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Observed patterns of intrusions in rapid serial visual presentation (RSVP) tasks have been used 
to infer whether relevant stimulus features are processed in serial or parallel. It has been claimed 
that intrusion patterns that consist primarily of post target stimuli result from the serial processing 
of stimulus features, whereas symmetrical patterns of intrusions result from the parallel processing 
of stimulus features. However, Botella and Eriksen (1991) have claimed that the parallel processing 
of stimulus features can generate both types of intrusion patterns. Here we report on an RSVP 
task in which the interstimulus interval (ISD was manipulated randomly in order to prevent subjects 
from adopting a different strategy for each lSI. The subjects produced both patterns of intrusion. 

In a typical rapid serial visual presentation (RSVP) task, 
a series of stimuli is presented at a very high rate in a 
single spatial location. The subjects are instructed to report 
some characteristic (response dimension) of the only item 
that contains a specified characteristic (key dimension). 
For example, Lawrence (1971) asked subjects to report 
the identity (response dimension) of the only word 
presented in uppercase (key dimension); Mclean, Broad
bent, and Broadbent (1983, Experiment 1) asked subjects 
to report the color of a specified letter in one condition, 
and in the other to report the identity of the letter that 
had a specified color (reversed roles of color and shape 
as key and response dimensions). 

The most interesting result of such experiments is that 
often the subjects report some feature belonging to the 
response dimension that, in fact, has been presented in 
the series, but not in the target; these intrusions from filler 
items, or incorrect combinations of features really pre
sented, are sometimes called illusory conjunctions (Treis
man & Gelade, 1980). Moreover, the features incorrectly 
reported come from items presented after the target (post
target intrusions) more frequently than from items pre
sented before the target (pretarget intrusions). However, 
sometimes a balance between both types of intrusion is 
found, and, in addition, Intraub (1985) found more pre
than posttarget intrusions. 
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Two main interpretations of the typical posttarget pat
tern have been formulated. One is the theory proposed 
by Broadbent and his colleagues (Broadbent, 1977; 
McLean et aI., 1983). From their point of view, the sub
jects perform two serial operations-the detection of the 
feature that defines the target, and the identification of 
the response dimension of that item. Sometimes the de
tection takes too much time, and the identification process 
is performed on the item presented just after the target. 
Since in some experimental conditions the pattern of in
trusions found has been symmetrical, they argue that the 
subjects have two modes of processing available, one 
serial and the other parallel, and that the subjects select 
the mode most adapted to the task demands. A serial 
strategy would produce patterns of predominance of post
target intrusions, and a parallel strategy would produce 
symmetrical patterns (Gathercole & Broadbent, 1984; 
McLean et al., 1983). 

An alternative explanation has been formulated by 
Botella and Eriksen (1991). It is based on the parallel 
processing of the key dimension and the response dimen
sion, and on the serial selection of the outputs from those 
processes. The patterns of intrusions would depend on the 
average time of processing for both dimensions (the key 
and response dimensions), and on the rate of presenta
tion of the stimuli. From this perspective, the three pos
sible kinds of patterns (posttarget, symmetrical, and 
pretarget) can be generated by the same system, by chang
ing the level of difficulty of the discriminations and/or 
the interval of presentation. 

Botella and Eriksen (1991), who have reviewed the evi
dence favoring the serial and parallel processing positions, 
have concluded that there is stronger evidence to support 
a parallel view. However, whether different patterns of 
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results can be obtained without strategic shifts of process
ing mode has not been addressed. The present experiment 
suggests that the system is able to generate different pat
terns without strategic shifts. 

One of the arguments of Gathercole and Broadbent 
(1984) is apparently based on the assumption that the post
target pattern intrusions are only compatible with a serial 
mode of processing, and that symmetrical intrusions are 
only compatible with a parallel processing mode; there
fore, to infer the mode of processing adopted in each par
ticular experimental condition, they use the kind of pat
tern observed. For them, it is the assessment made by the 
subject of the level of difficulty of the task that determines 
the adopted processing mode. Yet, on the contrary, a 
parallel model can produce different intrusion patterns; 
this has been shown on a more theoretical level by Botella 
and Villar (1989). They performed a Monte Carlo simu
lation of a simple version of a parallel model; the model 
generated different patterns of intrusions, due to manipu
lation of the average processing times of both key and 
response dimensions, as well as the rate of presentation. 
However, there is no empirical evidence that the same 
results occur when real subjects are prevented from con
sistent strategic shifts. 

In the present experiment, an RSVP task with colored 
letters was used. The key dimension consisted of the color 
of the stimulus, and the response dimension consisted of 
stimulus shape. The main independent variable was the 
interstimulus interval (lSI). Trials with different ISIs were 
mixed randomly within a block in such a way that the sub
jects could not predict how difficult the next trial would 
be. Therefore, the processing mode had to be the same 
for all conditions. The parallel model predicts that sig
nificant changes in the patterns of intrusions can be 
produced in this situation. 

Another independent variable, with an exploratory 
character, was also included. This was the separation be
tween the lSI and the exposure time of the items. Usually 
in this kind of experiment, each item is replaced by the 
next in such a way that the exposure for each item equals 
the lSI (these we will call the classical conditions). The 
variable of separation was included to explore what hap
pens when the items are presented for a shorter duration 
than the lSI. 

METHOD 

Subjects 
Fifteen undergraduate students with normal or corrected-to-normal 

vision were paid for their participation. All these subjects had partici
pated in Experiment I of Botella and Eriksen (1991), so they already 
had a good deal of practice with the task and the procedure. 

Stimuli and Materials 
The stimuli were presented on a Zenith CRT connected with and con

trolled by a Zenith Data System computer. Each list had 17 items; the 
1st and last 2 were black numbers, whose presence was known to the 
subjects. Their function was to obviate the well-known tendency of sub
jects in such tasks to frequently report the first and last items in the se
ries. The letters contained in each list consisted of 13 different upper
case consonants, selected from the alphabet randomly. These letters were 

in five colors: white, yellow, green, red, and blue (the computer's stan
dard colors). On each list, one target letter was designated that occurred 
with equal probability in the 8th, 9th, or 10th position on the list. The 
target letter appeared in the color that would be the key feature in that 
list, and this color was not used for any other item on the same list. 
The five colors were used as the target-defining feature equally often 
over the lists. The 2 items before and after the target (Positions - 2, 
-I, + I, and + 2) were constructed with the other four colors, without 
repetitions. The remaining items were also colored with these four colors 
randomly, with the restriction that 2 consecutive items never share the 
same color. The background color was dark gray. The letters subtended 
0.64 0 in height and 0.29 0 in width. 

Procedure 
The subjects were located 40 cm from the screen. At the beginning 

of each trial, the screen displayed the question, "Which letter is in this 
color?" alongside of this question appeared a color patch with the color 
that would be the key feature of the target on that trial. The patch ap
peared at the same location as that at which the item series would ap
pear. When a subject pressed the keyboard space bar to begin the trial 
presentation, the question disappeared, and the colored patch was 
replaced by a black cross (fixation point) for 500 msec; the cross was 
followed by the first item in the series. After the last item in the series, 
a response menu was presented, with nine numbered alternatives. The 
first seven alternatives were the letters from the critical set (the target, 
the three letters presented just before, and the three letters presented 
just after), all in black, and in a random order. The eighth alternative 
was, "I don't know"; the ninth alternative was, "not in the menu." 

The experimental conditions were defined by the stimulus exposure 
time and the empty interval between them. In the classical conditions, 
the exposure time equaled the lSI (each item was replaced by the next). 
In the other conditions, the lSI was longer than the exposure duration. 
We will use time in milliseconds to designate the exposure time and 
empty interval for each condition; the 12 conditions were as follows: 
66/0,66/16,66/33,66/50,83/0,83116,83/33, 100/0, 100/16, 100/33, 
116/0, and 116116. During the empty interval, the position where the 
series was being presented was the same color as the rest of the screen 
(dark gray). 

The subjects received seven blocks of 65 trials each during a single 
session of about I h. The first 5 trials of each block were eliminated 
from data analysis because they were considered a warm-up. The other 
60 trials of each block contained 5 trials from each of the 12 conditions 
in a random order. The first block was eliminated, because it was con
sidered practice. Therefore, 30 trials from each condition were collected. 
The responses were classified according to the position occupied in the 
series by the letter chosen as the response. Between each two blocks, 
the subjects rested 2 or 3 min. 

RESULTS 

For each subject, the percentage of choices of each 
response alternative was calculated for each experimen
tal condition. However, in order to do statistical analysis 
over the positional responses, the data were transformed. 
The reason for this transformation is that with the per
centages calculated over the total number of trials, the 
different conditions were not completely comparable, be
cause the numbers of "I don't know" and "not in the 
menu" responses were very different between the lSI con
ditions (from 18.8% for lSI = 66 to 2.6% for lSI = 116). 
Thus, before analysis, the percentages including only posi
tional responses were recalculated. The results for the four 
classical conditions (that is, with exposure time = lSI) 
will be described first, and then the effects of the empty 
interval will be analyzed. 

The first four rows of Table 1 show the percentage of 
responses for the four classical conditions, and the ratios 



Table 1 
Average Percentage of Choices of the Response Feature Belonging 

to Each Position in the Central Set 

Relative Position of the Feature Reported Ratio 
Condition -3 -2 -I 0 +1 +2 +3 +/-

Classical Conditions 

66/0 4.9 3.0 10.9 42.3 26.6 7.9 3.5 2.02 
83/0 0.6 6.4 7.3 57.8 21.8 3.5 2.6 1.95 

100/0 1.1 3.6 12.7 68 .1 11.5 1.1 1.8 0.83 
116/0 0.4 0.8 3.6 90.0 3.4 0.4 1.3 1.06 

Blank Interval Conditions 

66/16 3.5 3.0 4.4 70.0 15.6 2.3 1.2 1.75 
66/33 0.6 4.9 4.7 79 .8 8.4 1.1 0.4 0.97 
66/50 1.3 2.9 7.5 80.5 5.9 0.6 1.3 0.67 

83/16 2.7 3.8 6.6 78.2 6.4 2.1 0.4 0.68 
83/33 0.6 2.5 5.5 81.9 8.5 0.4 0.6 1.10 

100/16 2.4 0.4 2.0 86.6 5.4 2.0 1.I 1.77 
100133 2.4 2.0 1.1 91.0 2.6 0.2 0.6 0.62 
116/16 1.3 0.2 3.1 90.4 3.8 0.6 0.6 1.09 

Note-The last column contains the ratio between the posttarget and 
pretarget responses for each condition . 

between post- and pretarget intrusions. The general level 
of perfonnance, as measured by correct choices, was ex
amined with an analysis of variance (ANOVA). It is clear 
in rows 1-4 in Table 1 that correct responses change with 
lSI [F(3,42) = 79.837, p < .0001] . 

A clear decreasing tendency in "I don't know" and 
"not in the menu" responses is observed as the lSI is in
creased. An ANOVA of the percentage of "I don't know" 
responses revealed a significant effect [F(3,42) = 10.613, 
P < .0001]. 

Intrusion patterns were analyzed with a sign test. 1 Con
sistent with other research done using this paradigm, there 
was a significantly larger number of intrusions from ad
jacent positions than from the other positions when shorter 
ISis were used. But for the longer ISis, the difference be
tween intrusions from adjacent and other positions was 
reduced. Within the distribution of adjacent intrusions, 
these were predominantly coming from the +1 position 
(+ 1 > -1) in conditions with shorter ISIs: lSI = 66 
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Figure 1. Average position of the response features reported by 
the subjects in the classical conditions. 
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(13113, P < .001), and lSI = 83 (13114, P < .001). Also, 
the general predominance of post- over pretarget intru
sions (posttarget > pretarget) was statistically significant 
in the same conditions: lSI = 66 (13/15, P < .01), and 
lSI = 83 (13/15, P < .01). 

The posttarget/pretarget ratio value may change mark
edly with only a few deviant trials . When perfonnance is 
at about 75% correct responses or below, the number of 
intrusions is less sensitive to sampling fluctuations. How
ever, when the percentage of intrusions is less than 25%, 
slight sampling fluctuations can produce misestimations 
of that ratio . A way to avoid this problem is to calculate 
the average position of the responses. This index is more 
stable because the correct responses have a heavier weight. 
The procedure is to assign a 0 to the correct responses, 
-1, - 2, and - 3 to pretarget intrusions coming, respec
tively, from items in those positions, and + I, + 2, and 
+ 3 to posttarget intrusions, then calculating the average 
position of the reported features. After this index was cal
culated for each subject and each condition, an ANOV A 
was applied to the obtained values (Figure I), and a main 
effect of lSI was found [F(3,42) = 5.716, P < .01]. 

With regard to the conditions with lSI longer than ex
posure time, the results show that the level of perfonnance 
was clearly influenced by this manipulation, as can be ob
served in rows 5-12 in Table 1. The only condition with 
an empty interval greater than zero that had a significant 
posttarget pattern was 66/16 (12/14, P < .01). The other 
conditions showed more symmetrical patterns . Although 
in some conditions a + 1 - ratio below I was found, there 
was no significant predominance of pre- over posttarget 
intrusions in any of the conditions. 

In addition, there is an interesting result when some 
selected cross-comparisons are made. For example, con
ditions 66116 and 83/0 shared the same lSI, but the first 
had a shorter exposure time than the second, and a short 
empty interval, while the second had no empty interval . 
The short empty interval improved the results (the same 
can be seen when 83/16 and 100/0 conditions are com
pared, but not when the 100/16 and 116/0 conditions 
are compared). 

DISCUSSION 

These results indicate, first, that without strategic changes by the sub
jects, significant changes can be found in the pattern of intrusions when 
only lSI is manipulated . Thus, because the same processing mode can 
generate different patterns, it is not appropriate to infer the mode of 
processing from the observed pattern; it is necessary to develop other 
methods (Botella & Eriksen, 1991). Specifically, the results indicated 
that with the shorter ISIs there is a predominance of posttarget intru
sions, but as both lSI and exposure time increase, the pattern becomes 
more symmetrical. For instance, when the exposure time was 66 or 83, 
the pattern was clearly posttarget intrusion, but when the values were 
100 or 116, the pattern was clearly symmetrical. Furthermore, this 
change was not sharply demarcated; rather, it seems that it happened 
step by step with changes in lSI. This change in the intrusion pattern 
cannot be interpreted as a strategic shift in the processing mode, be
cause the subjects did not have the information needed to make that de
cision before each trial. 

Furthermore, Broadbent and his colleagues have suggested that the 
system shifts from a serial mode to a parallel mode when the difficulty 
of the task is increased (Gathercole & Broadbent, 1984; McLean, Broad-
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bent, & Broadbent, 1983). The present findings show, however, that 
the shift from a posttarget to a symmetrical pattern occurs when the 
task is made easier. Using Broadbent's logic, the conclusion would be 
that the subjects were using a parallel mode of processing features for 
the easiest conditions, and the serial mode for the more difficult condi
tions. This conclusion contradicts those reached in their experiments 
(Gathercole & Broadbent, 1984). 

Botella and Eriksen (1991) have proposed a model based on the tem
poral simultaneity of the feature's representation. The average times 
associated with the different key and response dimensions could produce 
pretarget, posttarget, or symmetrical patterns. However, Botella and 
Eriksen used evidence different from the pattern of intrusions to show 
that the information from the key and response dimensions is processed 
in parallel. 

Second, it seems that the use of a brief blank interval between the 
stimuli does have an effect, although this effect is not yet clear. Origi
nally, the question addressed was whether a reduction in the physical 
energy of the stimuli (via a decrement of the duration) would make it 
more confusable. The results do not show such an effect, but rather the 
opposite. When the lSI is 83 or 100 msec, it seems that performance 
is better if stimuli are presented at durations shorter than the lSI; a short 
empty interval (16 msec) helps to improve performance. However, with 
a longer lSI (116 msec), the inclusion of a 16-msec empty interval does 
not improve performance; indeed the performance with this lSI is bet
ter if the stimulus is present throughout the lSI. With long ISis, the empty 
interval does not reduce the occurrence of illusory conjunctions. It ap
pears that something important happens when the duration of the stimuli 
exceeds the value of 100 msec. 
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NOTE 

I. The number of comparisons made is not always equal to the total 
number of subjects (15), because there were some ties; these were ex
cluded from the analysis. 
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