atlvely 1ow

i

and un1form throughout

A related cons1derat1on ‘concerns the re]at1ve proport10n

Ly

of errors in the different 1nstruct1on and item cond1t1ons

[

S1nce explicit process1ng involves subject contrOl, it is

expected that speed-accuracy tradeoffs would occur in types of

instructions (an expllc1t process) rather than item types (an
1mpl1c1t process) if it were to appear at all., It is S
apparent that in. both exper1ments this is not the case. Error:

rates for 1nstruct1on types are v1rtually 1dent1cal within .

o7
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. each experiment, while item types'tend to differ in error
rates. The item differences cannot be attributed to
strategies because tpe type of item to be presented to
sdbjects was randomly determined, and thus. unknown before it
was presented:‘ Iteh types must‘be processed»and identified
for a speed-accuracy manipulation to oocur. The differences
'betWeen "yes" and "no“ error rates in both experiments (more
in the former response class) also cannot be attributed to
subjective\criterion changes;"for the same reason they_cannot
“occurdacross item types. |
A more seriods problem exists‘inlinterpreting data from»

the cells where large error rates exist. Since errors would
occur appro*imatelfdhalf the time if'responding is random, it o
is clear that a cautiOUSSapproach mdst be adopted where up to
38.5% of "the nesponSesnare incorrect. Moreover, the rema1n1ng
responses can be correct forlthe wrong reasone: Improper

analysis of a stimulus could lead to a "correct” reeponse in

some 1nstances In effect, th1§,means that the proportion of -

i

.errors is a\consecvat1ve measure of how often process1ng
breaks down. Neverthe]ess, the existence of ]arge error rates
does not'diminisﬁrthe central 1mportance of the argument
presentes\witnin this thesis namely ‘that changes in select1ve
process1ng\are a funct1on of the amount and type of ! )
 1nformat1on ana]yzed G1ven large error rates, one canoargue
‘ythat an- 1tem se]ect1on b1as may be present so"that-"eaéy"

\ -
items are decoded correctly wQ§1e "hard"” 1tems are not This

would result in the inclusion . of proport1onally more- react1on

~ times to easy ., 1tems in cond1t1ons where enror rates are

N
IR %
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comparatively large.‘-This occurrence, however;_wou]d tend to
Obscure real differences between cells Where.such differences
'exist, and thus present a conservative estimate of
differential processing.

It has been‘repeated1y argued that one of the ;
consequences of the,attentiona] framework proposed earlier is
a basic similarity between the two experiments.' Do |
differences in the magnitude of error rates between the
- studies represent an apparent contradiction tb this
‘ hypothesis? It does nq} seem so. The different error rates
| are predictable on the basis of the activatton h&pothesis
’vdiscussed previously. Because the search set in the first
experiment is removed before the probe appears, it is
. temporally further from the time of decision than the search_
bset_in the seCond'exberiment which fo]lcws the probe.
vTherefore, there is more degradat1on of the search set in the
" first.study, and an ensu1ng greater probab111ty of error It

mlght be argued that this is counterintuitive, because if

&0,
g2

act1vat1on 'differences underlie the d1fferent error rates,

" then the opposite éffect'WOuld be ahticipated fo?’probes,
‘51nce probes rn the f1rst exper1ment are closer to dec1s1on
than in the second. While therevcould be somevform of a . -
b.traQeoff, searchiset decoding is clearly the limiting factor

: in‘eech'peradigm - This is because errorwrates‘for small sets
are minimal but 1ncrease for larger set s1zes ~ The inbreasesd
'1n error occur much more . rap1dly with set s1Ze in the first
',experﬂment. suggest1ng that differences in the ava1lab111ty of

the sear7h sets between exper1ments underl1e the effect

Y
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Finally, it seems appropriate to comment upon the
implications of the present work for extant conceptions of
attention. In1t1a]]y, certain assumpt\ons were made about the
nature of selective attent1on mechanisms, and these
assumptions were the foundation of the later empirical work.
To what extent do the present f1nd1ngs relate to aspects of
the orientation presented earlier? Much of the work has

already addressed these issues, but not in the broader context

of attentional theory.

It has beenrsugsgstedpthat a unit activation of selection
fits well with the present data. 'What’has not been '
emphasized, however, is the extent to which this is a.radical
departure}from other attentional formations. While it_has
become increasingly popular to use the term "processing” 'in~
the context of attention paradigms; there has often been
'confusion'about the re]ationship of processing and the
| phenomena of attentjon itselfg In discussing‘the nature of
automattc procesﬁes Shiffrin and Schneider (1977) suggest that
unit activation may be‘very fleeting "...unless attention,is
- directed to the process when it occurs.;." (p.156). "This
argument'clearty necess}tates the assumption that attention
ex1sts 1ndependently of - automat1c neural processing. However,:
they also state that “These attention responses then d1rect
attent1on (i.e., will direct controlled proceSSIng) i
‘automat1ca1ly to a target...” (Schne1der & Shiffrin, 1977
' p.2), and then go on to argue that “A contro]led process is a

temporary sequence of nodes act1vated under control of and

r‘\
L
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through attention by, the subject" (p.2). Hence, the ,
distinction between automatic processes, controlled processes,
and*attention are never made clear, despite their elegant

attempt to operationalize these concepts.

Another recent paper also encounters difficulty with the
concepf of attention. To Logan (1979) attentional chpacity is

limited, and- this ié what partially Under]ies.most short-term

‘

memory limitations: it foljowsvthat léadihg memory will
reduce thé capacity available to a task and'iﬁterfere'with
perfo}mance to the extéﬁt that the task requires attentional
capacity” (p.190). Stafementé-such as this imply .that -
vsomething more than attention absorbs capacity to do a task.

" Nevertheless, from Logan’s pbint<6f view,.attentioh can
»certainlx_be,considefed as requiring a Qapacity. Yet in an
earlier paper (ngan..1978) he cdnsiders ", ..attention is best
construed as selective allocatién of central processing

L]

capacity... (p.60). ‘Hence, the distinction between
proce§sing and capacity aspects of attention is‘suggested (as
in the theoretical section of the présent gpesis)f but
confusion exist§ as to whether it is capacity, or allocation
- of cabacity, that constitutes atténtion.»’Other reséarcher§
v'havejaISO attémpted ;o‘discusé attéﬁtidn from processing and
_capacity orientations. Invariany;/théy,abpeal,to a -
conception of attention thatvhashgitherqétate'or proceSs,
characterisfics;\?ut‘a]ways aé éh entity uniquely distincf
 from the %(ocess.they aré'attempting tQ-eprain.: The present
abcéunt;hoids that-attention'is isdmbrﬁhiq with all ongoing:

: cognitive activity;..The extent to which an organism is



engaged in a task is the degrgg to which attention is
invo}ved. This is.not to suggest that practice will not
‘reduce attentional demands, but rather to state that a
construct of attentibn beyond'grocess demands;is excess to
what is logically necessary fo éXplain attentional phenomena.
If attention is seen to be some "exeéu(ive" that directs
different processing modes under different stimulus
conditions, the whdle question of what constitutes attention
is avoided or appeals to infinite regress. Empirically, the
preseﬁt results are accommodafed rather well into this Qiew.
More difficult tasks invblve more processing and;vhence, more
attention. Itvma§_be that the conceptual.simplicity‘bf this
orientétion wili provide a useful framework td 1nvestigdte .

attentional phenomena.
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Reaction Time in msec and Proportion Error? for Type of

Instruction and Type of Item for Experiment 1

‘Type of Itemv

Type of

Instruction ' Physical - Name Different

Physical 893 (.222) 1022 (.146) 930 (.102)

Name - 802 (.135) 877 (.231) 917 (.139)
M 847 (.179) 949 (.189)

"aError data is in brackets.

923 (.120)

Moo

?3948‘(.157)

865 (.168)
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‘Table 5.

Reaction Time in msec and Proportiéﬁ Errora for Type of

Instruction and Type of Item for Expenjment 2
™. .

Type of Item

Type of : :
_ Instruction : Physical Name
"Physical 830 (.061) 987 (.117)
Name = | 755 (.053) 802 (.111)
M 793 (.057) 895 (.114)

'aError data is in brackets.

)
PO

. :‘j)/
7

Different

846 (.020)
830 (.029)

838 (.024)

150

M

888 (.066)

796 (.064)
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Experiment 1: Physica] Match )

This is an experiment about how peop1e come to attend to certain
events in their environment. The knou]que gained from these and other
studies s expected to contribute significantly to our understanding,of:
the human attentional mechanism. fhis experiment is part of Dr. Dobb's
research program and is supported by a grant'fran the Nationa] Research
Counci] of Canada. The experiment will take about 40 minuteS\of your
time, and it reouires that you be'attentiye and’work hard. -

The procedure is'quite simple. 'oh the screen‘in front of you will )
appear a group of letters for a- very short périod of time (.1 sec). After '
they are turned off a s1ng]e letter will be shown for 1 sec. If this

. letter matches exactly any of the group of.1etters first shown, I want
b you;to push the'button’on the Teft labeled "Same"s ‘If'it»is different,
\ I uant you to push the butten on the'rtght‘1abe1ed."different"a In order
for a match to be correct thelletters must be exactly identical. That
41s the group “of letters will a]ways be printed 1n capital letters or
: sma]l ]etters while the 51ng1e letters shown }ater w1]1 also. be e1ther

in sma]l or capital 1etters ~ You are to press the "same" button on the h

o 1eft 1f this 1etter is cap1ta1 and was in the f1rst group If it is on]y

L"ﬂ the same name but in smal] 1etters, or 1f 1t is not in the first group,

: ,‘

'.you are to press the "different" button on the r1ght 1In this exper1ment'

’sacriflcing accuracy In addition,valways make a response, even if it is
a: guess. Errors w111 not count agalnst you. _ '.'V S N
The actual arrangement of the groupsépf~1etters wﬁ]l vary in this

experiment For practice you will see groups of 4 1etters. Before each

’- A 1 e
e

,

1t 1s,very 1mportant that you respond as fast as you possibly can without 4'-;1
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group. you will see a Cross. I want you to focus your eyes on the cross
as each broug comes hp. It is very 1mportant that you do th1s, as it
wf]]vgive aT1'1etters a fair chance at being seen. ‘After the practice .
1tems,'test items will apbear also wifh*Z, 4, or'6 letters with a cross in
. the center. You are to 59$pondvin the same way to these\ﬁteq§Jes you |
did on-the practice items. | '

Finally, it is 1mportant to reemphas1ze that the s]ide’cohtaining the: "
group of 1etters will be on for-"so short a per1od of time that with even
a small moment of 1nattent1on you may m1ss 1t Consentrate very. hard. on N

‘the screen when each item comes up.

.

VAre-there aﬁy questions?
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) In order for a'match te be correct the 1etters must be the-same name..
]etlers wh11e the s1ng1e 1etters shqwn later will ‘be e1ther in small or

.1etter is fapita1 and was in the first grOup CIf itakx'the same| name but »

~in sma]l letters, also press the "same" button on the Nightz In
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Experhnent 1: Name Match
This is an exper1ment about how people cune to attend to certain
events 1n their environment. The knowledge gained from these and other »
stud1es is expected to contribute significantly to our. understanding
of the human attent1ona1 mechan1sm This exper1ment ns part of
Dr. Dobb's research program and is supported by a grant frowrthe Nat1ona1
Research Council of Canada. The experiment vn]] take about 40 m1nutes

of your time, and it requires that you be attent1ve and work hard

The procedure is quite simple. On the screen in front of you will

~appear a group of letters for a very short period of time (.1 sec). 0

 After they are turned off a s1ng1e letter will be shown for 1 sec. <If

L
th1s letter is the same name as any of the group of 1etters f1rst shown,

I want you -to push the button on the left labeled "same . If it s

djfferent, I want you-to'push the_button‘on the right 1abefed "different".

That is, the group of 1etters will a1ways be pr1nted in. capital or sma11 '

-~

cap1ta1 1etters You are tq press the "same" button on the 1eft<if this

th1s exper1ment 1t is very. 1mportant that you respond as\fast as. you

po s1b1y canpwithout sacr1f1cing accuracy In addition, a]ways make a

,.re:ponse even if 1t is a gé@ss Errors wi]l not count against you. I

The aiéua1 arrangement of the groups o~)1etters will vary 1n‘fh1s\\

»'experimemiga For practice.you wffl see groups of 4 letters Qﬁefore each

v group you. will see a cross.. l want you to focus your eyes oﬂ'the.cross

| ,fas each graup comes up It 1s very 1mportant that you do this, as 1t wj1](~\

. . L . - e . A B S . . -
B /‘, . ¢ ' . - R e
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give all letters a fair chance at being seen. After the practice items,
tést items‘wi1f appear also with 2, 4 or 6 letters with a cross in ‘the -
center. Ybu are to respond in the same wéy tb'these items as you did on
the practice items. | |
Finally, it is-important to reemphasize that the s]jde cohtéining
the group of letters will be on for so short a period bf.time‘that witﬁ
even a small moment of inattention you may miss it. Concentrate very

9
" Are there any questiohs?
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| Experiment 2: Physical Match

This is an experiment about haw people come to attend to certain
events in their environment. The kndﬁledge gained from these andvother
studies is expected‘to_contributegsignificant]y to our understanding of
the human attentional mechanism. ‘This experiment_is part of Dr. Dobb's"
research program and is supported by a grant from the National Research
Council of Canada. The experiment will take'aboutA4O minutes of your
time,'and”it reqdires that you be attentive anp work hard.

A The procedure’is quite. simp1e - On the sqreen 1n front of you w111
appear a letter for a short per1od of time (1 sec) After it is turned
off a group of 1etters w111 be shown very qu1ck1y (. 1 sec). If the )
first letter you saw exact]y matches any of thoseﬁ1n the group of 1etters,
h'I want you to push the button on the Tleft 1abe1ed "same".\»If 1t is
different, 1 want you to push the button on the r1ght labeled "different".
In order for a match to be correct the letters: must be exact]y 1dent1cal '

? That 1s the f1rst letter will be pr1nted ir e1ther cap1ta1 or sma11
- 1etters and the group of 1etters w111 be printed in cap1ta1s or. small

~letters.. You are to press the "same " button on the left if the first .
‘letter 1s cap1ta1, and if 1t 1s in the second group. If 1t is the same
name but in lower case, or if 1t’hs not in _the second group you are to
- press the “d1fferent" utton on the right*f In th1s exper1ment it 1s very

important that you reggondsas fast as you poss1b1y can without sacrif1c1ngy
':accuraCy In addition a]ways‘make a response, even 1f 1t is a guess |

pErrors will not count against you j \ "

The actua] arrangement of the groups of ]etters wi]l vary in th1s

experiment For practicggyou will see Qroups of 4 1etters Before each =

il

'ivgrou you wi

Qo

se? a cross. I want you to focus your eyeS'qn the cross
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before each group comes up. It is very important that you do tb{s, as

it w111 give all letters a fa1r chance at being seen. After the practice
A

1tems, test items: w11] appear also with 2, 4 or 6 letters with a crog;

“in the center. You ane to_respond in the same way to these.1tems as you

did on the practice items. -

Finally, it is important to reemphagize that the slide COntaining
tﬁe group of letter will be on for s& short a periodvof.time that with
even a small moment of 1natteﬁtion you méj misé 1t; Concentrate vefy
hérd bn the screen when éach item comes ub. |

" Are there any questions?
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| In addition, a]ways make a résponse; even if it is a. guess Errors will
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Expeeiment 2: Name Match N
‘ﬂThis‘is an experiment about how people come to attend to-certain‘
events in their environment. The knowledge gained from %hese:and other
{

studies 1s expected to contribute significantly to our understand1ng of

the human attent1ona1 mechan1sm This experiment is part of Dr. Dobb s

research program and s supported by a grant from the Nat1ona1 Research

Counc11 of Canada The exper1ment will take about 40 m1nutes of your time,

and it requ1res that you be attentive and work hard.

’

The procedure is quite s1mp1e. On the screen ‘in tront of you will

'appear a letter for a shoxt period of time k] sec). After it is turned

- off a group of 1etters'Wi11 be shown very quickly (.1 sec). If the.first

letter you saw matches in name any of those'in the group of letters, I. ’
want you to push the button on the left 1abeled "s em., If 1t is d1fferent,
I want you to push the button on the right labe]ed "d1fferent" In order

for'ahmatch to be correct the Ietters must be the same name. That is,

-the first letter will be printed: in either,capitalﬂor»smaTl.1etters, and

the group of 1etters will a]ways be printed in cap1ta1s or small 1etters

'wo You are to press the same button to the left if the f)rst letter is

capital, and if it is in the second: group. If it is the same name but in

lower case‘“a1so'press the button In this experiment; it is very‘important

that you respond as fast as you poss1bly can w1thout sacr1f1c1ng accuracy.

not count against you SIS ) .f o
\

The actua] arhangement of the groups of . 1etters w111 vary 1n th1s

"‘eXperiment For practice you will see groups of 4 1etters Before each

/ ) B
»'group you will see a,cress”’ I want you té focus your eyes on the cross. g

) 5
as each group comes up ..It is very 1mportant that you do th1s as it

» : : . SR oo

\

4
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will give all letters a fair chance at beingvéeen. After the practice
items, test items will appear also with 2, 4 or 6 letters with a cross

in the center. You are to respond in the same way to these itéms as you

I

- did on the pract1ce 1tems

F1na]1y, it is 1mportant to reemphaSIZe that the s11de cantaining
_the group of letters will be on for so short a per1od of t1me that with

“even a small moment of 1nattent1on you may miss it. Concentrate very
_ X . , e

hard on the screen when each item comes up. )

Are there any questions?

.t
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StimuTus Generation Program
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B

h
<t

-
w3

N
Ss
61

81

9,

10,
11,
121
13
14:
15:
16

17,

ie:
19,
201
21:
224
23
241
25
261
27:
28,
29:
30:
31

321

333
341
35«

36+

371

- 381

.39
461
‘41
42,
43;:
141
433
161

47

S48y

L
- 304
St

,52i‘

53¢

dim D[S],P‘(;J .

cli 7iwrt 718, it1enhs exazum”

ent *Seed",S; 1/S+S;rnqu)*S

ent * # Stimali™,N

ent "Duration Stim. 1';0[1] .

ent "Duramtion Stim. 2%,0(2] i S
ent 'Quration Mask®,D{31 )

ent *ISI 1",0(4] |

ent "ISI 2°,DI51

ent "set(+1) or target( 12 first?' r2

it abs(r2)llsgto -1‘

ent “"Physical{<0) or; Namex)O) Match?®,r0
ent *# Trials®,T :
fmt 1,f4.0,.",°,f4.0,%;

fmt 2,fH.0,%/"

fmt 3,f2.0,1x,f2.0,2x.78.2

wrt 9,"A U2=02 U4=]4"
oni-9,"int"

wrt 3.2,%U2D0150/U2C U26*

dim X$INI,M&IN],VI3, T),a[N]

for I=1 to N;'l'*MS[ll next 1
for X=1 to T - o : )
eir 9,03cfg swrt 718, %=mizum” ;3B b ‘ .
for i=1 to N . T ‘
int (rnd{5)%26) +65+P '

if I=13gto *4

for J=1 to 1

if Xt[J;Jl-char(P);gto -3

next J

char (P)-»>Xs$!lI, !l;next 1

if N/2=int(N/2);gto +3

1f r0nd{S)>=1/35ivint(N/2)+0sgta +4

if rnd(S)>=.551nt(N/2)-1-033t0 *2

int (N/2)-0 ' . , . :
if 0<=03gto +8 : .

for I=1 to O :
.1nt(rnd($)hﬂ)¢1+G[l]

if l=13gto +4. :

for J=1 to.I- 1 ,

i1f Gll]-P[J};gto =

next J ‘ ’
chér(num(Xt[G[l] G[l:])*SZ)*XS[G[lT G[I]];next I

“Ppa or Neg® :lnt(rnd(QWlN)+1~R o B g‘ ,'

‘*-sane;--dlff':xf rnd(8)>=. ;lvrlsgto +2 ' L
=1-»rl : 4; ’

if rO)O;gto ‘Name : N

if r1¢0sgte +2 ‘ = »
*p- Natch':XtiR Rl*ﬁ%;i4r4;gto‘ show"
*N-Match®s2f rnd(S)>=.55gt0 +3

lf X$I{R,Rl=cap(X$IR, RT);char(num(XS[R R])*32)*ﬁ&|3*r4;910
’char(num(*t[k Rl) 32)4A$;3*r4;gto "ahow"

gto e 2 »

'Name‘:if ri«O;gtB *3

if rrdf5)-=.S:gto 'FJVatchF

[
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T4y

Sa
561
57
=1-2
591
50
51:
521
»33:
o412
€91 -
661
"elv
%8
59
70y

734
7412
751

-

o

“N-Match®:3to -5 -

fH-dlffxin@(rnd(S)iZGE}P -

for I=1 to N

Af X${1,11=char(P+65)33t0 -2

if X${1,13i=char{P+397)35g9t0 -3

next 1 A

Sir4yif rnd(S)<=.5;char(P*65)}9f;9!6 +2

char (P+37) 1A

*show®:wrt 718,"cal,::pel,:pad80,500;"

wrt 718,"pel 1atx+®3cly 7

cfg 8,10,113dap X 4

gto +031f flg8;gto +1

cfg 3waitl 5005wrt 718,"em” ;gto 't!me

*X*:wrt 718.1,° cs2,::1pel, 1 pat, .500- 40!1nt(H 23,500

wrt 718,%pel,tstx”,X$5cli 7

wrt 9.2,*U20",C, "u2C U¢G';5fg l;gto 'time

*A®;wrt 718,"ped,::pa S500,5003"

wrt 718,%pei,r:tx",A%3cly 7

wrt 9.2,°0U20*,C,"U2C UzG';afg 23;9to "time"
iwrt 718.1%1, peO,::pa ,500- 40¥int(N/2) 500

wet \718,%pel ) satx® ,M$scli 7 '

wrt [9.2,7U20",D[31,"U2C U26G%ystg 3

"time®1eir 9 -

g’ﬁz?/fxg1 and flg2;gto +21
if flgS;gto +12

79:
' 83

811
£2:

§31°

gt -

F DI3)I(5;B+128s5t0 +4

‘gto +Lyif flg6sgto v “p
gto -1 : - /

W DI21}Cyif r2>03gto A

T -0rdigto +3.

if flg1 xor flg2;sgto +3
DIL11}Cyif r2>039to *X°
ato "A" . . - .
gfo *0;lf f194sgto *2 o v »

_ﬁ_4l<5;801}8;9to *4
9.2,"U20",b043,"U2C U26*
fo *Oglf fl@S,gto +2 K

gtc( HMI

if D[S](S;B*J}B gto +4
wrt 9.2,%U20*,DL5], “Y2¢.U26*
gto. +05if f197,gto 02 |
gte -1 7

gto *X* .
wrt ;9,°U46 UdCt
cfg 10,11 - :
gto +0,4¥f f1910 or flgli; to *2
9'0“1 . Do T
ur\ g, 'U4V')red 9,Q.
flgli}gtoAﬂg
ri>d5gtc «4
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Lot

177
108x
199,

S0
111,
112
113,
114,
115,
116,
117,

113a

T 112,

120,
121
122,
125:
124
125

[
icbs

127+

128y
125
150

151

1021

133

134
135
136
1537
135
139
140:
141
1423
143,
144,
145;.
116«
i47:s
143,
149

150,

191
152
153
i54%:

155,

158,

157,

. ; < 4

B ' s

if r1¢05qto +2 : '
-Q)G : : ..
1f r4>440}rSsgto +5 ° '

1)1

A f capcxztz 11)=cap(As), I}rS;gto +3

1+1)}050F IDM, O}rS;gto +2
gto -2

"score”:if At-cap(At);gto +2
rd4+1}r4 .' K
1f r02 03r4+62r4d
rS2VI2 X};r4)V[1 X];Q}V[3 X1
prt Xs,As$,Q
next X .
gto "Data®

"int®:wrt 718, em*s;eir 9;1+B}Essfg B
wrt 9,"W srdb (s if not Wyiret
gto -2 -

. "Data®:dim Z2[(7,42; spc 3

for I=1 to T *
wrt 16.3,VIi1,113, V[Z 11,VI[3, I]
if r0>0;v{1,11-6}r4;g9t0 +2
Vi1,113r4

<ird4,11+41320r4,11

1¥ VI3,11<0520r4,21+1%Z20(r4,2239t0 +3 -

VI3,13+Z21r4,31}20r4,31
VI3,1142+21r4,4M21r4,4)
next I.

prt "N- Hatch ﬁlock'

if r2>04prt’ Seti Flrst'igto +2
prt * Targct.Flr:t'
prt * =size of set=",N
prt * Timing was:®
prt * :Stim.1=",D01]
prt ¢ Stim. 2~*,D[21
prt * Mask=",DI[3]

prt " 1SI(1)=*,D04]
prt * 1S1(2)=",DI5),
spc 23prt *P-match trials®;1}rd4;g9sb

o

/

‘ape 331f r0<0sprt "P-Match Block®jgto +2

"mean”®

spc sprt *N-match trials®;3}r4;9sb "mean*
spc 3prt "Riff. trials®*3S}rdygsb *mean”

aspec 3;prt 'Cumulgti&e Data®";gsb *Tot®
spc J

ent *Same block again?(i-ye:)' Y

L f Y-i;gto 21 » ‘

‘end

"mean a1 f r4<7;prt " Capitol Targetl?®
fxd O3prt *# trials=",Z0r4,11:
prt *# Errora=",21(r4,21 4
prt 3aum‘X-',Z[r4,3] -
prt "sum X2=*.Z{r4,41

e

af Ztrd, 13- ZLmi321=G5prt “no ceresci®.
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158
* 159,
160
161,
<162
163
164,
165
'1661+°
167
o 168:
169
170,
171,

fxd 25prt “mean RT-' Zlrd, 3]/(Z[r4 13- h(r4,.3)

i 20r4,11-ZCre 2?(2;prt ‘S.D.*0"y9to +3

ZIr4,4)-(2Z(ra, 11-2[r4 21)%(ZIr4,31/(20r4,11- Ztr4,210)%2)r12
prt °S.D.=",\(r12/(2(r4,11- zrr4 21-1» ,

°

1\f flg0scfg Osret . -

T4+1tp4yif afg O;prt " Small Targets®;gto -10
ret : : - - ' bl
"Tet®:7)rea . ™\, , N , ’

- N

for I=1 to 6 ..
for J=1 to 4 -

2L7,31+211, J])Z[? JJ;next U

next 1 . ~

gab ‘wean® T~ ' . . i .
ret - -

#%#714% -
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VAN

In the following Tables ‘the variable numbers corresponding to specific
Item Types are as follows:2 o <

¢

VARIABLE NUMBER  ITEMTYPE  CASE  INSTRUCTION SEARCH SET SIZE

~ ) ' N

1 p c P - 2 ’
2 P - S P 2
3 N (I P 2 S
4 N S. ~p ’iﬁ ,
5 D C P .
6 D S P . 2 ,
7 P - C P q
8 P S Pi 4 -
9’ N ¢ P - 4
10 & N S P 4
-1 . D C P 4
12 D S . P 4
13 P Y C P 6
14 P S P 6
15 "N C P )
16 N S P "6
17 . D Cc - P 6
18 D - .S P 6
19 \ p c - N 2
20 P S N 2
2% N . € N - 2
22 SN S N 2
23 b c N 2
24 . D S N 2
25 P c N 4
26 P S N 4
27 N C N: - 4
28 N S N 4
29 D - C N 4
.30 D- S N : 4
31 P C. N ; 6
32 P S . N 6
33 . N C N 6
34 N S. ‘N "6
35 D C N 6
36 D S N 6
| : ‘
-aP = Physical . ' g\\
N = Name
D = Different :
€ = Capital ‘ - : o ) <
S = : . : : :

Small
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Experiment 1: Reaction Time -

Analysis of Variance Summary %able

»

193

Source _ SS df - - - MSe F

Mean .038 1 355.038 246.36
Subjects (S) .852 1 1.441 ;
Type of Instruction (I) .742 1 .742 4.85*
Search Set Size (N) .663 2 2.331 153.54**
Type.of Item (T) .810 2 .405 14.35%*
Case of Target (C) 112 1 112 23.44%*
‘Sx1I- L .682 11 .153 : »
S.x N .958 22 . .044

I xN .086 2 .043 1.45
SxT .621 22 .028

I xT .312 2 .156 11.52**
NxT .200 4 .050 6.57**
$x C 053 11 .005

Ix¢C .092 1 .092 5.72*
NxC .032 2 .016 3.07
TxC .214 2 .107 6.01**
SxIxN 1651 22 .030
SxIxT .298 22 .014

SXNxXT .335 44 .008

I xNxT .165 4 .0 5.52%*
SxIxC 177 11 .016 .
S x‘#(x c .114 22 .005

I x Nox°C .073 2 .037 2.63
SxTxC .391 22 .018 .

IxTxC ’f .001 "2 .000 - 0.02
NxTxC ’ .047 4 .012 2.46
SxI xNxT .328 " 44 .007 -
SxIxNxC .305 22 .014
SxIxTxC .330 22~ .015
SxNxTxC 213 44 -.005
IxNxTxC .031 - 4 .008 1.20
SxI xNxTxC .288 ° -~ 44 .007 ~
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s Analysis of Variance Summary Table
Experiment 1: Proportion Error
Source . - SS df 7 MSe . F
Mean . Vs ‘ 11.396 - 1 11.396 207.56
Subjects (S) o .604 11 .055
Type of Instruction (I) © 015 1 .015 .82
. Search Set Size (N) 4.534 2 2.267 208.19**
Type of Item (T) .390 2 . 195 3.99*%
.Case of Target (C) . .077 1 .077 6.54*
S x N—0r .205 11 - .019
x N . . .240 22 .0n
x N ¥ 1 .031 2 .015 2.38
xT 1.077 22 .049 ’,
x T .574 2 287 12.34%*
xT 07 4 . .019 -~ .93 .
x C - .129 11 .012
'x C - .196 1 » .196 20.45%*
x C .04 . 2. - .022 3.54%
xC .192 2 .096 10.06**
x I xN .142 22 .006 -
xI xT° 511 22 - .023
XNxT .882- . 4 . .020
XNxT 17 0 4 .029 2.91*
xIxC . 105 11 .010
xNxC .. 137 22 .006
xNxC .075 2 - .038 5.13*
xTxC .210 22 L0100
xTxC .074 2 -~ .037 3.21 -
xTxC .089 4- 022 o 2.59%
x I xNxT .442 44 .010
xI x Nx C’ .161 22. . .007
xI xTxC .254 22 : .012
XNxTxC .376 44 .009
XNxTx<C ~.198 4 .049 5.74%*
xI xNxTxC 379 44 .009 - i
, >
* p< .05

*k p < .0]
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Analysis of Variance Summary Table

Qe

1 Experiment 2: Reaction Time

()
- Source . , -+ S§ - df MSe - F
A : : . _ ) "
Mean . - = . 306.215 1 306.215 . 418.38
Subjects (S) o 8.051 - 11 ‘ .732
Type of Instruction (I) 915 1 915 . 4.66
Search Set Size (N) 1.724 2 - .862 - 12.48%*
Type of Item (T) CU751 -2 376 18.06%
Case of Target (C) :f .051 1 051 - 4.64
: S x 1 . v 2.159 11 - .196 :
- SxN 1.519 - 22 - .069 ‘
I xN . .061 2 .031 2.68
SxT . .458 22 -.021
IxT .530 2, .265 10.58%*
NxT 021 . 4 .005 .60 .-
SxC Jd21 N~ 11 S.011 '
IxC .038 1 .038 . 3.07
N x C .006 2 .003 .34
"Tx¢C C.138 2 .069 5.20*
Sx1IxN . - .252 22 01 .
SxIxT -t .550 . 22 . .025
SxNxXxT ' .380 - 44 +.009 .
IXxNxT .047 4 .012 1.44
SxIxC .136 1 .012
SxNx¢C 192 . 22 ) .009
I xNxC .01 2 -006, 0.62
‘SxTxC 291 22 .013 ‘ .
IxTxC . 166 . 2 .083 = 18.80**
NxTxC .044 4 .01 1.64
SxIxNxT .357 44 .008 ’
SxIxNxC .200 22 .009
SxIxTxC 097 22 .004
SXxNxTxC o i.292. 44 - 007 -
., IXNxTxC 019 4 005 - 91
SxIxNxTxC 229 . 44 .005
* p< .05
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Analysis of Variance Summary Table
Experiment 2: Proportion Error
Source °SS df MSe F
e — | , i i .
Mean 4 1.825 1 1.825 109.01
Subjects (S) < .184 11 .017
Type of Instruct1on (1) *.000 1 .000 .01
Search Set Size (N) . .139 2 .070 10.28**
Type of Item (T) - . .588 2 .294 18.24*%
Case of Target (c)y - .002 - 1. .002 .33
x I .303 11 .028
x N .149 22 .007 -
x N 124 2 062 13.70**
xT .355 22 016
xT .006 2 .003 .19
x T . .037 4 .009 1.62
x C - ' ,-.078 11 .007 ~
x C o, .010 1. . .010, .93
x C 7002 2 4. 001 .21
x C .022 -2 LX 011 - 1.60
x I xN .099 - 22 .005
x I xT .368 22 .017 ,
XNxT .250 .44 .006 .
xNxT .097 4 . .024 3.85**
x'I xC Jd22 11 NORE
x-Nx C 091 22 .004 '
xNxC’ 000 2 .000 . .06
xTxC .149 22 .007 o
xTxC .003 2 . .001 .18
xTxC .024 4 /7 :006 .95
X I xNxT: .276 44 .006 :
x I xNxC .068 22 .003
xIxTxC 475 - 22 .008
xNxTxC .276 44 .006
xNxTxC~ .001 4 .000 .07
XxI xNxTxC .229 44 .005



