
The last two decades have witnessed a remarkable in-
crease in interest in human temporal capacity limitations 
in processing environmental stimuli, and effects on per-
formance when these limits are exceeded (Shapiro, 2001). 
One manifestation of such limits, as viewed from the con-
ceptual framework of attention, has been the difficulty 
in noticing stimulus repetitions if the two occurrences 
are close in time (repetition blindness or RB; Kanwisher, 
1991). Another manifestation is the difficulty in identify-
ing the second of two targets when the second is presented 
temporally close to the first (attentional blink or AB; Ray-
mond, Shapiro, & Arnell, 1992). A similar phenomenon 
is the slowing of responses to the second of two targets if 
they are close in time ( psychological refractory period or 
PRP; Pashler & Johnston, 1998). All of these phenomena 
indicate that during episodes in which cognitive processes 
are engaged in certain activities, capacity limits create 
difficulties in performing other activities or the same ac-
tivity with other stimuli. When these capacity limits are 
exceeded by a high rate of information presentation (as 
in conventional tasks that use rapid serial visual presenta-

tion, or RSVP) the above mentioned phenomena (i.e., RB, 
AB, and PRP) show up, all of which reveal different types 
of performance decrements.

A similar phenomenon, although much less studied, is 
the report of a mixture of features between stimuli pre-
sented in close temporal succession, sometimes called 
intrusions or illusory conjunctions in the time domain 
(Botella, Barriopedro, & Suero, 2001; Botella & Erik-
sen, 1992; Cohen & Ivry, 1989; Gathercole & Broadbent, 
1984; Keele, Cohen, Ivry, Liotti, & Yee, 1988; Kikuchi, 
1996; Lawrence, 1971; McLean, Broadbent, & Broad-
bent, 1983). We identify stimuli by building integrated 
percepts or bound representations of significant units that 
give sense to the world around us. When presentation rates 
are within some “natural” range, the extracted features can 
be properly bound into representations of the presented 
objects. However, when the presentation rate exceeds a 
certain limit, incorrect combinations of the presented 
features can result. The study of the factors affecting the 
number and types of these errors helps us to understand 
how our cognitive system works. Different combinations 
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of a key dimension (the one that defines the target) and a 
response dimension (the one to be reported), with differ-
ent presentation rates, generate different levels of perfor-
mance and different patterns of intrusions in predictable 
ways—that is, with a predominance of pre- or posttarget 
intrusions or a balance between both types of errors (e.g., 
Botella, García, & Barriopedro, 1992).

The term “illusory conjunction” was first used to refer 
to feature migrations between stimuli presented simul-
taneously but in different positions in the visual field 
(Treisman & Gelade, 1980; Treisman & Schmidt, 1982). 
Although illusory conjunctions in the space domain have 
been replicated in many studies, their very existence has 
been challenged by Donk (1999). When attentional capac-
ity limits are exceeded, some of the features were originally 
described as free floating, and it was implicitly assumed 
that they could be more or less randomly recombined. 
Donk’s (1999) position is a methodological criticism of 
the results alleged to support the hypothesis of random 
combination of free-floating features. She claimed that in 
many experiments, the misidentification of the displayed 
features (i.e., confusions in tagging identities to displayed 
items) is not differentiated, as a source of errors, from 
genuine illusory conjunctions. When misidentifications 
are taken into account, the number of errors is not larger 
than would be expected from totaling the sources of errors 
identified plus pure guesses.

However, it is not necessarily true (and is not essential 
for the feature integration theory) that the isolated features 
are recombined at random. Specifically, several experi-
ments have shown that isolated features convey location 
information that can be used by the system to choose 
among them (Ashby, Prinzmetal, Ivry, & Maddox, 1996; 
Cohen & Ivry, 1989; Hazeltine, Prinzmetal, & Elliott, 
1997). Therefore, the recombination is not the result of 
“pure guessing,” but rather “sophisticated guessing” based 
on imprecise location information. Although the debate is 
not closed (see Donk, 2001; Prinzmetal, Diedrichsen, & 
Ivry, 2001), the evidence available strongly supports the 
idea that illusory conjunctions in the space domain are 
real, although the isolated features are not combined at 
random; rather, some attentional and spatial constraints 
modulate the probability of binding two specific features 
(see Quinlan, 2003).

In a similar vein, Botella et al. (2001) proposed a model 
of the formation of illusory conjunctions in the time do-
main, in which the choice of response features belonging 
to the target is not random, but sometimes results from 
sophisticated guessing. If the target features have not been 
properly bound, such guessing is distributed over the re-
sponse features that are available at the moment when 
the target is detected. Thus, their proposal also contrasts 
with Donk’s (1999) explanation of illusory conjunctions 
as methodological artifacts.1 Specifically, Botella et al. 
(2001) proposed a model in which responses are generated 
in two different ways in RSVP tasks. Assuming that the 
time needed to build an integrated percept can be thought 
of as a random variable, then, at the rates employed in 
RSVP experiments, the process of focal attention will suc-
ceed in integrating the target features on a specific propor-

tion of the trials and will essentially generate hits. How-
ever, on trials in which focal attention does not succeed 
in target integration before it is interrupted by the arrival 
of new items, the observers have another opportunity for 
giving a correct response. This “plan B” consists of an at-
tempt to exploit any featural information that is available 
in the system to make a guess from among the features 
of the response dimension that remain isolated in visual 
memory but have not been bound into a percept. Although 
the second attempt can produce a correct response, it is 
also the means by which errors of migration over time 
are produced. The distribution of errors around the target 
reflects the process by which such errors are generated.

As an extension of Botella et al.’s (2001) model, it is 
proposed here that the choice of which response features 
to report when focal attention fails to bind the target fea-
tures can be described by an application of the constant 
ratio rule derived from Luce’s (1959; see Logan, 2004) 
choice axiom. The constant ratio rule is assumed to be ap-
plied over the levels of activation of the representations of 
response features of stimuli presented around the target. 
We will not repeat here the arguments that support the 
original description of the model (see Botella et al., 2001). 
Rather, in the present article, we focus on predictions de-
rived from the model for the distribution of errors around 
the target, and present new empirical evidence using a 
double response paradigm.

More importantly, the results with the double response 
paradigm will help us test a core idea of parallel models, 
for which the evidence is scarce. This core idea is that the 
features pertaining to the “to-be-reported” dimension are 
extracted in parallel, from several stimuli. The variability 
of the observed responses and the fact that they are dis-
tributed around the target have been taken to support that 
point. However, it is still possible that only one feature is 
extracted, and the distribution of errors reflects the prob-
ability that the only feature extracted is one selected from 
one of the positions around the target. Using the double re-
sponse paradigm, we will test this idea by asking observ-
ers to report two response features instead of only one. We 
will determine whether the observers are able to report the 
second feature in a nonrandom way.

Testing the Predicted Distribution With a 
Two-Response Paradigm

The experimental paradigm we used consists of a con-
ventional RSVP search task, but we required a second 
response in which the observer was to indicate his or her 
“second candidate.” The idea of asking for several ordered 
answers is not new, since in a somewhat different context, 
it was fruitfully used by Reeves and Sperling (1986). They 
presented two lists of items in RSVP, one on each side 
of a fixation point. The observers had to report the iden-
tity of the item presented simultaneously with a target in 
the other stream, and also a few following items. The fre-
quency of reporting the item from each position following 
the target reflected the “attentional window” employed. 
The results showed that the system processed and retained 
several items, although they were seldom reported in the 
exact order in which they had been shown. Rather, there 
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appeared to be a distribution of memory strength for the 
items centered around a specific time delay after the cue 
occurred in the opposite stream.

In the present experiments, the task is not to report the 
target stimulus as such, but some isolated feature associ-
ated with the target item. This is an important difference 
from Reeves and Sperling’s (1986) procedure, because 
they asked for a report of the actual stimuli presented, 
whereas we ask only for the response feature. We expect 
that the procedure is also fruitful when the observers are 
asked to report isolated features, as a way to study how 
the system manages the free-floating features described 
in feature integration theory (Treisman & Gelade, 1980). 
Suppose we ask for the letter in red. If the representa-
tions available are “integral,” and include the shape and 
the color, then the observers could easily discard them as 
candidates, because only one contains the “target-defining 
feature.” In Reeves and Sperling’s work, there was no pos-
sible confusion, because all of the items were presented in 
the same color, but in our experiments, those confusions 
are the main effect under study.

We will check first on the ability of the observers to 
perform the task. If they are able to make a second choice, 
and this choice is not randomly selected from the set of re-
sponse alternatives, then the system must have more than 
one response feature available that was likely to have been 
part of the target. This result would reinforce the idea that 
the stimuli are processed in parallel, and that at least some 
of the features from the response dimension are extracted 
and maintained simultaneously (see Keele & Neill, 1978). 
This result would also oppose a point of view (one of the 
varieties of early selection) that only the features of the 
selected item are extracted, whether correct or not (e.g., 
Broadbent, 1977; Lawrence, 1971; McLean et al., 1983).

Second, we will study the occurrence distribution of 
the second responses. Especially important will be the re-
lationship between both responses. From Botella et al.’s 
(2001) model, it is predicted that the second response will 
not be independent of the first one. Specifically, the con-
ditional probability of choosing the response feature from 
a specific position around the target, given the response 
selected in the first response, will depend on the serial 
position of the feature reported as the first response.

Some Quantitative Predictions
In Botella et al.’s (2001) model, the trials that yield in-

trusion errors are trials resulting from a decision made 
under uncertainty, taking as a basis the residual visual in-
formation. “Sophisticated guessing” in this case consists 
of choosing among the alternatives with a probabilistic 
mechanism based on the application of Luce’s axiom to 
the levels of activation of the response features. The con-
stant ratio rule derived from that axiom predicts, as a con-
sequence, that the relationship between the percentages 
of choices should reflect that application, both in the first 
and second responses. As has been mentioned, this is only 
applied to the errors and to that part of the hits produced as 
“fortunate conjunctions,” once focalization has failed—
that is, all responses generated by the sophisticated guess-
ing mechanism. To do that, we first need an estimation 

of the hits produced by that mechanism. The results of 
previous experiments show that a quadratic function fits 
the data reasonably well (e.g., those from simulations by 
Botella et al., 2001). We will use that function to estimate 
the percentage of responses that are hits produced by the 
sophisticated guessing mechanism.

Let us see how Luce’s (1959) axiom can be applied to 
the percentages of choices of each alternative on each trial. 
The basic idea is contained in the constant ratio principle. 
Let us suppose that in a specific experimental condition, 
the percentages of choices (generated by the sophisticated 
guessing mechanism) for the five alternatives ( 2, 1, 0, 

1, and 2, with 0 being the position of the target in the 
RSVP sequence) in the first response are 5, 10, 25, 20, 
and 5 (the other 35% are hits produced by the focalization 
mechanism). If the first and second responses are based 
on the same information and are generated by applying the 
same procedure, then the relationship between the choices 
for each pair of alternatives observed in the first response 
must reappear in the second response. Thus, between 
the alternatives 2 and 1, there is a relationship of 1:2, 
whereas the relationship between the 2 and 2 items is 
1:1. Let us focus, for example, on the trials in which the 
observer chooses as the first response the feature from 
the 1 position. The ratio between the selections of the 

2 and 1 features in the second response and between 
the ( 2) and ( 2) items, must still be 1:2 and 1:1. For 
studying the fit of this prediction, we will calculate first 
the prediction for each alternative in the second response, 
conditionalized on the response given in the first one. It is 
important to highlight that for making these predictions, 
we will use only the frequencies of choices observed in the 
first responses. Then we will calculate the ratios between 
the empirical frequencies of choices for each cell in the 
second responses. In short, we will have on one side, the 
predictions for the ratios of the conditional proportions 
for the second responses, based exclusively on the first 
responses; on the other side, we will have the same ratios, 
but calculated over the empirical proportions in the sec-
ond responses. We will calculate the correlation between 
both sets of quantities and interpret the magnitude as an 
assessment of the predictive capacity of the first responses 
for the second responses and, thus, of the predictive ca-
pacity of the model’s assumptions.

Let us go back to the previous numerical example, in 
which the first response corresponds to the feature from 
position 1. According to the data from the first responses, 
given that the observer has available only the features from 
positions 2, 1, 0, and 2 for making a second response, 
these features should be chosen in the following propor-
tions: (1) for the 2 item, 5/(5  10  25  5); (2) for the 
1 item, 10/(5  10  25  5); (3) for the 0 item, 25/(5  

10  25  5); (4) for the 2 item, 5/(5  10  25  5). 
These predictions are based exclusively on the first re-
sponses. Taking now the trials in which the feature from 
position 1 is selected for the first response, we can calcu-
late the empirical ratios of frequencies of second responses 
that parallel those four ratios. We will apply this procedure 
to all cells of the contingency table, with the exception of 
the main diagonal, which will be empty because the ob-
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servers were not allowed to make the same choice in both 
responses.

The Present Study
In the present experiments, we used a two-response 

paradigm. In order to estimate the conditional probabili-
ties between both responses, we needed a larger number 
of trials than is usual when only one response is required. 
Therefore, each observer participated in 10 sessions of 
250 trials each. In Experiment 1, the key dimension was 
the identity of the letter, and the response dimension was 
its color (e.g., “In what color does ‘T’ appear?”), whereas 
in Experiment 2, the roles were interchanged (e.g., “Which 
letter appears in red?”). In both cases, the participants 
were asked to give a second response with their “second 
candidate”—that is, they were to identify the feature that 
they would have reported if the one selected in the first 
choice was not available.

EXPERIMENT 1

Method
Participants. Five students with normal or corrected-to-normal 

vision from the Department of Psychology at the Autónoma Univer-
sity of Madrid served as voluntary participants.

Stimuli and Apparatus. The experiment was controlled by an 
IBM-compatible PC. The experimental program was written and run 
using Micro Experimental Laboratory (MEL; Schneider, 1988).

We prepared a total of 250 series of 13 letters each. Each series 
was composed of 13 different uppercase letters. The critical set (de-
fined as the target plus the two items before it and after it) could 
occupy three different positions in the series (4–8, 5–9, or 6–10), 
in order to reduce the predictability of when the target could occur 
and to separate the critical set from the beginning and the end of the 
series by several items. The letters were presented in five different 
colors (red, yellow, blue, green, and white) against a background that 
remained gray throughout the experiment. The five colors were em-
ployed for the five stimuli from the critical set, randomly assigned 
to each series. For the letters of each series outside the critical set, 
the four colors not used for the target letter were randomly assigned, 
with the only restriction being that two consecutive stimuli were 
never the same color.

Procedure. Each of the 10 sessions consisted of 250 trials. The 
participant sat at a 40-cm viewing distance from the screen, from 
which the letters of the series had a visual angle of 0.46º in height 
and 0.29º in width.

At the beginning of each trial, the letter target for that trial ap-
peared in the center of the screen, in black. The participant began the 
series by pressing the space bar. Each letter remained on the screen 
for 83 msec, being replaced immediately by the next one, and so on 
until the end of the series. Then a response menu was displayed on 
the screen. The menu always included the names of the same five 
colors, numbered 1 to 5 (each in its own color) and in the same order, 
plus “don’t know” as the sixth option, in black.

The participant then had to make a response by pressing a key, 
from 1 to 6 on the keyboard, specifying in which color the target had 
appeared. Then the response menu was presented again, prompting 
an answer about the second candidate; the response procedure was 
the same as for the first one (pressing a key from 1 to 6). Each ses-
sion included 18 practice trials before the experimental block; we 
excluded practice trials from the data analysis.

Results
We will present the results in two sections: first, the re-

sults of the first responses, and second, those of the second 
responses and their relationships with the first responses.

First responses analysis. We obtained the distribution 
of responses for each participant. The mean percentage of 
“don’t know” responses was 6%. For the rest of the tri-
als, we calculated for each participant the percentage of 
responses in which the reported feature belonged to the 
stimulus in each position in the critical set. The first row of 
Table 1 shows the means of these percentages. Although 
the mean percentage of hits is 56.2%, the distribution of 
intrusions shows a clear predominance of posttarget errors 
(28.3%), in comparison with the pretarget errors (15.4%). 
These results are consistent with those reported in previ-
ous similar experiments in which only one response was 
required (e.g., Botella, 1992; Botella & Eriksen, 1991, 
1992; McLean et al., 1983).

As described in the introduction, we estimated the num-
ber of responses that are hits produced by the sophisti-
cated guessing mechanism by fitting a quadratic function 
to the figures in the 2, 1, 1, and  2 cells.2 The fitted 
function accounts for 62.3% of the variance and allows an 
estimation of 19.5%. That is, the 56.2% hit rate can be de-
composed into 36.7% from focalization and 19.5% from 
“fortunate conjunctions” resulting from the sophisticated 
guessing mechanism. This value will be employed in the 
next section.

Second responses analysis. In order to analyze the 
second responses and their relationships with the first re-
sponses, we selected the trials for which neither of the 
responses were “don’t know.” This option was selected 
as the second response in 11.7% of the trials, on average. 
When the first response was “don’t know,” the second one 
was practically always “don’t know” as well (99.9%).

For the trials in which the two responses contained 
features from the stimuli of the critical set, we calculated 
the proportions of choices for each alternative in the sec-
ond response, conditionalized on the choice of each one 
in the first response. Table 2 shows the average of the 5 
observers in each cell after calculating the values for each 
participant.

It is very clear from the data in Table 2 that the distribu-
tions of second responses vary as a function of the first 
response. We have analyzed each conditional distribution 
with a one-way, within-subjects ANOVA. In all five rows, 
there is a significant effect of position, indicating that the 
“all cells equal” hypothesis can be rejected for each condi-
tional distribution [Fs(3,12)  3.78, 9.23, 5.97, 8.23, and 
10.92, respectively; ps  .05].

In order to analyze these distributions under Botella 
et al.’s (2001) model, we have derived predictions using 

Table 1 
Distribution of the Mean Percentages of the First Responses 

Within the Critical Set in Experiments 1 and 2

Response

Experiment  2  1  Hit  1  2

1 6.0 9.4 56.2 22.7 5.6
2  5.3  14.2  52.4  23.9  4.2
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the procedure described in the introduction. Those predic-
tions are exclusively based on the distribution of frequen-
cies of the first responses, as they appear in the first row 
of Table 1, plus the value estimated for hits from fortunate 
conjunctions (19.5; also estimated from first responses). 
The predictions refer to the 20 cells outside the main diag-
onal. We calculated the correlation between these predic-
tions and the corresponding empirical values as obtained 
in the second responses. The correlation is r  .887 ( p  
.01). Table 2 shows (as the first value within the paren-
theses) the predicted conditionalized probabilities for the 
20 cells.

Discussion
The first goal of Experiment 1 was to test whether ob-

servers were able to report a “second candidate” for the 
response feature of the target on the basis of such featural 
knowledge retained in memory or on the basis of random 
guesses. The results show clearly that the second response 
is not selected at random by the observers. Rather, the claim 
that several response features are extracted and maintained 
long enough to form the basis of sophisticated guessing is 
empirically supported. The choice probabilities likely reflect 
the relative levels of activation of feature representations, 
and those levels of activation are probably closely linked to 
their positions in the series, in relation to the target.

From Botella et al.’s (2001) model, it is proposed that on 
trials in which the target’s features are not bound by focal 
attention, they remain floating in the system as partial 
representations of features from the response dimension 
with different levels of activation. These features can be 
employed by the system as the basis for guesses. The sec-
ond goal of the present experiment was to test the model’s 
derived claim that the application of the constant ratio rule 
to those levels of activation estimates the distribution of 
responses in the menu shown on each trial. With the data 
from the second responses, we have tested the prediction 
derived from this proposal. The correlations obtained have 
shown that the basis for both responses is effectively the 
same. The second responses keep a certain global relation-
ship with the response given first. Thus, when performing 

tasks of perceptual integration with RSVP, the observers 
apparently extract and maintain the features from several 
stimuli in parallel.

In order to increase the generality of the conclusions, 
we completed a second experiment, with the relevant di-
mensions interchanged. It could be argued that the good 
fit obtained was based on the small number of observers 
or perhaps that it is a phenomenon that is specific for the 
task of reporting the color of the target letter. In order to 
address these issues, we repeated the experiment, with the 
same series of stimuli, but now with the task of identifying 
the letter presented in a specified target color. That is, we 
interchanged the roles of the relevant dimensions, so that 
now the key dimension is color and the response dimen-
sion is the identity of the letter in the target color.

Furthermore, in Experiment 1 it is possible (although 
perhaps unlikely), that the observers employed the strat-
egy of looking for the color that was unique in the series, 
because the color of the target letter was used only for 
that letter within each trial. In Experiment 2 they cannot 
employ that strategy, because the to-be-reported feature 
(the identity of the letters) was not repeated within a trial. 
A similar pattern of results in Experiment 2 should mini-
mize the effects of the confounding in Experiment 1.

EXPERIMENT 2

Method
Participants. Five different participants were chosen from the 

same pool as in the previous experiment.
Stimuli and Apparatus. The stimuli and apparatus were the 

same as those used in Experiment 1.
Procedure. The procedure was the same as in Experiment 1, with 

two exceptions: First, the information for defining the target in each 
trial was given by showing “&&&” in the target-defining color for 
that trial. Second, the response menu included the five letters of the 
critical set—numbered, in black, and in a random order—plus the 
option “don’t know.”

Results and Discussion
First response analysis. In 1.4% of trials, on average, 

the observers’ response was “don’t know.” The second row 

Table 2 
Mean Percentages of Responses in Experiment 1 Corresponding to Each Option  

of the Critical Set in the Second Response, Conditionalized on the Option  
Chosen in the First Response

 Response 2

 2  1  0  1  2

–2 23.6 31.0 26.0 19.5
(16.4; 21.0) (34.9; 29.2) (39.7; 31.8) (9.8; 18.0)

1 20.1 35.3 29.3 15.3
(11.2; 18.6) (36.2; 30.2) (42.2; 32.9) (10.4; 18.3)

Response 1 0 19.4 28.7 34.4 17.5
(13.7; 19.8) (21.5; 23.4) (51.9; 37.4) (12.8; 19.4)

1 16.7 22.3 38.9 22.1
(14.8; 20.3) (23.2; 24.2) (48.1; 35.7) (13.8; 19.8)

2 18.5 17.9 26.3 37.3
(10.4; 18.3) (16.3; 21.0) (33.9; 29.1) (39.4; 31.7)

Note—The numbers in parentheses show first the predicted values following Luce’s axiom as-
sumed in the model (see the introduction section) and, second, the predicted values adding a number 
of random responses in the second response (see the Discussion of Experiment 2).
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of Table 1 presents the observed response distribution for 
the rest of the trials. As in the previous experiment, the 
results indicate that both the average percentage of hits 
(52.4%) and the pattern of intrusions (28.1% post and 
19.5% pre) converge with those of previous experiments 
in the field. Here, the distribution between pre- and post-
target errors is more balanced than in Experiment 1.

The quadratic function, fitted as in Experiment 1, ac-
counts for 83.3% of the variance, and the value estimated 
for hits is 23.8. That is, the 52.4% hit rate can be decom-
posed into 28.6% of hits by focalization and 23.8% of 
“fortunate conjunctions” produced by the sophisticated 
guessing mechanism.

Second responses analysis. The option “don’t know” 
was chosen as the second response in 10.2% of the trials, 
on average. When the first response was “don’t know,” the 
second one was also “don’t know,” in 99% of the trials.

The ANOVAs for the five conditional distributions again 
all yielded significant effects, indicating that the empirical 
distributions deviate from the uniform (pure guessing) hy-
potheses [Fs(3,12)  5.77, 14.32, 6.76, 11.21, and 9.18, 
respectively; ps  .05].

Employing the same procedures as in the previous 
experiment, we prepared Table 3, in which the mean re-
sponse percentages are shown. Using the same procedure 
as in the previous experiment, we obtained the correlation 
between the predictions based on the application of the 
constant ratio rule to the first responses and the observed 
frequencies in the second response. The correlation be-
tween the averages is r  .956 ( p  . 01). This indicates, 
as in the previous experiment, that both responses are 
probably selected on the same basis. Table 3 shows again 
as the first value within the parentheses the predicted con-
ditionalized probabilities for the 20 cells.

A close inspection of Tables 2 and 3 shows some regu-
larity in the differences between obtained and predicted 
values. The empirical values are lower than the predicted 
values in the central columns (hits) and in most neigh-
bor cells (positions 1)—that is, in those cells where the 
predicted values are high. On the other hand, in the cells 
far from the center (positions 2)—just those where the 

predicted values are small—the empirical values exceed 
the predictions. This regularity deserves some attention.

It appears as though the observed trend in the deviations 
between predicted and empirical values is due to some type 
of regression toward the mean in the actual data. This ap-
proach to the “average” is what would be observed if on 
some proportion of the trials the observers in fact make ran-
dom responses. Suppose that this happens with probability 
g after the first response has been given. Then, the theoreti-
cally predicted value for each cell (T) should be corrected 
in a new one (T ) by T   (1 – g)T  (g/4), because when 
a random response is given, the four alternatives available 
have the same probability of being selected for the response 
(g/4). The least-squares estimate for parameter g is .538 for 
Experiment 1 and .335 for Experiment 2.

The interpretation of parameter g deserves some atten-
tion before we assess any resulting improvement in the 
model’s fit. In many models for illusory conjunctions, it is 
recognized that some responses will be “random guesses.” 
But many of them (and of course the one identified here) 
are not real guesses, in the sense that the observer makes 
a blind response (as if his or her eyes were closed during 
the trial). Naturally, an observer willing to be perceived 
as cooperative with the experimenter can avoid the “don’t 
know” responses, making some random responses and 
being aware that those responses are pure guesses.

Suppose that in some proportion of the trials, the in-
formation related with the second response is lost or de-
graded while the observer is giving the first response. In 
the trials in which that happens, the second response will 
be selected from the disorganized and fragmented infor-
mation still available from the stream of letters. Instead of 
being governed by a Luce’s (1959) rule associated with 
the position in the series, any of the features presented in 
that trial are potentially selected with the same probability 
for the response. As a consequence, the responses look as 
if they were pure guesses, but in fact they are the product 
of a random mix of information from which the unaware 
observer gives what is considered to be a good response.

As a second example, suppose that in a trial, the ob-
server is asked to report the letter in red, and that the se-

Table 3 
Mean Percentages of Responses in Experiment 2 Corresponding to Each  

Option of the Critical Set in the Second Response, Conditionalized 
on the Option Chosen in the First Response

 Response 2

    2  1  0  1  2

2 21.3 33.1 31.7 13.9
(21.5; 22.7) (36.0; 32.3) (36.2; 32.4) (6.4; 12.6)

–1 13.4 36.8 37.3 12.5
(9.3; 14.5) (41.6; 36.0) (41.8; 36.2) (7.3; 13.3)

Response 1 0 15.9 28.1 41.3 14.8
(11.1; 15.8) (29.8; 28.2) (50.2; 41.8) (8.8; 14.2)

1 15.6 22.1 41.2 21.1
(11.2; 15.8) (29.9; 28.3) (50.1; 41.7) (8.8; 14.3)

2 11.3 17.9 30.7 40.1
(7.9; 13.6) (21.1; 22.4) (35.4; 31.9) (35.6; 32.0)

Note—The numbers in parentheses show first the predicted values following the Luce’s axiom 
assumed in the model (see the introduction section) and, second, the predicted values adding a 
number of random responses in the second response (see the Discussion of Experiment 2).
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quence in the critical set is F, S, D, U, K. Suppose that 
the observer misidentifies the target letter (D) as some 
other one. Note that we are not saying that the letters are 
correctly identified and wrongly bound with other colors. 
We are saying that the shape “D” can be misidentified as 
the letter O, for example, or any other curved letter. If in 
that trial the letter O is also presented in the critical set, 
then the response will be coded as an intrusion from the 
position where the letter O was presented. In short, a mis-
identification error is coded as a binding error of correctly 
identified features (as a genuine illusory conjunction).

The two sources described above illustrate how the 
probability of having a “random” response (the g value) 
is influenced by the probabilities that various sources con-
tribute to but are indistinguishable from random responses 
involved in any trial. Thus, in Experiment 1 (in which the 
color must be reported) there are only the same five colors 
in any trial. In Experiment 2 (in which the letter must be re-
ported) there are five critical letters that change from trial 
to trial and are never repeated in the series, even outside 
the critical set. Given these differences, the very nature 
of the features involved, and the specific discriminability 
of the exemplars employed, there is no reason to expect 
that the parameter g should be the same for any experiment 
with a task similar to the one employed here.

The predicted values with the model incorporating the 
parameter g appear as the second value within the paren-
theses in Tables 2 and 3. It is obvious that these values 
are much closer to the empirical numbers than those pre-
dicted from the previous, simpler model. Given that the 
only difference between both models is that the second 
one incorporates the g parameter (the second one is nested 
in the first one) it is appropriate to test whether the addi-
tion of another parameter significantly reduces the error 
variance (see, e.g., Maxwell & Delaney, 1990). The result 
is statistically significant for both experiments [F(1,18)  
90.51, p  .001, for Experiment 1, and F(1,18)  48.38, 
p  .001, for Experiment 2]. That is, in both sets of data, 
the errors of prediction are significantly reduced when 
including an estimate of the number of responses “ran-
domly” generated in the second responses.

Naturally, we wonder whether a parameter g would also 
be necessary for the first responses. However, our analy-
ses do not suggest that this would improve the model’s 
fit. Apparently, the processing required for the second 
response suffers from interference by the first response, 
but the opposite does not occur, most likely due to the 
sequential nature of the two responses, with additional 
delays occurring before the second responses.

GENERAL DISCUSSION

The reported results show the utility of asking for a 
second response candidate in RSVP tasks with two rel-
evant dimensions. Whereas the distribution of the first re-
sponses is indistinguishable from those obtained in exper-
iments with only one response, the analysis of the second 
responses sheds light on the functioning of the system, at 
least in relation to two theoretical issues. The first issue is 
that it is possible to make an educated (not random) sec-

ond response. Although we already know that the system 
can retain several items from an RSVP stream, in previ-
ous experiments those items were the stimuli themselves 
instead of their isolated features (e.g., Reeves & Sperling, 
1986). Here we have shown that several free-floating fea-
tures are available; they must be isolated features instead 
of integral stimuli (a package of features already bound), 
because if not, the observers would realize that those stim-
uli do not contain the target-defining feature. The pure 
guessing hypothesis applied to the second response would 
predict flat conditional distributions. However, we have 
found empirical distributions deviating from that signifi-
cantly, suggesting that it is possible to make an educated 
(not random) second response.

Several studies have shown that the features reported 
when producing illusory conjunctions in the space domain 
are not randomly chosen (e.g., Ashby et al., 1996; Cohen 
& Ivry, 1989; Hazeltine et al., 1997). The features from 
certain spatial positions are more likely than others to be 
chosen, thus indicating that although the binding process 
that generates a target percept has not been completed, the 
available features have certain partial information associ-
ated with them that makes them “better” or “worse” can-
didates for a response. This information serves to make 
guesses that certainly generate errors, but it yields better 
performance than would uneducated guesses. In short, the 
way to disconfirm the “pure guessing” hypothesis (Donk, 
1999) is to show that the probability of reporting a given 
feature is linked to some characteristic of the stimuli im-
portant for the ongoing task.

The features of the two dimensions employed to con-
struct the stimuli used in the present experiments were 
selected at random for each trial. As a consequence, the 
“pure guessing” assumption predicts a uniform distribu-
tion of responses around the target in an RSVP stream. 
However, there is still another possibility that retains the 
idea that only one feature is extracted on each trial. The 
idea is that the response features in the menu have dif-
ferent levels of likelihood for the observers, according 
to how close they are in the perceptual multidimensional 
space to the response feature taken as the first response.3 
That is, suppose that the shape of the letter S is the only 
response feature extracted when an observer is asked to 
report the letter in red. If the menu also contains the letters 
FTZC, then the shape of the letter C will more probably be 
selected as the second candidate, because it is the only one 
with curved lines and it is more similar to the shape se-
lected in the first place. Taking as a basis multiple aspects 
of the features, the observer can calculate a “similarity” 
value to make decisions. Fortunately, the experimental 
procedure employed here rules out this alternative expla-
nation. The random process followed for constructing the 
series, and the order of the features in the response menu, 
would produce a flat distribution of responses around the 
target. In fact, an observer following this procedure would 
generate a distribution indistinguishable from one gener-
ated at random.

In short, the results from the first responses in our two 
experiments, and in many other published studies, show 
that the pure guessing assumption is not tenable for il-
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lusory conjunctions in the time domain. What is new in 
the present research is extending the rejection of the pure 
guessing hypothesis to the second response as well.

The results support the idea that while a person is view-
ing the RSVP stream when searching for a target, possible 
response features from several successive stimuli are ex-
tracted and retained in parallel, and remain floating in the 
memory system for some time. If a target feature is de-
tected, but the associated response feature is not bound to 
it by the focalization process (“consolidated,” in Chun & 
Potter’s, 1995, terms), then the free-floating features can 
be used as the basis for guessing. Further, if two responses 
are required, it appears that guesses are generated by the 
same consistent rule.

The second issue has to do with the rule that is used to 
generate guesses. Our results suggest that the procedures 
for generating both responses, when they are wrong, are 
probably the same. In fact, the preferences shown in the 
first response allow accurate predictions of those shown 
in the second responses.

The constant ratio rule derived from Luce’s (1959) 
choice axiom makes good predictions for the second 
choice response probabilities. However, the demands of 
making two successive responses while retaining featural 
information from the RSVP stream probably result in some 
capacity limits on the accuracy of the rule application. In 
that case, the data for the second responses are more likely 
to be compromised by additional “pure guesses,” with a 
uniform distribution across response candidates, than are 
the data for the first responses.

This concatenation of pure and sophisticated guesses 
raises the question of whether we can be sure that any il-
lusory conjunctions have in fact occurred. When a letter 
or a color is wrongly reported as the target, we cannot 
tell whether it is the result of an illusory conjunction, a 
sophisticated guess, or a random guess. We can, however, 
use the data from first and second guesses to estimate the 
probabilities of successful feature binding as well as to 
evaluate the validity of the sophisticated guessing mecha-
nism as an explanation of the regularity in both first and 
second guess responses. We cannot be sure, but even if 
they are not actual illusory conjunctions, it is still inter-
esting to study what happens in this paradigm. With it, we 
can study the kind of information the observer has avail-
able for making a response. That information provides for 
the observer a more solid basis for perceptual inferences 
about the environment.

Even in “natural” conditions, far from the difficult con-
ditions of an RSVP task, errors and illusory conjunctions 
undoubtedly occur. The process of perception always en-
tails some processes of inference and interpretation. Il-
lusory conjunctions are one extreme case of such errors, 
but as in any other perceptual construction, our cognitive 
system employs the available information to develop a 
representation of the world around us. It is certain that our 
perception is not determined by random combinations of 
available features. It uses spatial and temporal proximi-
ties to maximize the probabilities that features originating 
from the same object are the ones that are in fact most 

usually bound together. Our conclusion here reinforces 
the idea that in interpreting the environment, we not only 
have integral percepts but also isolated features that are 
extracted and maintained in parallel, which can be used to 
reconstruct representations of external visual reality.
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NOTES

1. Although Donk’s (1999) challenge was directed specifically to illu-
sory conjunctions in the space domain, we refer to it here because for any 
proposal related to the generation of any kind of illusory conjunctions, 
the position that must be nullified by default is that they are generated 
at random, as “pure guesses,” or as random misidentifications of the 
features displayed.

2. That is, the frequencies of the four positions that according to the 
model are always produced by the sophisticated guessing mechanism 
( 2, 1, 1, and 2) in the first row of Table 1 are adjusted to a function 
of the form y  a  bx  cx2. Then, it is solved for the x  0 value, giv-
ing the relative frequency of “fortunate conjunctions” (quadratic func-
tions have shown reasonable fits to distributions of responses as do those 
generated by simulation of Luce’s, 1959, rule; Botella et al., 2001). Of 
course, the value estimated for x  0 and the four empirical values of 
the other positions must be rescaled to add to 100% when interpreted 
as estimates of conditional probabilities (expressed in percentages) for 
analyzing the second responses and fitting the final model.

3. We thank Eric Ruthruff, who directly suggested this possibility 
when reviewing the manuscript.
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