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Abstract 

Although there is considerable evidence that visual stimuli are 

processed in a parallel and capacity-free manner, recent data suggest 

that letter perception is a limited capacity process in at least some 

situations. Research on practice effects in perception has been 

interpreted as indicating that perceptual tasks that initially demand 

attentional capacity can be performed in an automatic and capacity-free 

manner after much consistent practice. The present research 

investigated the effect of practice on the attentional demands of 

processing a multi-stimulus letter display. The results showed that 

practice did not eliminate capacity limitations although there was 

evidence of a decline in the capacity demands of the feature 

integration stage of perception early in practice. The fact that 

capacity limitations generally persisted throughout the experiment 

suggests that there is at least one other source of limited capacity 

processing in letter perception and that this source is much less 

affected by practice. 
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The Effect of Specific Practice on the Capacity Demands of 

Detecting a Target Letter Among Two Types of Distractors 

When attention is directed to one of several simultaneously 

presented stimuli, there is typically an impairment in the perception 

of the other stimuli. This suggests that there is a limit to the 

number of stimuli that can be processed at one time. Broadbent (1958) 

investigated this apparent limitation with a dichotic listening task in 

which separate spoken messages were presented to each ear 

simultaneously and the subject was to repeat back or shadow one of the 

two messages. When questioned regarding the unattended message, 

subjects were unable to report the meaning of that message although 

they could report lower level information such as a change in the 

speaker’s voice. Broadbent (1958) concluded that although the 

extraction of certain types of information (i.e., meaning) is dependent 

on attention, at least some information is extracted from stimuli 

whether they are attended or not. 

Based on his dichotic listening research, Broadbent (1958) proposed 

a model of perception in which it was postulated that stimuli are 

processed at two distinct levels. Initially, all stimuli are processed 

in parallel and without capacity limitations. An attentional selector 

then passes stimuli from the first level to the second level for 

further processing. However, second level processing is limited in 

that stimuli from only one input channel (e.g*, one ear) can be 

processed at a time. Attentional effects, therefore, result from the 

limited manner in which stimuli are processed at the second level. 
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Because Broadbent’s (1958) subjects could not report the meaning of 

unattended messages, he concluded that meaning is derived at the second 

level whereas only low level physical information is derived at the 

first level. 

This model subsequently became known as a filter model because of 

the presumed manner in which unattended stimuli were effectively 

filtered out of the second level by the attentional selector. This 

notion was rather quickly dispelled, however, when it as shown that 

stimuli could sometimes "break through" even though they were not 

attended. For example, Moray (1959) employed a dichotic listening task 

in which the unattended message contained either the subject’s own name 

or a short list of neutral words which were repeated over and over. 

Subjects were able to detect their own name when presented to the 

unattended ear although they showed no improvement in a subsequent 

recognition test for the repeated words. This shows that stimuli that 

are in some sense "important" to the subject can be perceived without 

attention. 

Treisman (.1960) also employed a dichotic listening task and found 

that subjects would begin shadowing the unattended ear if the two 

messages were suddenly switched and the next few words were highly 

probable given the previous context on the attended ear. What is 

important is that the basis for this breakthrough is semantic in nature 

since switching to a message which contains less probable words does 

not produce the breakthrough} i.e., shadowing continues on the same ear 

after the switch. These findings demonstrate that the selector does 

not "filter" unattended stimuli with 100Î efficiency. Contrary to 



Broadbent’s (1958) original formulation, it therefore appears that 

stimuli are at least sometimes analyzed for meaning even though they 

are not attended. 

Although Broadbent's (1958) original filter model has not stood the 

test of time, it has been valuable in suggesting that perception 

involves two stages of processing, the first of which is capacity-free. 

Subsequent theorizing has focused primarily on the issue of selection 

and the extent to which stimuli are processed at the first level prior 

to selection. To illustrate, if semantic information is available 

without attention as Moray’s (1959) and Treisman’s (1960) results 

suggest, then level one processing would seem to be quite extensive, 

implying that selection occurs rather late in perception. Some authors 

have, in fact, suggested that capacity limitations occur only during 

post-perceptual processing such as rehearsal, memory scanning, and 

response selection (see Deutsch & Deutsch, 1963» Duncan, 1980; and 

Shiffrin, 1975 for accounts of this nature). 

Treisman (1964), however, provided an explanation of her own data 

which retains the assumption that only low level information is 

available at level one. According to this view, unattended stimuli are 

not completely filtered out, but are attenuated relative to attended 

stimuli. Attention is still assumed to affect perception at an early 

stage, although the meaning of some stimuli may be derived without 

attention. Presumably this applies when stimuli are highly expected or 

important. The reader is directed to Broadbent (1971, 1982) for 

arguments favoring this interpretation. 
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A slightly different approach to the early versus late selection 

controversy focuses on the issue of capacity limitations. Since level 

one processing is assumed to be capacity-free, the processing of 

stimuli at the first level should be relatively unaffected by the 

number of stimuli present. A measure of the extent of level one 

processing can therefore be obtained by determining how much 

information is extracted from stimuli without signs of capacity 

limitations. 

Evidence in the area of visual perception is generally supportive 

of the view that stimuli such as numbers and letters undergo extensive 

analysis in parallel and without capacity limitations (Duncan, 1980} 

Eriksen & Spencer, 1969} Shiffrin & Gardner, 1972). Perhaps the 

strongest evidence has come from studies employing a simultaneous/ 

successive detection task (Duncan, 1980} Shiffrin A Gardner, 1972). In 

this paradigm, which is a refinement of one developed by Eriksen and 

Spencer (1969)» there are two presentation conditions: In the 

simultaneous condition, four stimuli are presented at the corners of an 

imaginary square and the task is to determine whether a particular 

target stimulus appeared at any of the four display locations. In the 

successive condition, each diagonal is presented successively at an 

exposure duration equal to that used in the simultaneous condition and 

a single response is entered after the second presentation. Thus in 

both conditions, the subject's decision is based on having viewed four 

stimuli, each for an equal duration of time. However, the attentional 

load for successive presentations is always half that for simultaneous 

presentations. Therefore, if target identity is derived in a limited 
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capacity manner then detection performance with successive 

presentations would be expected to exceed that with simultaneous 

presentations. 

Shiffrin and Gardner (1972) presented letter targets among 

confusable letter-like hybrid distraetors and found no difference 

between simultaneous and successive presentations. Duncan (1980) 

presented any one of eight digits among letter distraetors and reported 

a consistent but nonsignificant advantage for successive presentations. 

In both cases it was concluded that stimuli were fully identified in 

parallel and without capacity limitations. 

Although the evidence for capacity-free processing of letters and 

numbers appears quite convincing, Treisman and her colleagues (Treisman 

A Gelade, 1980} Treisman, Sykes & Gelade, 1977) have recently proposed 

a feature integration theory of attention according to which capacity 

limitations are sometimes encountered during the early stages of 

perception. The theory states that only basic stimulus features such 

as colors, lines, angles, and curves are derived in parallel and 

without capacity limitations. These features are assumed to be "freely 

floating" spatially in that they are not localized with respect to the 

particular stimulus location form which they were derived. Attentional 

capacity is required to correctly conjoin features into unitary 

objects although features may be conjoined without attention based on 

context and experience. In this latter case, however, the possibility 

of errors may lead to the perception of "illusory" conjunctions. 

Evidence supporting the feature integration theory was obtained in 

a number of experimental paradigms; the results of a visual search task 



(Treisman & Gelade, 1980, exp. H) are particularly relevant for the 

present discussion. In one condition (conjunction) subjects searched 

for a target letter (e.g., "R") which was composed of features that 

were also shared by the distraetor letters (e.g., "P" and WQ"). These 

characters were such that the "tail" of the "Q" could be combined with 

the "P" to form an "R". The target, therefore, could be discriminated 

from the distractors only by identifying a conjunction of features 

rather than a single feature alone. It was predicted that in order to 

avoid errors, attention would have to be allocated to display locations 

serially so that features in each location could be correctly 

conjoined. In a second condition (similarity), subjects searched for 

the same target letter among distractors that were more confusable when 

considered individually (e.g., "P" and nB"), but for which features 

could not be incorrectly conjoined to form "illusory" targets. Because 

there was no possibility for conjunction errors in this case, it was 

predicted that some form of nonserial search would be employed. 

Search times in the conjunction condition were a positive linear 

function of set size with the positive slope equal to one half the 

negative slope: results consistent with a serial, self-terminating 

search process. Search times in the similarity condition were a 

positive, but negatively accelerated function of set size with the 

positive slope approximately one fourth the negative slope. Search in 

this condition was, therefore, not entirely serial. These data 

question the conclusions of Duncan (1980) and Shiffrin and Gardner 

(1972) that letter identification occurs in parallel and without 
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capacity limitations. In particular, when conjunction errors are 

possible it appears that parallel processing is impossible. 

David Lane and I (note 1) have recently completed an experiment 

designed to test predictions of the feature integration theory using 

the simultaneous/successive detection paradigm. We employed three 

stimulus conditions: (1) In the conjunction condition, the target 

stimulus was the letter "R" and the distractors were the letters "P" 

and "Q". Again, these letters were such that a target "R" could be 

made from separable features of the "P" and "Q" distractors. From the 

results of Treisman and Gelade (1980), it was predicted that this task 

would place high demands on available attentional capacity thus 

producing an advantage in detection performance for the successive 

presentations. (2) In the similarity condition, the target was an "R" 

and the distractors were the letters "P" and "B". Shiffrin and Gardner 

(1972) had previously reported no difference between simultaneous and 

successive presentations when highly confusable stimuli are used so we 

expected to replicate their results in this condition. (3) As a 

control condition, subjects saw numeral targets among letter 

distractors. These were the stimuli of Duncan (1980) for which no 

significant differences were found between simultaneous and successive 

presentations. 

Successive presentations were significantly better than 

simultaneous presentations in both the conjunction condition (R/PQ) and 

the similarity condition (R/PB). Consistent with Duncan's (1980) 

results, no significant differences were obtained with the number/ 

letter stimuli. A particularly important finding for the feature 
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integration theory was that the difference between simultaneous and 

successive false alarm rates was significantly larger in the 

conjunction condition (R/PQ) than in the similarity condition (R/PB). 

This suggests that as attentional load increases, feature conjunction 

errors become more likely, thereby increasing the tendency to perceive 

"illusory" targets. 

The significant difference between the simultaneous and successive 

presentations obtained with the R/PB stimuli was somewhat unexpected in 

light of the finding of Shiffrin and Gardner (1972) that confusable 

stimuli are identified without capacity limitations in this paradigm. 

However, these results are not necessarily inconsistent with the 

feature integration theory in that processing in this case may be 

parallel, but of limited capacity (Treisman & Gelade, 1980). 

Although the notion of capacity-free processing would seem to 

accurately describe the number/letter condition, it appears that this 

concept may be limited in its generality. Although it is not clear how 

to best interpret the R/PB results, it does appear that when 

conjunction errors are possible the locus of capacity limitations is at 

the feature integration stage of perception. 

Automatic processing and capacity limitations 

Over the past several years there has been an upsurge of interest 

regarding the nature and development of automatic processes in 

perception and attention (see LaBerge, 1981; and Shiffrin, Dumais & 

Schneider, 1981 for recent discussions). The basic finding is that 

with consistent and prolonged practice, perceptual tasks which 

initially place high demands on attentional capacity can be performed 
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in an automatic and capacity-free manner. For example, Schneider and 

Shiffrin (1977, exp. 1) reported that after approximately 2000 trials 

in which subjects always saw the same digit targets among letter 

distractors, detection accuracy with a memory set of four and a display 

size of four was essentially equivalent to that obtained with a memory 

set of one and a display size of one. From results such as these, 

Schneider and Shiffrin (1977) argued that two qualitatively different 

modes of processing could be identified: controlled search which 

requires attentional capacity, is greatly affected by memory load and 

display size, and is easily modified by the subject, and automatic 

detection which requires no attentional capacity, is relatively 

unaffected by perceptual load and is unavoidable (not under conscious 

control). LaBerge (1981) has pointed out that although precise 

agreement on definitions of automaticity is lacking, two 

characteristics are almost universally cited: 1) automatic processes 

are free of capacity limitations and 2) automatic processes are 

unavoidable. 

The notion that automatic processing is capacity-free suggests an 

interesting question concerning the results of Lane and Kleiss (note 

1): Would consistent practice using the simultaneous/successive 

detection paradigm lead to an automatic mode of detection such that 

differences between simultaneous and successive presentations would be 

eliminated? This question is particularly interesting when conjunction 

errors are possible since processing in this case appears to be 

strictly serial in nature (Treisman & Gelade, 1980). 
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There is very little research which bears directly on the issue of 

practice effects in detection paradigms, particularly when frame size 

manipulations are employed. However, Schneider and Shiffrin (1977) and 

Shiffrin and Schneider (1977) conducted a series of experiments in 

which subjects saw a rapid sequence of twenty stimulus displays 

(frames) containing from one to four stimuli each. The number of 

possible targets (memory set size) was varied from one to four and the 

task was to determine whether or not a memory set item had appeared in 

any one of the frames. When target and distractor sets were intermixed 

on a trial by trial basis, there was a large separation in both hit and 

false alarm rates as a function of frame size and memory set size. 

These differences remained large even after more than 2000 trials of 

practice. However, when target and distractor sets were held constant, 

detection performance was much improved such that differences tended to 

disappear after practice. Schneider and Shiffrin argued that the 

failure to obtain large differences among the different levels of each 

variable was evidence of a switch from controlled search to an 

automatic and capacity-free mode of processing. 

One might conclude, therefore, that attentional effects resulting 

from frame size differences would disappear with consistent practice. 

Although it is clear that overall performance was quite good after 

practice, a potential problem exists with the above interpretation in 

that the targets were always numbers whereas the distractors were 

always letters: a stimulus combination which has been shown to be less 

sensitive to frame size manipulations (Duncan, 1980; Lane & Kleiss, 

note 1). 



12 

In another experiment, Shiffrln and Schneider (1977, exp. M) 

presented consonant targets among consonant distractors and again 

concluded that automatic detection had developed. Although these 

stimuli more closely approximate those of Lane and Kleiss (i.e., letter 

targets among letter distractors), there are two additional problems 

which make a straightforward prediction regarding the simultaneous/ 

successive paradigm difficult. First, frame size was held constant at 

two while memory set size was varied from two to four. Although 

overall hit probabilities for these two conditions were very close 

after practice, the absence of a frame size manipulation allows very 

little to be said about the effect of practice on this particular 

variable. He can only conclude, therefore, that consistent practice 

tends to eliminate memory set size effects, but that it is still 

unclear whether extended practice affects frame size variables in the 

same manner. 

More important, although the stimuli of Shiffrin and Schneider 

(1977) were selected for confusability, none of the targets were 

defined by conjunctions of separable features which were also shared by 

the distractors. In fact, there appears to be no available data 

regarding the effect practice on detection of briefly presented 

conjunction targets. Using a visual search task, Schneider and Bberts 

(1980) and Treisman and Gelade (1980) gave subjects extensive practice 

with targets defined by conjunctions of shape and color (i.e., a red 

square among red circles and green squares). In both cases, even after 

considerable practice (over 10,000 trials in the case of Schneider and 

Eberts, 1980), performance for conjunction targets did not equal that 
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for targets defined by a single feature alone. Treisman and Gelade 

(1980) concluded that there was no sign of a shift from serial to 

parallel processing and suggested that search for conjunction targets 

is a highly capacity demanding process even after practice. Differing 

with this conclusion, Shiffrin, Dumais and Schneider (1981) pointed out 

that set size function slopes in the Schneider and Eberts (1980) 

experiment continued to decline with practice and argued that this was 

evidence of developing automaticity. Although this may well be the 

case, it is not clear how many additional trials would actually be 

considered adequate to render a final decision. It would therefore 

seem prudent to conclude that even though search for conjunction 

targets becomes more efficient with practice, the automization of shape 

and color conjunctions is a long and laborious process, if it occurs at 

all. 

It should be pointed out, however, that the target stimuli of 

Schneider and Eberts (1980) and Treisman and Gelade (1980) were defined 

by conjunctions of features which varied along two different stimulus 

dimensions (shape and color). In contrast, the target "R" of Lane and 

Kleiss (note 1) was defined by a conjunction of features which varied 

along the single dimension of shape. It is possible that practice at 

detecting this kind of conjunction would produce results more clearly 

supporting the automaticity hypothesis. Interestingly, although 

Treisman and Gelade (1980) favor the view that perception of shape and 

color conjunctions is always a capacity demanding process, they admit 

to the possibility that letter features may become unitized with 
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practice thus accounting for the qualitative changes in performance 

reported by Schneider and Shiffrin (1977). 

LaBerge (1973, 1975, 1981) argued for a theory of automaticity in 

letter perception which is consistent with this view. Similar to the 

feature integration theory of Treisman and Gelade (1980), LaBerge 

suggests that features of letters are perceived in parallel and without 

capacity limitations. The initial effect of practice in a letter 

perception task is to facilitate the perception of relevant target 

features while at the same time inhibiting perception of irrelevant 

features. Although this process results in more efficient perception, 

features must still be organized into a higher level letter code. This 

corresponds to feature integration in the terminology of Treisman and 

Gelade. According to LaBerge, this step requires attention during the 

early stages of practice, but continued practice results in the 

development of a unitary code for the set of features which define the 

target letter. At this point attention, instead of being focused 

narrowly on features, is focused more widely on the array of features 

which compose the letter pattern as a whole. In this way, the 

attentional demands of feature analysis are bypassed and whole letter 

codes are activated automatically. Given this view, the perception of 

"illusory" conjunctions would presumably be eliminated with practice 

since the code for a particular target letter would be activated only 

when the appropriate local combination of features is present. 

In summary, much of the available evidence suggests that stimuli 

such as numbers and letters are identified in parallel and without 

apparent limitations in processing capacity. However, a recent 
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experiment by Lane and Kleiss (note 1) indicates that this conclusion 

is limited in its generality. Using the simultaneous/successive 

detection paradigm, evidence of capacity limitations was obtained both 

with highly confusable stimuli and with stimuli whose basic features 

could be incorrectly conjoined to form "illusory" targets. 

Recent research on practice effects and automatic processing in 

perception has been interpreted as indicating that highly demanding 

tasks can be performed in an automatic and capacity-free manner after 

much consistent practice. The present research investigates the effect 

of practice on letter perception using the simultaneous/successive 

detection paradigm. Most generally, the purpose of this experiment is 

to determine whether or not consistent practice will reduce or 

eliminate the performance differences between simultaneous and 

successive presentations. In particular, will this occur when 

conjunction errors are possible? 

Method 

Subjects 

Four female and two male subjects participated in the experiment. 

Ages ranged from 18 years to 30 years. Five subjects were paid 

volunteers and the sixth was the experimenter. 

Design 

Two different stimulus sets (targets and distractors) were employed 

and these were varied between subjects. Targets never served as 

distractors and distractors never served as targets. Presentation 

condition (simultaneous or successive) and distractor condition 

(similarity or conjunction) were varied within subjects. Each practice 
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session was devoted to either the similarity condition or the 

conjunction condition and these were alternated on a session by session 

basis. 

Apparatus and stimuli 

All stimulus events were controlled and timed by a Radio Shack 

TRS-80/Model I microcomputer. Because the CRT is refreshed every ’ 

1/60th of a second (16.67 msec), stimulus presentation was in multiples 

of 60th*s of a second. 

Each stimulus letter subtended .62 degrees visual angle in height 

and .31 degrees visual angle in width at a viewing distance of 37cm. 

Four patterned stimuli (#) of the same dimensions as the letters were 

used as masks. Stimuli were presented in a slightly rectangular 

configuration separated edge to edge by a distance of 2.17 degrees 

visual angle horizontally and 2.00 degrees visual angle vertically. A 

plus sign (+) was presented in the center of the display and served as 

a fixation point. Viewing distance was held constant by means of a 

stationary chin rest. 

Two complete target/distractor sets were selected from Treisman and 

Gelade (1980). For one set, the target was the letter "R" and the 

distractors were "Pn and WB" (similarity) or "P" and "Q" (conjunction). 

These were the stimuli used by Lane and Kleiss (note 1) which provided 

evidence supporting the feature integration theory. For the second 

stimulus set the target was an "N" and the distractors were "V” and "W" 

(similarity) or wVn and "H" (conjunction). These were chosen in an 

attempt to generalize the findings of Lane and Kleiss to a new set of 

stimuli. Figure 1 shows a 7 X 5 dot matrix representation of each 
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stimulus character as It appeared on the CRT. It should be noted that 

because of the shape of the characters generated by the TRS-80 system, 

a potential problem existed in the N/VH conjunction condition. The 

diagonal of the letter "V", which presumably combines with the vertical 

lines of the "H" to form an "illusory" target "N", did not exactly 

correspond to the diagonal of the letter "N" on the CRT. Furthermore, 

the vertical lines of the "W" character may also have allowed for the 

formation of "illusory" conjunctions in the similarity condition. 

However, because of the relatively limited number of characters which 

can be used in this condition, it was decided to proceed as planned. 

Procedure 

Subjects participated in 20 daily sessions of approximately one 

hour each. No more than three days passed between consecutive sessions 

for any subject. The average length of time to complete all 20 

sessions was 27 days. 

Half of the subjects were randomly assigned the target letter "R" 

(with appropriate distractors) and half were assigned the target letter 

"N". The first session began with a description of the procedure 

followed by five demonstration trials with simultaneous presentations 

and five with successive presentations. A relatively long stimulus 

onset asynchrony (SOA) of approximately 250 msec was used for all 

demonstration trials. 

The events of a simultaneous trial were as follows: The fixation 

point appeared for a duration of 500 msec followed immediately by the 

display of four stimulus characters. The stimuli remained visible for 

t msec (t=S0A, determined individually for each subject) and then were 
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masked by the four patterned stimuli (#) for 500 msec. A visual prompt 

to enter a response appeared and a "yes" button was pushed to indicate 

a target had been detected and a "no" button was pushed otherwise. The 

next trial began one second after the response button was pushed. 

Each successive trial began with the 500 msec fixation point as 

before. Two separate displays immediately followed the offset of the 

fixation point in succession. In the first display, stimulus 

characters appeared in the upper-left/lower-right diagonal while masks 

appeared in the remaining two display locations. The stimuli were 

masked after t msec and the four masks remained visible for 500 msec. 

At this point, the fixation point reappeared for 500 msec and the 

second display was presented containing stimulus characters in the 

upper-right/lower-left diagonal with masks in the other two locations. 

The stimuli were again masked after t msec and then a single response 

was entered indicating that a target had or had not appeared in 

either of the two displays. 

The S0A at which training began was determined individually for 

each subject in the following manner: An SOA of approximately 116 msec 

was selected and 10 simultaneous trials were presented. If the subject 

made more than 9 or fewer than 7 correct responses, the SOA was 

adjusted up or down by 1/60th of a second accordingly. If accuracy was 

within the range the desired range, an additional 10 trials were 

presented. The session proper began at the SOA at which the subject 

made between seven and nine correct responses for two consecutive sets 

of 10 trials. A separate SOA was determined for each of the two 

distractor conditions (similarity/conjunction). 
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Sessions were composed of six blocks of trials: three simultaneous 

and three successive, presented in alternating order. There were 56 

trials per block with the first six serving as practice and not 

figuring in the results. Stimulus locations were determined at random 

with targets appearing randomly on half of the trials in each block. 

Response accuracy was checked after each pair of simultaneous/ 

successive trial blocks and the SOA was adjusted up or down by 1/60th 

of a second in order to maintain accuracy within the range of 65^ to 

90Ï. Subsequent sessions of the same distractor condition (similarity 

or conjunction) began with the SOA indicated by the percent correct of 

the last two blocks of the previous session. In the event that the 

accuracy criterion was exceeded at the lowest possible SOA (16.67 

msec), the screen contrast on the CRT was adjusted slightly to restore 

performance within the desired range. 

Subjects were told that speed was unimportant in responding and to 

attempt to be as accurate as possible. Subjects were allowed to rest 

between trial blocks if they wished. 

Results 

Figure 2 shows the mean hit and false alarm rates for simultaneous 

and successive presentations as a function of practice sessions in each 

distractor condition. At the right of each graph are the means 

collapsed across practice sessions. Inspection of these collapsed 

means reveals that there was a consistent advantage for successive 

presentations both in terms of higher hit rates and lower false alarm 

rates. The size of the successive advantage does not appear to depend 

on the type of distractor. 
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SIMILARITY CONDITION 21 

CONJUNCTION CONDITION 

PRACTICE SESSIONS 

Figure 2. Mean hit and false alarm rates plotted as a function 
of practice session in each distractor condition. The collapsed means 

are shown at the far right (X = successive, 0 = simultaneous). 
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There was a general tendency for hit rates to decline across 

practice sessions and for false alarm rates to increase across practice 

sessions. This effect likely resulted from the method for adjusting 

exposure durations which could only be reduced by 16.67 msec. 

Consequently, as exposure durations became briefer with practice, the 

proportional decrease with each adjustment became larger. Thus, the 

drop in performance which followed each adjustment also became larger. 

In general, there is little indication that simultaneous/successive 

differences changed in any systematic way as a function of practice. 

In the similarity condition, there was a clear advantage for successive 

hit rates in each of the ten practice sessions and for successive false 

alarm rates in all but Session 6. Even in this case, however, an 

accompanying hit rate difference suggests that performance is not 

equivalent in the two presentation conditions. Further, false alarm 

differences were again present in Sessions 7-10. 

In the conjunction condition, the pattern is slightly different in 

that there appears to be a gradual tendency for simultaneous/successive 

hit rate differences to become smaller with practice and actually 

disappear by Session 9. However, an accompanying false alarm 

difference again suggests that performance in the two presentation 

conditions is not equivalent. Furthermore, a sizable hit rate 

difference reappears in Session 10. The pattern of progressively 

smaller differences is not reflected in false alarm rates although they 

do become equal in Session 10 (again, note the hit rate difference). 

However, simultaneous/successive differences in Sessions 6-9 actually 

become progressively larger with practice rather than smaller. 
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N/VH - CONJUNCTION 
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Figure 3» Mean hit and false alarm rates plotted as a function 
of practice session for the N/VW (similarity) and the N/VH 

(conjunction) stimulus sets (X : successive, 0 = simultaneous). 
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R/PB - SIMILARITY 

R/PQ - CONJUNCTION 

PRACTICE SESSIONS 

Figure 4. Mean hit and false alarm rates plotted as a function 
of practice session for the R/PB (similarity) and the R/PQ 

(conjunction) stimulus sets (X s successive, 0 = simultaneous). 
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Figures 3 and 4 show the data from the N-target stimulus set and 

the R-target stimulus set separately. From these figures it can be 

seen that the simultaneous/successive difference was larger for the 

R-target stimulus set. The mean difference for this set was .07 

whereas the mean difference for the N-target stimulus set was .04. 

Also, note that in the N/VH conjunction condition the difference 

between simultaneous and successive presentations was eliminated by 

Session 7 whereas differences in the other three stimulus conditions 

did not appear to be declining appreciably even at the end of the 

experiment. Finally, it is important to note that in Session 1 the 

false alarm difference with R/PQ stimuli was much larger than with R/PB 

stimuli, thus replicating the results of Lane and Kleiss (note 1). By 

Session 2, however, this effect had essentially disappeared. 

The hit data and the false alarm data were each subjected to a 

repeated measures analysis of variance with stimulus set (R/PB,PQ or 

N/VW,VH) serving as a between subjects variable and practice session 

(1-10), distractor condition (similarity/conjunction), and presentation 

condition (simultaneous/successive) serving as within subjects 

variables. A trend analysis was performed in which only the linear 

component of the session variable was used. The results of these 

analyses are summarized in Table 1 for hit rates and Table 2 for false 

alarm rates. Inspection of Table 1 reveals that hit rates declined as 

a linear function of practice session (see earlier discussion regarding 

adjustment of SOA’s) and the rate of decline was greater in the 

similarity condition than in the conjunction condition. More 
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Table 1 

Analysis of Variance Summary Table 
for Hit Rates 

Effect df MSq F P 

Target 1 .0299 0.15 .717 
Error 4 .1972 

Session(L) 1 .6887 87.60 .001 
Ses(L) X Tar 1 .0275 3.50 .135 
Error 4 .0171 

Distractor 1 .0105 2.83 .168 
Dist X Tar 1 .0003 0.09 .718 
Error 4 .0037 

Ses(L) X Dist 1 .0089 8.10 .047 
Ses(L) X Dist X Tar 1 .0028 2.58 .184 
Error 4 .0011 

Presentation 1 .1685 46.09 .003 
Pres X Tar 1 .0183 5.00 .089 
Error 4 .0037 

Ses(L) X Pres 1 .0157 2.77 i 171 
Ses(L) X Pres X Tar 1 .0004 0.07 .798 
Error 4 .0030 

Dist X Pres 1 .0005 0.20 .678 
Dist X Pres X Tar 1 .0005 0.20 .677 
Error 4 .0027 

Ses(L) X Dist X Pres 1 .0003 0.15 .716 
Ses(L) X Dist X Pres X Tar 1 .0046 2.12 .219 
Error 4 .0022 
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Table 2 

Analysis of Variance Summary Table 
for False Alarm Rates 

Effect df MSq F P 

Target 1 .0031 0.06 .824 
Error 4 .0554 

Sesslon(L) 1 .1960 9.93 .035 
Ses(L) X Tar 1 .0374 1.90 .241 
Error 4 .0110 

Distraetor 1 .0064 3.88 .120 
Dist X Tar 1 .0254 15.36 .017 
Error 4 .0017 

Ses(L) X Dist 1 .0142 0.94 .387 
Ses(L) X Dist X Tar 1 .0004 0.03 .881 
Error 4 .0151 

Presentation 1 .1771 18.06 .013 
Pres X Tar 1 .0201 2.06 .225 
Error 4 .0098 

Ses(L) X Pres 1 .0055 0.57 .492 
Ses(L) X Pres X Tar 1 .0005 0.05 .832 
Error 4 .0100 

Dist X Pres 1 .0028 1.46 .294 
Dist X Pres X Tar 1 .0049 2.57 .184 
Error 4 .0019 

Ses(L) X Dist X Pres 1 .0077 2.10 .221 
Ses(L) X Dist X Pres X Tar 1 .0010 0.28 .623 
Error 4 .0037 
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important, successive presentations yielded significantly higher hit 

rates than simultaneous presentations. 

Inspection of Table 2 reveals that false alarm rates increased as a 

linear function of practice session. In addition, the difference 

between conjunction and similarity false alarm rates was larger for 

Retarget stimuli than for N-target stimuli. Finally, successive 

presentations yielded significantly lower false alarm rates than 

simultaneous presentations. 

Because of the relatively low power of the above analyses, each 

subjects's data were also analyzed individually. For this purpose each 

response obtained from a given subject (yes = 1.0, no = 0.0) was taken 

to be a mean response rate for a subject in a hypothetical sample of 

6000 (the total number trials in the experiment). These data were then 

divided into two subsets of 3000 observations each; one for trials on 

which a target was presented (hit rate) and one for trials on which no 

target was presented (false alarm rate). Each of these subsets was 

subjected to a 10X2X2 analysis of variance with practice session, 

distractor condition, and presentation condition serving as grouping 

factors. Although this particular approach violates the assumption of 

independent scores, the extremely large number of degrees of freedom in 

the error term (2960) can be reduced by a very large proportion without 

serious consequences (Pearson & Hartley, 1970). 

Results of the individual analyses are shown in Table 3 for hit 

rates and false alarm rates: Only the £ values for the most relevant 

main effects and interactions are reported. Not all of the interaction 

effects were in the same direction: Exceptions are noted. At the far 
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Table 3 

Probabilities from Individual Analyses 

Target 

N R 

Com- 
Effect Sub! Sub2 Sub3 Sub4 Sub5 Sub6 bined 

Hits 

Pres .002 .001 .376 .001 .001 .001 
Pres X Dist .452 .218 . 103a .551 .299 .674a .517 
Pres X Ses(L) .539 .110 .311 .534 .001 ,596b .004 
Pres X Dist X Ses(L) .194 .938° .181 .165 .268° .264 .457 

False Alarms 

Pres .012 .258 .001 .001 .001 .001 
Pres X Dist .917a .918 .757a .012 .274 .825a .177 
Pres X Ses(L) .813 .001 .472b .006 .028b .476 .003 
Pres X Dist X Ses(L) .942 .019 .242 ,195e .221 .043 .015 

Simultaneous/successive difference larger in similarity 
condition than in conjunction condition. 

b Simultaneous/successive differences grew larger with 
practice rather than smaller. 

c Simultaneous/successive differences in the similarity 
condition grew smaller more quickly than in the conjunction 
condition. 
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right of Table 3 are probabilities for the combination of the six 

individual tests of each effect (Winer, 1971). This procedure assumes 

that each of the six individual probabilities is an independent test of 

the same one-tailed hypothesis. The two-tailed probabilities from the 

individual analyses were halved and the probabilities from each of the 

two one-tailed hypotheses were combined separately. The largest of the 

two combined probabilities was then doubled to provide a two-tailed 

probability. Because the pattern of results for the main effect of 

presentation was relatively unambiguous, combined probabilities were 

calculated only for the interaction effects. 

Inspection of Table 3 shows that successive presentations yielded 

significantly better performance than simultaneous presentations for 

five of six subjects in hit rates and five of six subjects in false 

alarm rates. Moreover, the one subject who failed to show the effect 

for hit rates was not the same subject who failed to show it for false 

alarm rates. Although none of the interactions showed consistently 

significant results at the individual level, the combined probabilities 

proved to be significant in three cases. For both hit and false alarm 

rates, the simultaneous/successive difference grew smaller as a linear 

function of practice session. Additionally, false alarm rate 

differences in the conjunction condition grew smaller more rapidly than 

in the similarity condition. 

To supplement the hit and false alarm results, a signal detection 

analysis was also performed. Because d' and Beta values cannot be 

calculated for hit rates of 1.0 or false alarm rates of 0.0, the data 

from each pair of practice sessions were combined to yield five levels 
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of practice instead of 10. Difference scores were obtained by 

subtracting the d' and Beta values in the simultaneous condition from 

those in the successive condition. Any tendency for performance in the 

two presentation conditions to equalize will, therefore* cause the d' 

difference scores to approach zero from the positive direction. 

Table 4 shows the mean d' and Beta difference scores for each of 

the five levels of practice. Means were also calculated for each 

stimulus set separately. Because target/distractor discriminability 

was of primary concern in the present research, only the d' difference 

scores will be discussed. Inspection of Table 4 shows that the d* 

difference scores are generally positive. The d* difference scores do 

not decline systematically with practice in the similarity condition 

although there appears to be a trend in this direction in the 

conjunction condition. A comparison of the two conjunction stimulus 

sets reveals that this effect is more pronounced for the N/VH stimuli 

as d* differences actually become negative by Session 5. After an 

initial decline, values for the R/PQ stimuli remain nearly constant 

over the last three levels of practice. 

A repeated measures analysis of variance was performed on the d’ 

difference scores with target condition serving as the between subjects 

variable and practice session (1-5) and distractor condition 

(similarity/conjunction) serving as within subjects variables. Again, 

a trend analysis was performed using only the linear component of the 

practice session variable. Overall, the difference scores were 

significantly greater than zero indicating an advantage in 

discriminability for successive presentations, F(1,4) = 33.45, £ = 
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Table 4 

Mean d* and Beta Difference Scores 

Level of Practice 

Stimulus 
Set 

Dist. 
Cond. Measure 1 2 3 4 5 

Pooled Simil. d* 
Beta 

.533 
-.500 

.893 
-.280 

.362 
-.130 

.386 

.500 
.413 
.320 

Conj. d' 
Beta 

1.327 
-.600 

.812 

.030 
.435 

-.050 
.266 
.250 

.158 
-.130 

N-target Simil. d' 
Beta 

.539 
-.220 

.641 
-.260 

.017 
-.010 

.525 
1.100 

.402 

.330 

Conj. d* 
Beta 

1.021 
-1.540 

.639 

.160 
.414 
.280 

.098 

.410 

-.174 
-.340 

R-target Simil. d* 
Beta 

.526 
-.780 

1.144 
-.280 

.707 
-.260 

.247 
-.090 

.424 

.310 

Conj. d* 
Beta 

1.632 
-.310 

.984 
-.100 

.456 
-.370 

.433 

.100 
.490 
.080 
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.0044. Particularly relevant for the present discussion was the 

significant effect of level of practice: difference scores declined as 

a linear function of practice, F(1,4) s 8.45, £ * .0438. 

The above analyses support the following general conclusions: 

(1) Successive presentations yield significantly better performance 

than simultaneous presentations. This conclusion is statistically 

supported not only by the group analyses, but also by each of the six 

individual analyses. 

(2) Current levels of practice did not generally eliminate capacity 

limitations. Practice did, however, reduce capacity limitations. This 

appears to be true primarily in the conjunction condition, particularly 

with the N/VH stimulus set. Although this apparent difference between 

the similarity condition and the conjunction condition was not 

supported statistically, the power of the above analyses was also quite 

low. 

SOA's 

Because SOA's were adjusted to maintain accuracy within a desired 

range, an improvement in performance would also be reflected in a 

tendency for SOA's to become more brief with practice. Figure 5 shows 

mean SOA's in msec as a function of practice session in each of the two 

distractor conditions. It is immediately apparent upon inspection of 

Figure 5 that practice had a dramatic effect on SOA. After an initial 

rapid decline, SOA's in both distractor conditions stabilize at a point 

roughly 20-30 % of their original values. There appears to be little 

tendency for further reduction over the last four or five sessions of 

practice. 
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Discussion 

The strongest and most persistent finding in the present data is 

that performance is consistently better with successive presentations 

than with simultaneous presentations. This was true whether measured 

in terms of hit probabilities, false alarm probabilities, or target/ 

distractor discriminabillty (d*). The effect was obtained both in the 

conjunction condition as well as in the similarity condition. The 

individual analyses also showed the effect to be quite robust in that a 

significant effect of presentation condition was obtained with all six 

subjects. The fact that simultaneous/successive differences were 

obtained with a previously untried stimulus set (N-target stimuli) 

argues that this effect is general in nature and not limited to the 

specific letter combinations originally used by Lane and Kleiss (note 

1). 

Contrary to the findings of Duncan (1980) and Shiffrin and Gardner 

(1972), the present results strongly support the initial conclusion of 

Lane and Kleiss (note 1) that the notion of capacity-free letter 

perception is limited in its generality. This appears to be true even 

when conjunction errors are clearly not possible. 

Unlike the results of Lane and Kleiss (note 1), there was no 

significant tendency for simultaneous/successive false alarm 

differences to be larger in the conjunction condition than in the 

similarity condition. This is particularly relevant for the feature 

integration theory since, if conjunction errors occur, one would expect 

a larger simultaneous/successive false alarm difference in the 

conjunction condition. However, the failure to obtain such an 
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interaction does not necessarily mean that conjunction errors were not 

occurring. A comparison of Figures 3 and 4 reveals that the pattern of 

results was different for the R-target stimulus set than for the 

N-target stimulus set. For the R-target stimuli (Figure 4), the size 

of the false alarm difference in Session 1 was much larger for the R/PQ 

(conjunction) stimuli than for the R/PB (similarity) stimuli. This 

pattern replicates the interaction obtained by Lane and Kleiss with 

these same stimuli and suggests that unpracticed subjects were 

perceiving "illusory" conjunctions. However, by Session 2 the size of 

the false alarm differences were relatively equal so that the effect 

was very much diminished when the data were collapsed across practice 

sessions. For the N-target stimuli (Figure 3)* there was no false 

alarm difference in Session 1 for the N/VH (conjunction) stimuli 

whereas there was a small difference for the N/VW (similarity) stimuli. 

It seems reasonable to conclude, therefore, that as attentional load 

increased, unpracticed subjects (Session 1) were not perceiving 

"illusory" conjunctions with the N/VH stimuli. The apparent failure to 

obtain a significant Presentation X Distractor interaction can likely 

be attributed to two factors: 1) Conjunction errors were not occurring 

with the N/VH stimuli, and 2) conjunction errors diminished rapidly 

with the R/PQ stimuli. 

Of primary concern in the present research was whether consistent 

practice would eliminate capacity demands such that performance with 

simultaneous presentations would equal that with successive 

presentations. Although none of the interactions involving 

presentation condition and practice session proved to be significant in 
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the initial analyses, the power of these analyses was also quite low 

given the relatively small sample size of six subjects. The individual 

analyses also failed to provide consistent evidence of a practice 

effect, but the combined probabilities for these analyses indicated 

that there was a significant tendency for simultaneous/successive 

differences to decline with practice for both hit rates and false alarm 

rates. Further evidence is provided by the signal detection analysis 

as d’ differences also declined significantly with practice. There is 

some indication, therefore, that practice did affect task performance 

in the predicted direction. 

Although there was some effect of practice, it is important to note 

that practice did not generally eliminate capacity limitations. This 

is seen most clearly in the d' difference scores in Table 2. 

Examination of the pooled results in Table 2 shows that practice had 

very little effect on capacity limitations in the similarity condition 

(N/NW, R/PB)ï d* difference scores showed no systematic tendency to 

decline across practice sessions. Although this finding appears to be 

at odds with past research, remember that Shiffrin and Schneider (1977) 

varied only memory set size with letter targets and distractors. The 

results from the similarity condition, therefore, caution against 

generalizing memory set size effects to situations in which frame size 

manipulations are employed. Attentional effects can be surprisingly 

unaffected by practice in this case. 

The practice effect appears to be localized primarily with the 

conjunction stimuli. Upon closer examination, however, differences 

also emerge between the two conjunction stimulus sets. For the R/PQ 
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stimuli, practice produced an initial reduction in capacity 

limitations, but continued practice had little further effect. This 

initial effect can be accounted for primarily by the large drop in the 

false alarm rate for simultaneous presentations. The implication of 

this result is that fewer conjunction errors were occurring after 

practice and that features were, therefore, more spatially constrained 

and less free to combine incorrectly. This is consistent with 

LaBerge's (1973, 1975, 1981) hypothesis that a unitization process 

occurs with practice in letter perception. However, the present 

results suggest that this process occurs very early in practice and 

continued practice does not appear to substantially reduce capacity 

limitations further. It seems reasonable to conclude, therefore, that 

the attentional demand of correct feature integration does not wholly 

account for the observed simultaneous/successive differences obtained 

the R/PQ stimuli. 

Only with the N/VH stimuli did practice actually appear to have 

eliminated simultaneous/successive differences. With these stimuli, d' 

differences declined steadily with practice and became negligible by 

Session 4. However, if conjunction errors were not occurring with 

these stimuli, a question remains as to why the N/VH results should 

differ from those obtained in the similarity condition. It could be 

that the N/VH discrimination is simply easier than the other stimuli. 

If this is the case, one would also expect the average SOA to be lower 

for these stimuli. Although the mean SOA of 43 msec for the N/VH 

stimuli was smaller than for the N/VW stimuli (54 msec), it was 

actually larger than either the R/PB (31 msec) or the R/PQ (34 msec) 
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stimulus conditions. The M/VH task is, therefore, not easier than the 

others by any obvious quantitative criteria. 

It might be argued that 6000 trials was simply not enough practice 

for automaticity to have developed with the N/VW, R/PB, and R/PQ 

stimuli. However, there was no strong indication that performance for 

simultaneous and successive presentations was even converging over the 

last half of the experiment for these stimuli. More important, the 

6000 trials of practice given subjects in the present experiment 

exceeds by a wide margin the 2160 trials of Schneider and Shiffrin 

(1977 exp. 1, consistent mapping condition) after which they concluded 

that the task was being performed automatically. If one is to argue 

that current levels of practice were insufficient, then it is not clear 

how much additional practice would be considered adequate to make a 

final determination. 

Although the issue of what constitutes a sufficient amount of 

practice may always be a problem in this kind of research, the S0A data 

in Figure 5 show quite clearly that learning did occur over the course 

of the experiment. In particular, there was a rapid improvement in the 

speed with which subjects performed the task during the initial stages 

of practice. What is important is that this effect appears to be 

independent of the processes which underly capacity limitations since 

changes in S0A are not paralleled by corresponding reductions in 

simultaneous/successive differences for most stimuli. Therefore, the 

failure to find a strong effect of practice cannot be attributed to an 

overall failure of the procedure. Clearly, some processes underlying 

perception were benefitting from practice. The S0A data argue that the 
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present levels of practice were sufficient to produce substantial 

changes in task performance although it appears that practice does not 

generally eliminate capacity limitations for most stimuli. 

If one is to accept this considerable improvement in task 

efficiency as evidence of automaticity, then the conclusion which is to 

be drawn from these data is that automatic processing is not 

necessarily capacity-free processing.' This conclusion not only 

questions the generality of previous findings (most notably Schneider 

and Shiffrin, 1977; and Shiffrin and Schneider, 1977), but also 

questions one of the two most widely accepted characteristics of 

automaticity. Although the present experiment did not address the 

issue of the unavoidable nature of automatic processes, it is clear 

that the major effect of practice was quantitative in nature rather 

than qualitative. 

It is interesting to note that if exposure durations had been 

maintained at a constant level throughout the present experiment (as 

did Schneider & Shiffrin, 1977; and Shiffrin & Schneider, 1977), then 

the large improvement in task efficiency may have lead to a ceiling 

effect causing hit rates and false alarm rates to converge 

artificially. Although Schneider and Shiffrin (1977) used three levels 

of exposure duration, these were not systematically adjusted during the 

course of the experiment. Performance among the various frame size and 

memory size conditions was relatively equal at the longest duration, 

but larger differences emerged at each of the shorter durations. This 

points to a possible artifactual relationship between exposure duration 

and frame size differences. The present results, therefore, suggest 
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that exposure durations be carefully adjusted in any detection research 

which employs large amounts of practice. 

The tide in recent years appears to be shifting away from the late 

selection, capacity-free models of perception (see Broadbent, 1982 for 

a review). The feature integration results point to a source of 

capacity limitations which is presumed to occur early in the perception 

of stimuli such as letters. However, two very recent publications 

(Kahneman, Treisman 4 Burkell, 1983* and Treisman, Kahneman 4 Burkell, 

1983) suggest that there is an attentional cost associated with 

filtering out distractor stimuli at the object identification level. 

This cost does not result from feature specific inhibition in the input 

channels or from the inadvertent processing of distractors which fall 

within the minimal spotlight of attention (Kahneman, Treisman 4 

Burkell, 1983). Attention is apparently directed to perceptually 

distinct objects very early in perception. The simultaneous/successive 

differences obtained in the present experiment are consistent with this 

view. The present results suggest that this filtering cost may persist 

despite large amounts of consistent practice. The R/PQ results further 

suggest that this filtering cost is somewhat independent of the 

attentional demands of correct feature integration since attentional 

differences remained even after conjunction errors declined. 

The N/VH results remain a puzzle. Since distractors were varied 

between subjects, the only difference between the N/VH and N/VW 

conditions was the presence of the "H" distractor as opposed to the "W" 

distractor. This suggests that the reduction in capacity limitations 

observed with the N/VH stimuli did not result from the enhanced 
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perception of the target letter per se, but from learning associated 

with the distractors: in particular the "H". Although Shiffrin, 

Dumais, and Schneider (1982) have shown that some learning occurs for 

distractor stimuli, it is not at all clear why this learning should be 

more pronounce for the "H" than for the other stimuli. 

The present research questions the general validity of 

capacity-free models of attention and perception. It further suggests 

that the nature of automatic processes are even less well understood 

than was previously believed. The important question appears not to 

be, "Is capacity limited?", but "Why is capacity limited in some 

situations and not in others?" 
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limitations in visual information processing: A test of the feature 
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