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. Attention Theory and Mechanisms for Skitfed PerfSrmance
Waiter Schnelder and Arthur D. Flsk

UnI\;ersH'y of I1linols at Urbana-Champaign

e ' Abstract . 7

1 I"
per formance. Emphasls Is glven to how

Dual process attention theory is reviewed examining the distinctlons
automat!c and controlled processing. The changlng Interactlions between

_ automatc and controlled processing In the development of sklll are dlscussed.

roposed that consistent practice produces automatic productlions which
pertorm| consistent transformations in a heterarchial system. Automatic
productilons are proposed to: * be modular; show hlgh transfed; become resource
free; not be under dlrect control, and be fast, accurate,

and coordinated.
Controlled processing Is assumed to develop automatlc processing, maintaln
strategy

and time varying Informatlon, and perform problem solvipg activitles.
Perceptual data, some motor data, and several motor performance examples are
presented to Iliustrate automatic/controlied processing effects. The
relationshlp to current theories of motor skill are discussed. New research
paradligms suggested by the current approach are disiusseﬁ.

In press. In R. A. Magill (Ed.), Memory and control of motor behavior. -
Amsterdam: North Holland, in press. . ’
™~
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‘characterized as a sldw, generally seriat, effortful, cap
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.
Attention Theory and Mechanisms for Skilled Performance \
watter Schnelder and Artbur D. Flisk

M L}

Since Wililam Jomes (1890), malnstresm theorles ‘of attentlon have been
central to theorfes of sklll. James feit that the key to producing svilted
perfocmance was making behaviors automatlc so the behaviors could be done - -
without consclousness.

For the past twenty years there has .been !lttle Interaction between the [
areas of atteition and skii| develgpment. In attention research, Issues of
practice, feedback, coordinatlon of activities, and transfer of tralning have 4
recelved llttle emphasls. In the sklil development |lterature there has been
littie empirical concern about attentional load, operator control, Information
chunking, and extended practice. Our goal Is to describe the beginning of a
theory for the mechanism of skiiled performance. The wmsjor concepts were
denlved primarlly from attentlon ?hr:o&;ssaf perceptuad tasks. ~The-attempt here
Is to descrlibe the mechanlisms by w compgnent skllls can be bullt so that
expert performance ls fast, accurate, and flex!ble!

The acqulsltlon of afmost any cognltive or motor skili Involves profound
changes that have Impressed researchers since the earllest days of psychology
(James, 1890; Solomon & Steln, 1896). "Conslider, for example, the changes that
occur whlle learning to type, to play a muslcal Instrument, to read, or to play
tennls. Atpfirst, effort and attentlon must be devoted to the smal lest movement
or minor declsion, and performance Is slow and error-prone. Eventually, long ~
sequences of movements or cognltive protesses are carrted out with [lttie
attention, and performance may be qulte rapid and accurate. The changes that
occur are striking ‘enought that performance of the task seems qualitatively
dlfferent before and after practice. 4 -

A number of researchers have._Interpreted  the qualltative dlfferences
betveen’novlce and skl led performehs belng the result of two qualltatively '
different forms of Information processing (Jemes, 1890; Laﬁerge, 1976; Logan,
1978, 1979; Norman, 1976; Posner & Snyder, 1975; Shiffrin & Schnelder, 1977).
In this paper these two forms'wiil be referred to as autamatic and sontrolled
processing. Automatic processing Is a fast, parallel, falrty effortless process
which Is not timited by short-term memory capacity, Is not under direct sub Ject
control, and performs weli-developed skilled behaviors. Automatic processing
typicatly develops when subjetts deal with the stimulus consistentiy over many
trials. The quick effortless piaylng of a well learned patfern of notes by an
expert musiclan Is an example of an automatic process. Contyol ted processing |Is t
Tty Iimited, subjJect
control led processing mode thaf] must be used to deal with novel or Inconsistent
information (see Schnelder “& { Shlftrin, 1977; Shiffrin & Schnelder, 1977).

Controt led processing Is expected when the subject's response" to the stimulus
yaries from trial to trial. The novice trylng toplay a six chord  sequence is
an exampie of a person using a control led process. ;

Pl

o ‘ AN

s




ERIC

Aruitoxt provided by Eic:

v

( N Sk11led ;;erformance

®
Moghanisms of Skllted Performance
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.
To apply automatlc/controlled processing concepts to skl!led performance,
the roles and mechanlsms of each process must be elatorated. The following Is 2

serles ot assumptlons about the mechanlsms through which sk I'lled pertformance lIs .

accomplished. it Is Important nat Just to focus on the Indlvidual assumed
mechanlisms, but rather on how the mechanisms might Interact to allow complex

© pertormance.

'. Practice ieads to the development of a large vocabulary of aufomatic
productions which perform conslistent stimulus to responsd transftormations. We
are using the term "productions" In the Newel | sense (1973, 1980; see also
Anderson, 198(h of. a generallzed condition-action rule that, when Its
appropr late stigulus condltions are satisfled, performs a glven actlon. You
might’ think of thls as .a generallzed stimulus-response mechan!sit. The terms
ot Imutus and response are not Interpreted In the llmited sense. of & physlical
stimuius and motor response. Rather, the stimuit and responses can be el ther
internal or external and may refer to classes of conditions and responses as
well a< Indlvidual Ingtances. 1t 1s Important to note that ‘the productions
pertorm only conslstent transformations. The productlions are modular and are
bultt Into heterarchlal systems. By heterarchlai, we mean the same component
production may be Involved In the grocessing ot many componeht stimull. For
erample, In reading, the same Ieﬂ%r may appear In many words, the same word In
many concepts (see Flgure 1).

Insert Flgure | about here ’ .

2. Practice makes @utomatic produyctions resource free, autonomous, fast,
accurate, and coordinated.” This is an Important princlple be‘cause resources are
freed for other processing roles and actiqps will general ly "not bey llmited by
central Information processing speed.

3. Gpanglng. the contents of short-term memory can, change .the enabllng
(test) condltlons that switch In dlfferent sets of productfons apprgprlate for a
gtven sltuatlion. Automatic productions cause actlons only If the test
conditions are satisfled. If one of the test conditlons requlres pgrticular
information In short-term memory, that productlon will be enabled only when the
appropriate information Is active. By making rapld changes In the contents of
short-term memory, the performer can enable a dlfferent strategy and hence,*
ditferent productions which are appropriate to that strategy. it 1s Important
to note that the malntenance of Information In short-term memory consumes
control led processing resources. .

+
.

. o

4, Practice can Incorporate both Irﬁernal‘jand external context cues to

enable approprlate sets of productions. %Both “¥nternal and external stimulus
h

cues can cause a strategy shift which Is theén malntalned in shpr't-term memory .

5. Practlce Improves _ch_u_uu_ng of Irpfq'rmaﬂ'n about the outputs, goal’

states, and Inputs of the sltuation.. Thls ch leng aliows very detalled
Information about rapldly changlng events to be mafntalned "In a very limited
short-term memory.

.

s

Sk1lled pertformance
- 4

Review of Emplrlical Ev*ldence and Descrlption of Mechanisms )
€ A

evidence that human performance changes qualltatively as a functlon of prartice
(see Shlffrin & Sthnelder, 1977; Schnelder, Dumals, & Shiffrin, In press). As
practice proceeds, automatlic component productlions develop to perform consistent
transformatlions. Early In practice Iimlted controlled processings resources are
allocated to the development of these new productions. Late In practice, the
developed productlons perform all of the routine transformations, and control led
processing resources are ut{lized to malntaln strategy information and time
varylng Information. *

A) Automatlc productlons and conslstent practice.

Consistent practice leads,io the development of productlons xhlch can
pertorm conslstent i'.mns.f.m:mn_ﬂ_éni By conslstent practice we mean that at some
level of processing, the actlvatlon of & node In memory Is fol lowed ‘conslstently,
by the actlvatlion of a particular node In memory (e.g., the actlvation of the
word "bear™ Is followed by the act|vation of the category node "animal™).

The Importance of consistency 1s shown In p'paradlgms that manlpulate the
mapping of stimull to responses across practlce. In a vlsual’ detectlion
paradigm, automatic processing.develops only when subJects can conslstently deal
with stlmull. For example, if every tIme you saw the letter "b"™ you pushed a
button Indicating that you saw It, the letter would be conslstentiy mapped (CM)
to evoke the button push. In a yaried mapplng (VM) paradligm, however,%s glven
stimulus can not be dealt wlth consistently over trlals. That Is, on some
trials you would be required’ to search for the letter "b"™, and you push the
approprliate button when 1t appears. On other trlals, however, you might be¢
required to search for a different letter, and you Ignore the occurrence of “b"
(because on that trlal the @er was not a member of the search set). The
Important distinctlon to be“made Is that In the varled mapping paradigm the

‘response to.the stlmulus "b" would vary across trigls; whereas, In the

conslstently mapped fparadigm the response to 'b' would not vary. Note that the
use of the term "consistency" refers to conslstency of mapping, as opposed to
conslstency of the .practice sequence. In the motor learning |lterature;
practicing of skills In a random or#ler rather than blocked order Improves

‘ performance (e.g., practicing skllls ABC In the flixed order of ARABBBCCC results

In poorer jearning than ABCBACCAB, see Shea & Morgan, 1979; also, Shea, this
volume). ! )

In a search experiment, Schnelder and Flsk (1982) examlned how the degree\
of consistency over trlals of a target determined per formince Improvement wil'
practice. On a block™~af trials, subjects searched for a gLven latter 10 times
and Indkcated the position of the target letter. The ratio of the number of
times that a letter would appear as a target versus a distractor was varled
across trials.
appeared It was a member of the search set. In the 33% conslstency cond!tion,
for every trial that a glven letter appeared as a target, It appeared on two
other trlals as a distractor whlie the subject searched for a different letter.
The results are shown In Figure 2 as a functlon of practice and degree of
consistency. The data represgnt performance over 670 search trials for each

In both the perception and motor tralnlng research there !s substantlal '

In the perfectly consistent condltion, every time a given letter -
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' letter (5600 ?oh!l triats). in the perfect consistency condition (100%
conststenf) there was substantial Improvement across blocks of practice. It th?
consistency was 338 or less, there was no beneflt of practice. Sub Jects

pestormance on the 670th search trial was equivalent to thelr performance on the
tirst search triai. There was no benefit of the 669 previcus training search
trials for that letter. We have trained subjects for over 4 months of searching
for letters In a varied mapping condltion and have' found no pertormance
Improvement after the first one or two sesslons. 3

We have examined the effects of consistency In a motor response button
pushing paradigm (Schneider & Eberts, Note 1). Sub jects were presented a
indicating the presented
diglts. There were seven different types’of digit sequences. In the conslst'en?
sequence’ the subjects always responded wlth thy same elght diglt pattera. in,
the varled condlition the eight dlglt sequence was randomiy ordered on each
trial. In the other five Ilsts, groups of digits In the sequence were
alternated between trlais. in addition to the digit tasks, ‘subjects were
required to tap o key at a,.5/second rate. This put subjects under high
workload and accénted pausesl between responses. Flgure 3 shows the proportion
of trials on*which the subject entered all elght responses correc?ly.w There
were 10 trilals per s&ssion. The accuracy of the conststent Sequence mproved‘
slowly from .4 to 1.0 over 40 trlals. The varied sequence Improved durlng the
first sesslon, but then accuracy remalned at .7. The pause data for the flrst
and last two sessions are presentpd .In Figure 4. The standard devlatlon of
respbnses after the ~first response provide an estimate«.of response ,timling
varigbllity/ For the varied condition the standard deviation was 87 msec on
sesslons ! and 2 and 87 msec on sessions 4 and 5. In the consistent sequence
the standard deviation was 55 msec for sessiops | and 2 and 43 msec for sesslons

4 and 5, In the consistent sequence the pause pattern was reduced with
practice. However, In the varied condition the pause pattern dld not change
with practice. The improvement for the consistent sequence dafa suggests

automatlc processing may be developing even with only 50 tralning trials. We
have shown simliar Improvements with small numbers of trials in perceptual
experiments (Schnelider & Flsk, Note 2). !

e

\ Insert Figure 3 and 4 about here '
/
The . motor response button pushing results appear analogous to the
perceptual experiments. Consistent practice resuited In more accurate, faster,

and more unliform responding. Varled practice had littte eftect on «per formance.
The above results suggest that practice Improves performance as a
quasl-multipticative function of the degree of caonsistency and the amount of
practice. It Is not simply practice that leads to the deveiopment of automatic
productions’ but rather consistent practice. it conslstency is beiow some
minimal level there is no benefit for practice. It there are too few P"BCNCS’
trials there Is no beneflt for consistency. -

‘ A\

L3
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In another character detection experiment :(Schnelder$ & Fisk, Note 2), we
examined whether performar-e Improvcd as a functlon of the number of searches 'or
the number of actual detections. It practice at” searching Is the key to
improving performance, searches without detections would result In a ben~fit,
However, the results showed that performance Imgroved only as a function of the
number of successful detections. Experience at searching without detectlon
actually resulted In a decrement in performance. The results suggest that tiase
automatic productions develop as a function of the overiald traces of consistent
repetitions of the approprlate stimulus response pattern.

I consistent execution Is a necessary conditlon for the development of
automatlic productlons, then mechanlsms that promote consistent responding should
promote automatic production development. We feel much of the benefit of

knowledge of results (see Adams, 1971), and the beneflts of gulded tcaining (see’

Wel ford, 197‘6), can be interpreted as promoting consistent %e‘rformance In the
learner. - ' o :

B) Modularity of automatic productlons.

Autamatic productions are modular and x!ii develop when component processes
ara consistent even if the entire task Is not. !f automatic productions could

only develop when processing was consistent from the external stimuius to the

final motor respopse, few human behaviors would be sone* by automatic
productlons. 1f however, automatic productions develop for component sklils
which are consistent, the vast majority of human skllled performance would

probably Involve such productipns,,

, In a detection paradigm, Flsk and Schneider (N6te 3) examined the effects
of consistent attending versus consistent responding. *We examined what- happens
when the sub ject always attends to a partficular ‘stimulus (l.e., 8 given f(etter)
but Is required to make an Incons!istent motor response across trlals (i.e., on
some trlals subjects responded with the actual positlon of the target, on other
trials they responded to the position opposite the target). The results showed
that the iInconsistent responding may have scmewhat slowed the development rate
of the automatic production for detecting the letter, but the inconsistent
response training did not change the asymptotic performance ievel.

In the elght digit button pushing task, somg of the dlgit sequences were

divided Into two groups of four (Schnelder & Eberts, Note 1). The order of
which group of four digits came first In the sequence alternated wlthin the
list, In this case the set was Inconsistent across trlals, but the elements

within each set of four dld maintain thelr order consistency. Figure 5 (solld
line) shows that In this case the pauses within a sot were basically eliminated
with practlce whereas the pause between sets (position 5, “the break between
conslstent components) was maintalned even after 50 trials of practice. It
automatic processing develops for the consistent components ‘and controlied
processing remalns for the Inconsistent component, we wbuld expect the data for
positions 1, 2, 3, 4, 6, 7, and 8 to show pauses Ilke Flgure 4 (consistent
responses) and ‘the varied component (position 5) to show 3 pause |lke Figure 4
(varled -responses). The "predicted" data In Flgure 5 represents the predicted
pauses -from Flgure 4. The very close agreement between the predlcted and-
observed ddta suggests that automatic processing develops to conslstent

-
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cdmponent sequencés eveh | f the total task Is not conslstent.
N . e ——— ;-- -
Insert Figure 5 about here
-~ - - — - .
of automstlc productlons shous transfer to

olgments In the same class‘of *stlmull that were tralned. In® a semantlc category
search experiment, we tralned subjects to detect’ words from a glven taxonomic
category (Schnelder & Flsk, Note 4). After tralning we tested subjects!
pertormance on words that 'erhé from the tralned categdry but héd not been
presented during the tralning period. Reactlon tlme dats showed that’ If

subjects trained on a set of elght words from & category, there was neerly,

perfect transfer (92%f) to the untralned members of the tralned "category." In
an accuracy experlmgnt, where subjects were put In a very heavy workload
condition (see betow), tralning on a subset of category member% resulted In a
72% transfer to new members of the category which were not tralned. -These data
indicate that It Is not the speclfic stimulus response pattern that must be
repeated but rather the class of stimuil and responses. ‘
Varlabiiity in Iniilal tralning can produce a more' general lzed
automatic production. iIn a» category search experiment, subfects were tralned to
detect elther 4 or B words from a category and then tested to see how well'  they
could detect untralned words from the category (Schnelder & Fisk, Note 4). The

transfer with a tralnlng set of 4 words was 60%; the transfer wlth a set of 8~

words .wac 928. The data suggest that greater varlablilty of the tralning
Instances results In more generallzation of the automatlc productlon to the
non-trained category members. Note however thah the conslstency |s malntalned
ot the category level. The subject always responds to words from the target
category .and never Iignores them. The words that the subject responds to vary
frgn trial to trisl, but at the category ievel the response Is always
conslstent.

in the motor l{lterature, variability In inltial tralnling also produces
better transfer to simllar motor responses (see Schmldt, 1975). In
sense that someone mlght learn to deal with & category of Inputs, one mlght
learn to produce a class of oltputs. {f the subject searches for a category and
always detects the same word then the automatic productlon will,be speclallzed
for that word and show [1ttle transfer to related words. in a #lide posltioning
task, learning to move to one stop wiil deveiop a skil{ falrly speclflc to -thiat
stop. When tralning to move to several stops, the automatic productlons operate
on a more general set of task features and hence, there Is more transfer to
_novel members of the tralned set. .

Anather Indication of the modular nature of these productions }s that the
tearning of the new set of productions results in transfer to the previously
developed skili. For exampie, -Kolers (1975) has shown that subjects can be
tralned to read text In whlch each of the letters are rotated 180 degrees.
After two months of trainlng (160 pages), subjects can read the rotated text at
speeds approxlmating.that of normal text. Note that #he learning to transiate
orthographic patterns Into words normally requires years of tralning. The
present data suggest that word encoding Is modular at the ietter level.

3

he same -

characters x 2 cases x 10 fonts).
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A motor Yilustratlon of thls moduler nature of the automatlc component
processes Is the learning Involved In driving a car wlth a dlfferent gear shift
pattern. Atter perhaps 20 triais one can be fairly efficient at dealing wlth a
new shift pattern. In essence, all the operator need do Is learn what posltlons
correspond to each gear.  Once thlS new Information Is tled Into the exlIstlng

structure for operating a gear shlft, performance can once agaln be automatic.
. B .
We ‘would Ilke to make & brlef comment about the efflclency of modular .
organlzation of Informatlon (see also Turvey, 1977; Turvey, Shaw, & Mace, 1978).,
Modular processing systems can be heterarchlal ‘wlth the same modual belng pari
of many dlfferent skills. In general, the number of IInks that must be learned
In a heterarchial system |Is equal to the addltlon of the number of: element
connectlons at each level, In contfrast, If stimull are mapped dlrectly from
Inltlal feature patterns to final higher level Informatlon, the number of finks
that must be learned Is a multlplicative functlon of the number of elements at
each level. To lilustrate, to learn & vocabulary- of 10,000 words In a
heterach!al process would requlre the learning of 31,080 links (10,000 words x 3
grapheme patterns per word + 160 grapheme-patterns x 3 letters: per pattern + 26
It one had to learn to map the particalar
letter fonts to the Indlvidual words one would have to learn 1,200,000 patterns
(10,000 words x 6 letters x 20 symbols [upper and fower case of 10 fonts]). In
the het‘erachlal system one can qulckly tmansfer to new fonts by Just learning
the new letter set. In the feature to word-level system one would need to
relearn atl of the vocabulary In the new font. - .

¥

"C) Practice and attentlonal resources for automatlc productions.

- A critical feature of practice Is +hat It can moke automatic producttons
resource free, Kahneman (1973) proposed that attention was an undl fferentlated
resource pool, and that ail processing tasks consumed resources from this
tImited pool. The proposal that all processes consume, signl ficant resources
from one [Imlted pool implles #hat there is an upper Iimit to human processing
capaclty. Our research proposes that automatlc productlons can become
effectlvely resource free. Hence, there Is no fiecessary. limlt to the number of
automatlc processes which can be actlve at any one time.

. A number of experiments carriéd: out In our taboratory Indicate that
subjects can conturrently perform complex automatic and control fed Jprocessing
with no significant deflclt In elther task. One experiment requlired subjects to
concurrently perform a dual task serial diglf recall and visusl category search
(Fisk & Schnelder, In press). In the dlgit recall task elght random digits were
presented sequentlaliy, oné every 1.6 -seconds. At the end of the sequence
subjects entered the elght digits on, a keyboard. There were three segrch
conditlons. In the CM-4 search condition, the subject responded every tIf a
word occurred from one of four categorles’(l.e., frilt, hody parts, furnlture,
or animais). Words from ,the -four categorles that were conslistently mapped
always appeared gs tardets.and never appeared as distractors. in the VM-1
conditlon, subjects searched for words from a single-category but the words were
varlably mapped. For example, the word RIFLE might requlre a response on one
whlie searching for WEAPONS, but that word might be a distractor 6n the
next trial while searching for TREES.

Ry

In the VM-2 condltlon subjects searched, , .
for words*from two categorles. In the search tasks, subjects searched #wo words i "
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every 1.6 seconds responding If elther of the words matched any' of; the trials. We fraquent|y obsrve automatlc type behavlors (l.e., little resource
categories. Subjects performed diglt span and.search tasks as single tasks and sensltlvity, largeyd!fierences between M and VM) after two hours of tralming.
combihed them In dual task condittons. In "the dual task conditions subjects
were strongly encouraged to emphhsize the dlgit task and malntain duai task With sufficlent overlearning, motor performance tasks can be executed w!th
diglt perforrance at j?ng]e task levels. ¢ : no apparent attentional resources. Allport, Antonls, and Reynolds (1972)
. : 9, demonstrated that skliled planlsts could shadow verbal messages while slga,' .
The results show that, after some 600 trlals of tralning, subJects could \ readfng music wlthout deficlts In elther task. Colle and DeMaio (1978) foukd i
malntaln the diglt recall at 6.5 diglts in both the single and dual task that highly tralned ptlots co perform compiex alrcraft formation maneuvers . ~
condltlons. The search results are presented In Flgure’ 6. In the CM-2 with no def@lclt while dliglt cancé{ling. .
condition there was only a small (2%) non-signtflcant dual task decrement when . Lo : ~ ’ .
switching from the single to dual task conditions. In the VM-1 condition the In perceptual and motor tasks, extensive trainlng on consistent tasks ¢
. decrement was 26%. In the YM-2 condition the decrement was 43%. reduces the resources needed to perform the ‘task. This reductlon In resource
R sensitivity of the automatic component production Is lmpor?ant\bec’ause; a) It
‘ : - ; makes the automatic productlons more rellable; and b) It frees resources to
, . N _Insert Flgure 6 about here X elther develop new productions or to malntain temporary Iinformatfon In
K ’ ) . shor t-term memory (see wu).
“ . . . . ) ,
"4+ These results support the hypothesis that automatic processing can be done . R ) ‘ -
with Iittle or no measurable resource cost. In the CM-4 condition subjects D) Loss of dlrect control of productions. . C o
coutd, carry on a diglt span task and simultaneously determine whether each of 16 3 B N ;-
words; ‘were members of four categories with mo dual tack detlcit.  HWe have : makas putomatlc productions , reducing direct consclous '
fepllcated the nearly resource free (M search In two-other .experiments requiring control of the subject. Training develops a productlon that will be executed
decldions to be made every 400 and 200 msec with eyulvalent results (Schnelder & whenever the test condltions are satisfled. Hence, atter. sufticient tralning’
Fisk] 1982a). \ Although we find no statistical evidance of resource cost, It is the productions will execute even when the subject does not consclously Intend
. . possible that ‘with additional tests one could find a significant decrement In for the behavliors to occur. In a detection search experliment (Shiffrin &
pertormance. We have shown that tasks which origipally required all gvallable = Schneider, 1977, Experiment 4d), subjects were trained to detect dlgits in
resources (l.e., resource }imited) can, after sufficlent practice, be performed frames of 4 characters presented every 200 msec. Thereafter subjects were
g with no measurable cost. Whether there is a 98% reduction In required resources = réquired to parform a varlied mapping .search for letters along one’dlagonai of
or 1008 Is not critical to the arguments made here (see also Schnelder & Flisk, each -frame. In additlon, subjects were toid that diglts would sometimes appear
- 1982a) . . on the other dlagonal but these were.folls and were supposed to be Ignored.
. ! ) - . : These folls were automatic folls -- in that fhe subjects. had prevlously recalved
- it shouid be emphasized that practice makes CM performance apparently over 10,000 trials of conslstently responding to.'the digits. Sub Jetts! .
resource frﬁe but has, I1ttle effect on VM performance. In the above category detection for searched letters without folls was 84%,° detection when the foll ¢
search and Mo other experiments, with extensively practiced subjects, we have appeared on the same display as the target letter detection dropped.to 62%, and
found .their VM performance does not become resource free. o, If the foll appeared In the display ‘atter thq detected letter, detection
apparently resource free automatlc productlons for consistent processing but performance dropped to 77%. The results -show that automatic folls Inter fere- . -
does pot reduce resources needed for a varled processing task. «vith the processing of letters on the attended didgonal. This Jn?er‘fepence -~ -
* occurred on the same frame as the target fetter and when the folls occurred 200 -
Ihe apparently resource free processing eccurs iyplcally only atter . ysec after the target letter. In essence, these automatic productlonms can
. iIn a letter search experiment, we found that Interrupt ongolng process!ng even when the subject Is directed to Ignore these _/ -

2l overfraining
subjects' CM 