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report a stimulus size of 1.55 resulting in 7 cpd. According 
to Prinzmetal (personal communication, 2008, via Action 
Editor),

the peculiar way in which he measured the size of the 
Gabor stems from the fact that he was working with a 
screen snapshot of a stimulus. In other words, he did 
not generate the Gabor by specifying cycles/degree 
and standard deviation of the Gaussian. He created 
[the stimulus depicted in his] Figure 2 by converting 
the stimulus into a matrix of gray values. He then 
pasted the middle row of the matrix in delta graph. 
He measured the physical extent of the stimulus by 
marking where the gray values of the Gabor matched 
the gray values of the background, and the distance 
between these points, orthogonal to the grating, was 
1.55 degrees, not all of which may be visible.

This explanation is confusing to us. If, as it appears, 
the snapshot was a square frame containing a 45º rotated 
stimulus, then the profile orthogonal to the grating must 
be along the matrix diagonal, not the middle row. Our in­
terpretation of the quote in the paragraph above is that the 
1.55º measurement comes from a diagonal measurement of 
the square matrix in which the Gabor was embedded. Were 
this the explanation for this reported measure, the conven­
tional size of this matrix would be 1.55/�p2 5 1.09, which 
is close to the 1.05º reported originally. Note also that if 
the stimuli were 1.55º, given the peak contrasts Prinzmetal 
et al. (2008) reported in Table 1, the Barlow unit values in 
the same table would be incorrect, since these values are 
consistent with inputting to the formula a stimulus size of 
1.05 but inconsistent with a stimulus size of 1.55.

Although the reported Barlow units indicated a stimu­
lus diameter of 1.05º, spatial frequency does not affect 
contrast energy and cannot be deduced in the same man­
ner. Because Prinzmetal et al.’s (2008) Figure 2 indicated 
11 cpd, whereas the text reported 7 cpd, we decided to test 
with 7-cpd stimuli the same observers who had partici­
pated in the 11-cpd condition. With this stimulus configu­
ration, observers reached 90% localization performance 
at about 40% contrast (Figure 5B). This poor localization 
performance indicates that the stimuli in Prinzmetal et al. 
(2008) were indeed of significantly lower visibility than 
the stimuli of Carrasco, Ling, and Read (2004). In this 
case, given location uncertainty, it is also possible that ob­
servers adopted a bias-like strategy in which they were 
more likely to report the side containing the cue. However, 
as shown in Experiment 1, Phase 1, this was not the case 
in Carrasco, Ling, and Read.

DISCUSSION

Prinzmetal et al. (2008) suggest that the results of Car­
rasco, Ling, and Read (2004) arose not from attentional 
factors, but rather because observers were simply biased 
toward the cued location when the stimuli were near 
threshold. Here, we have outlined the key methodologi­
cal differences between these two studies that are likely 
responsible for the different results. In addition, the local­

in this case it is possible that observers adopted a bias-like 
strategy, in which they simply reported the side with the 
cue because that was the only object they perceived on 
the screen.

Just before submitting our reply, we were informed that 
the stimulus parameters reported in the accepted manu­
script were incorrect, and that the published version would 
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Carrasco, Ling, and Read (2004) and present stimuli, 4 cpd

Prinzmetal et al. (2008) stimuli, 11 cpd

Prinzmetal et al. (2008) stimuli, 7 cpd

Figure 5. Localization performance with the Prinzmetal et al. 
(2008) stimuli: Probability of correct localization of a single stim­
ulus on the right or left of fixation (vertical axis) versus a stimu­
lus’s Michelson contrast. (A) Triangles indicate performance for 
10 observers with 11-cpd, 1.05º visual angle Gabors, as reported 
by Prinzmetal et al. (2008, accepted version). (B) Circles indicate 
performance for 9 observers with 7-cpd, 1.05º visual angle Ga­
bors, as reported by Prinzmetal et al. (2008, published version). 
For comparison, we include the localization performance for 10 
observers with 4-cpd, 2º visual angle Gabors at 4º eccentricity, as 
used by Carrasco, Ling, and Read (2004; squares).
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tation of the stimulus of lower, rather than higher, apparent 
contrast, observers chose the cued test stimulus less fre­
quently (Carrasco, Ling, & Read, 2004; Ling & Carrasco, 
2007). Had the appearance results been due to a cue bias, 
observers would have chosen the cued stimulus more often 
than the other stimulus regardless of the direction of the 
task. Reversing the instructions has been a successful con­
trol in numerous appearance studies of contrast (Carrasco, 
Ling, & Read, 2004; Ling & Carrasco, 2007), spatial fre­
quency (Gobell & Carrasco, 2005), color saturation (Fuller 
& Carrasco, 2006), flicker rate (Montagna & Carrasco, 
2006), size of a moving object (Anton-Erxleben et al., 
2007), and speed (Turatto et al., 2007). Furthermore, the 
reverse instruction has also been used successfully when 
observers perform a comparative appearance judgment 
and orientation discrimination, as well as when they per­
form the comparative appearance judgment only (Anton-
Erxleben et al., 2007; Carrasco, Ling, & Read, 2004).

Prinzmetal et  al. (2008) assert that these reverse-
instruction results can be explained by observers still hav­
ing a bias for the cued stimulus if the stimuli are at or 
below threshold but somehow “reversing” the decision 
before responding. Given that the stimuli we used are su­
prathreshold (Figure 3) in the present study, as well as in 
all other studies mentioned in the previous paragraph deal­
ing with a variety of dimensions (spatial frequency, speed, 
flicker rate, and object size), Prinzmetal et al. (2008)’s 
interpretation is not applicable.

Performance. The signature of attentional modulation 
on behavior is an improvement in performance for an at­
tended stimulus. Prinzmetal et al. (2008) claim that Car­
rasco, Ling, and Read (2004) did not report a performance 
measure, which is not true. We reported that attention “im­
proved performance by 10% at PSE, and ranged from 18% 
at lower contrasts to 4% at higher contrasts where perfor­
mance approached asymptote” (Carrasco, Ling, & Read, 
2004, p. 310).

Other studies dealing with appearance—contrast 
(Fuller et al., 2008; Ling & Carrasco, 2007), saturation 
(Fuller & Carrasco, 2006), motion coherence (Liu et al., 
2006), and size of a moving object (Anton-Erxleben et al., 
2007)—have also documented a concurrent effect of at­
tention on appearance and on performance level. Perfor­
mance in the studies dealing with contrast and saturation 
has been assessed with an orientation discrimination task 
(Carrasco, Ling, & Read, 2004; Fuller & Carrasco, 2006; 
Fuller et  al., 2008; Ling & Carrasco, 2007), whereas 
performance in studies dealing with motion has been as­
sessed with a motion direction discrimination task (Anton-
Erxleben et al., 2007; Liu et al., 2006). Improvements in 
such performance-based tasks indicate that exogenous 
attention has been successfully engaged to a peripheral 
location. Because cue location and stimulus orientation 
are uncorrelated, concurrent improvements at the cued 
locations and impairments at the uncued locations further 
show that the appearance results are not due to response 
bias. This has been the case for several studies in which 
the stimuli have been titrated to individual observer per­
formance thresholds in the 75%–80% correct range, al­
lowing room for both improvements and impairments; 

ization performance for the stimulus parameters used by 
Carrasco, Ling, and Read (Figure 3), and the comparison 
for stimulus parameters used by Prinzmetal et al. (2008) 
and by Carrasco, Ling, and Read (Figure 5), unequivocally 
show that the stimulus contrasts we used here (as well as 
in Carrasco, Ling, & Read, 2004, and in Ling & Carrasco, 
2007) are suprathreshold, not near threshold or of low 
visibility, and are thus immune from the visibility-based 
cue-bias hypothesis laid forth by Prinzmetal et al. (2008). 
Furthermore, we have provided empirical evidence show­
ing that, whereas a precue affects contrast appearance, a 
postcue does not (Figure 4), providing additional evidence 
against a cue-bias explanation for our results.

Ruling Out Alternative Explanations  
for the Cuing Effect

The bias hypothesis put forth by Prinzmetal et al. (2008) 
cannot account for several control experiments that had 
been conducted to rule out cue or response bias. Here we 
outline those experiments to underscore how difficult it 
would be to provide a convincing “response bias” model 
that would explain all these results. Note that each of these 
controls deals with contrast appearance studies as well as 
with studies in other visual dimensions.

Postcue versus precue. In previous studies dealing 
with perceived contrast of suprathreshold stimuli (Car­
rasco, Ling, & Read, 2004; Fuller et al., 2008; Ling & 
Carrasco, 2007), we used many controls (see below), but 
we did not apply the postcue control to the contrast ap­
pearance studies. This control was introduced in a study 
dealing with the effects of transient attention on appear­
ance of characteristics related to spatial resolution—per­
ceived spatial frequency and perceived gap size. Given 
that the spatial and temporal contiguity between cue and 
stimulus were the same, if the effect of appearance were 
due to a cue bias, the pattern of results would be the same, 
whether the cue was presented before or after the stimuli. 
The results were clear-cut: Precuing, but not postcuing, 
resulted in an appearance effect (Gobell & Carrasco, 
2005). Subsequently, others have also successfully used 
a postcue control in appearance studies (Anton-Erxleben 
et al., 2007; Turatto et al., 2007). The results of all these 
control experiments are consistent with an fMRI study in­
vestigating the neural basis of transient attention, in which 
precuing, but not postcuing, the target location increased 
stimulus-evoked response in corresponding retinotopic 
striate and extrastriate areas (Liu et al., 2005).

Using low-visibility stimuli in conjunction with this 
postcue control, Prinzmetal et al. (2008) reported that they 
got comparable results whether the cue appeared before 
(Experiment 1) or after (Experiment 4) the stimuli. This 
result is likely due to the low visibility of their stimuli. 
Here, we show a clear dissociation between conditions 
when the suprathreshold stimuli are precued and when 
they are postcued; although there is a clear shift in per­
ceived contrast for the precue, the postcue shows no such 
shift (Figure 4). These results unequivocally support an 
appearance rather than a cue-bias account.

Reversed direction of the task question. We have 
shown that when observers were asked to report the orien­
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by 500 msec, neutral and peripheral conditions did not 
differ. Appearance studies of contrast (Carrasco, Ling, & 
Read, 2004; Fuller et al., 2008; Hsieh et al., 2005), mo­
tion coherence (Liu et al., 2006), and speed (Turatto et al., 
2007) show that when transient attention is no longer ac­
tive, stimulus appearance is not altered. 

Location asymmetry. The magnitude of the appear­
ance effect varies at different locations of the visual field; 
the effect is greater on the lower than on the upper vertical 
meridian (Fuller et al., 2008). We have proposed a model 
based on signal detection theory to explain this differential 
effect by unequal attention modulation at isoeccentric loca­
tions on the vertical meridian. Of specific relevance is the 
fact that response bias cannot explain this difference in at­
tentional effects (Fuller et al., 2008). If anything, a cue bias 
would predict the effect of attention to be more pronounced 
on the upper than the lower vertical meridian, since contrast 
sensitivity is lower in the former than in the latter (Cameron 
et al., 2002; Carrasco, Talgar, & Cameron, 2001).

Evidence across visual domains. Finally, there is an 
obvious but unanswered question: How would a cue bias 
hypothesis contingent on stimuli being near threshold 
(Prinzmetal et al., 2008) be able to explain appearance 
findings with other suprathreshold stimuli, such as spatial 
frequency (Gobell & Carrasco, 2005), motion (Liu et al., 
2006), flickering gratings (Montagna & Carrasco, 2006), 
saturation (Fuller & Carrasco, 2006), speed (Turatto et al., 
2007), and size of a moving stimulus (Anton-Erxleben 
et al., 2007)? Particularly relevant for this reply are other 
studies of exogenous attention and perceived contrast 
(Hsieh et al., 2005), including those manipulating cue po­
larity (Ling & Carrasco, 2007) and location along the ver­
tical meridian (Fuller et al., 2008). Moreover, how could 
a visibility-based cue-bias hypothesis account for studies 
showing that the appearance effect on spatial frequency 
(Gobell & Carrasco, 2005) and on flicker rate (Montagna 
& Carrasco, 2006) was not mediated by contrast? 

To conclude, the question of whether the method used by 
Carrasco, Ling, and Read (2004) is susceptible to response 
bias has been examined by all the controls mentioned above 
(not just the ones mentioned by Prinzmetal et al., 2008). 
These controls have effectively ruled out the possibility of 
response bias in contrast appearance, as well as in many 
other visual dimensions, and any new claim of response bias 
should address all these control experiments adequately.

Location Uncertainty
Prinzmetal et al. (2008) also invoke location uncer­

tainty to explain our previous findings. However, we have 
shown here that the stimuli in Carrasco, Ling, and Read 
(2004) are suprathreshold (Figure 3) and that there is no 
location uncertainty. Note that an explanation based on 
either location uncertainty or cue bias would predict the 
largest effect for the lowest stimulus contrast, but this was 
not the case. Finally, location uncertainty models typically 
require a target stimulus to be in the design, but there is no 
designated target in the appearance paradigm; observers 
select the stimulus whose orientation they discriminate.

Prinzmetal et al. (2008) further suggest that location 
uncertainty may be responsible for the behavioral effects 

see Fuller and Carrasco (2006, p. 4042), Liu et al. (2006, 
pp. 1093–1094), and Fuller et al. (2008, pp. 9–10).

Prinzmetal et al. (2008) report higher accuracy for the un­
cued than for the cued stimuli for an orientation discrimina­
tion task. They acknowledge that this was a surprising result 
and attribute it to their cue-bias hypothesis. This finding is 
inconsistent with the vast majority of studies assessing the 
effect of exogenous attention on orientation discrimination 
(e.g., Cameron, Tai, & Carrasco, 2002; Carrasco, Giordano, 
& McElree, 2004, 2006; Carrasco et al., 2000; Dosher & 
Lu, 2000a, 2000b; Fuller et al., 2008; Ling & Carrasco, 
2006a, 2007; Lu & Dosher, 1998, 2000; Pestilli & Carrasco, 
2005; Pestilli, Viera, & Carrasco, 2007). But more impor­
tantly, it questions whether their results are due to the atten­
tional manipulation or to a sensory interaction between cue 
and stimulus. Their stimulus configuration was such that 
the distance between the centers of the cue and target was 
presumably very small. Although Prinzmetal et al. (2008) 
do not explicitly report this distance, we presume that the 
distance was around 0.75º, since it appears that their stimuli 
were scaled down to roughly half the size of ours (the dis­
tance between the centers of the cue and target was 1.5º). It 
is possible that this cue-to-stimulus distance was too close, 
and the peripheral cue they used in their experiment actually 
masked the cued stimulus, which would explain their slight 
decrease in performance at the cued location. Moreover, the 
size of the exogenous cue, although not specified, was pre­
sumably very small as well. Given that their stimuli were all 
scaled down by about half of those used in Carrasco, Ling, 
and Read (2004) their cue size was approximately 0.15º, 
which perhaps was neither large nor salient enough to grab 
observers’ transient attention.

To be able to conclude that there is no effect of attention 
on appearance, it is important to show that attention was 
manipulated effectively. We have previously argued that 
when attention does not alter appearance, it is necessary to 
verify that attention alters performance in tasks mediated 
by the same stimuli (e.g., Carrasco, in press). For instance, 
we have reported that attention did not alter appearance 
of color hue, yet it did improve orientation discrimina­
tion performance for stimuli of the same hue (Fuller & 
Carrasco, 2006). Thus, we could rule out the possibility 
that the lack of an appearance effect would result from 
an ineffective attentional manipulation. In contrast, given 
the higher accuracy for the uncued than the cued location, 
Prinzmetal et al. (2008) did not have evidence that their 
attentional manipulation was effective. Moreover, the 
finding that attention alters saturation appearance, but not 
hue, supports the idea that attention alters appearance and 
that the effects are not due to a cue bias, which would lead 
to the same effect regardless of visual dimension (Car­
rasco, in press; Fuller & Carrasco, 2006).

Lengthened interval between the cue and target. 
Due to the ephemeral nature of transient attention, whose 
effect peaks at ~120 msec and decays rapidly (Cheal & 
Lyon, 1991; Nakayama & Mackeben, 1989; Remington, 
Johnston, & Yantis, 1992), a lengthened interval between 
the cue and target should eliminate any effect that it may 
have on perception, and any residual effect would be at­
tributed to a cue bias. When the cue preceded the stimuli 
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certainty is not an issue (e.g., Baldassi & Burr, 2000; Car­
rasco et al., 2000; Carrasco, Williams, & Yeshurun, 2002; 
Dosher & Lu, 2000a, 2000b; Fuller et al., 2008; Ling & 
Carrasco, 2006a, 2006b, 2007; Lu & Dosher, 1998, 2000; 
Morgan, Ward, & Castet, 1998; Pestilli & Carrasco, 2005; 
Pestilli et al., 2007; Talgar, Pelli, & Carrasco, 2004; Ye­
shurun, Montagna, & Carrasco, 2008).

In conclusion, the aforementioned evidence suggests that 
location uncertainty is relevant for Prinzmetal et al. (2008), 
who used near-threshold or low-visibility stimuli (Figure 5), 
but neither for the present study nor for the Carrasco, Ling, 
and Read (2004), Ling and Carrasco (2007), and Fuller 
et al. (2008) studies, which used suprathreshold stimuli 
(Figure 3).

Perceived Brightness: Tsal, Shalev, Zakay,  
and Lubow (1994) and Schneider (2006)

Prinzmetal et al. (2008) refer to two studies dealing with 
perceived brightness and draw comparisons with the results 
of Carrasco, Ling, and Read (2004) on perceived contrast. 
Here we detail the differences with these studies and explain 
why we consider such direct comparisons inappropriate.

Tsal et al. (1994). Tsal et al. (1994) reported that atten­
tion reduces perceived brightness contrast (but see Prinz­
metal, Nwachuku, Bodanski, Blumenfield, & Shimizu, 
1997, for an alternative explanation). Observers were 
asked to make a comparison judgment between the target 
and one of four test patterns held in memory, thus forcing 
observers to rely on a possibly biased categorical memory 
representation to make their responses (Experiments 1–3). 
In Experiment 4, the authors eliminated postperceptual bi­
ases that could have affected the first three experiments. 
They conclude that the attended stimulus was perceived as 
brighter or darker than was the unattended stimulus when it 
appeared on a white or a black background, respectively.

Prinzmetal et  al. (2008) inaccurately claim that the 
paradigm in Tsal et al. (1994) was “identical” to the one 
used in Carrasco, Ling, and Read (2004). The paradigms 
used in the two studies actually differ in fundamental ways 
regarding both task and stimulus.

The visual domain being investigated fundamentally 
differed between Tsal et al. (1994) and Carrasco, Ling, 
and Read (2004). Tsal et al. asked observers to judge the 
relative brightness of two squares presented on a (black 
or white) homogeneous background. Note that luminance 
and contrast processing are largely independent in natural 
images, as are the mechanisms of luminance-gain control 
and contrast-gain control in the early visual system (Mante, 
Frazor, Bonen, Geisler, & Carandini, 2005). Indeed, Tsal 
et al. stated, “The present findings do not necessarily dem­
onstrate a direct effect of attention on contrast perception. 
. . . It is more likely that attention interferes at a later stage 
by minimizing the effect of these processes on the percep­
tual representation of brightness” (p. 890). Carrasco, Ling, 
and Read asked observers to judge the orientation of the 
higher/lower contrast stimulus, not brightness.

Because Tsal et al. (1994) were interested in perceived 
brightness, there were profound differences in the stimuli 
used. Tsal et al. used 0.69º squares as stimuli, presented at 
two opposite positions of eight possible positions around 

observed in an fMRI study by Liu et al. (2005). How­
ever, key aspects of this study are not mentioned: First, 
observers performed an orientation discrimination task 
on suprathreshold stimuli, and location uncertainty is rel­
evant for detection but not discrimination of such stimuli 
(Foley & Schwarz, 1998). Second, the main point of this 
study was that exogenous attention increased the retino­
topic BOLD activity for precued locations, not for post­
cued locations, thus ruling out the sensory contribution of 
the cue. No uncertainty model predicts such changes of 
BOLD in visual cortex.

Prinzmetal et al. (2008) also cite a study by Cameron 
et al. (2002) as further evidence for a location uncertainty 
explanation of the effects of transient attention. This study 
assessed the effects of transient attention by comparing 
the stimulus contrast necessary for observers to perform 
an orientation discrimination task (Nachmias, 1967), with 
or without the aid of transient attention. Regarding this 
study, Prinzmetal et al. (2008) speculate that “on trials 
when the distractor was cued, performance would have 
been worse than when the target was cued because the 
observer was biasing the response on the wrong stimu­
lus.” However, this speculation is groundless, since the 
purpose of Cameron et al. was to exclude factors of exter­
nal noise reduction, and therefore only one suprathreshold 
target appeared in the display, in the absence of distrac­
tors or masks. Furthermore, Cameron et al. showed that 
the benefit of transient attention was comparable in two 
orientation discrimination conditions (615º and 64º tilt), 
even though localization performance was higher on the 
localization task for the fine discrimination targets, for 
which the stimulus contrast was higher (Cameron et al., 
2002, Figure 10). These results showed that the benefit of 
attention could not solely be explained by a reduction of 
location uncertainty.

More relevant for Prinzmetal et al.’s (2008) argument on 
location uncertainty are studies with uninformative periph­
eral precues (Pestilli & Carrasco, 2005; Pestilli et al., 2007). 
In these studies, we presented two simultaneous stimuli and 
included a response cue so that location uncertainty regard­
ing which stimuli observers should report was eliminated 
(Dosher & Lu, 2000b). Consistent with Liu et al. (2005), 
those studies showed that contrast sensitivity is enhanced 
at the cued location and diminished at the uncued location 
(Pestilli & Carrasco, 2005; Pestilli et al., 2007).

Prinzmetal et al. (2008) also mention a detection study 
in which observers were more accurate in a detection task 
on the cued than on the uncued location only when the 
fiducial markers indicating target location were not pres­
ent—that is, when there was location uncertainty (Gould, 
Wolfgang, & Smith, 2007). Indeed, only a few studies 
have reported effects of attention on detection (e.g., Car­
rasco et al., 2000; Smith, 2000). Prinzmetal et al. (2008) 
claim that whereas endogenous attention can affect perfor­
mance, exogenous attention has no influence on accuracy. 
However, this cannot be generalized to discrimination 
studies, in which effects of attention on performance have 
been found for both low- and high-contrast stimuli. There 
are many discrimination studies documenting the effects 
of exogenous attention on performance, when location un­
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tamination of the stimulus by the precue. Indeed, masks 
with characteristics similar to Schneider’s precue can lead 
to similar differential effects depending on the luminance 
of the mask, with white rings increasing apparent bright­
ness more than do black rings (Breitmeyer et al., 2006).

Schneider (2006) predicted that reversing the cue’s lu­
minance polarity should lead to differential cuing effects 
in Carrasco, Ling, and Read (2004) paradigm. However, 
when we tested this prediction, both black and white cues 
increased the apparent contrast to the same degree, thus 
confirming that the cue effect is due to attention rather 
than to sensory factors (Ling & Carrasco, 2007). We rep­
licated this finding in the present study.

Of critical importance for the present reply is the fact 
that using the same paradigm and parameters as Carrasco, 
Ling, and Read (2004; Experiment 2), Schneider (2006) 
has recently replicated our high-contrast findings (per­
sonal communication, 2008; Schneider & Komlos, 2008), 
although in his talk he concluded that attention does not 
alter appearance, but rather influences a decisional stage. 
However, on the basis of his replication of our findings, 
and consistent with our previous studies, Schneider now 
concludes that the results are not due to sensory interac­
tions between the cue and stimuli or cue bias (as claimed 
by Schneider, 2006, and Prinzmetal et al., 2008).

Attention and Veridicality
Prinzmetal et al. (2008) state, “Attention should make 

our interactions with the world more successful, and it can 
only do this by making our perceptions more accurate, not 
by shifting them. . . . Like lightness constancy, attention 
should lead to a more veridical perception of the world. 
. . . To be a useful mechanism in an evolutionary sense, 
attention should not lead us astray” (p. 1149).

We disagree with this idea for the following reasons.
1. Lightness constancy is actually an example of a per­

ceptual phenomenon where our visual system is not acting 
veridically, but rather altering our percept on the basis of 
contextual cues (e.g., Adelson, 2000; Gilchrist, 1988).

2. Several studies have shown that attention can actually 
impair our perception (Carrasco, Loula, & Ho, 2006; Ling 
& Carrasco, 2006b; Talgar & Carrasco, 2002; Yeshurun, 
2004; Yeshurun & Carrasco, 1998, 2000, 2008; Yeshurun 
& Levy, 2003; Yeshurun et al., 2008) and enhance afteref­
fects (e.g., Alais & Blake, 1999; Bahrami, Carmel, Walsh, 
Rees, & Lavie, 2008; Ling & Carrasco, 2006b; Liu, Lars­
son, & Carrasco, 2007; Spivey & Spirn, 2000).

3. There is a vast literature demonstrating that the visual 
system operates on the retinal image so as to maximize its 
usefulness to the perceiver, often producing nonveridical 
percepts. The visual system does not provide an internal 
one-to-one copy of the external visual world; rather, it op­
timizes processing resources by enhancing relevant fea­
tures of our visual environment at the expense of a sketchy 
representation of less relevant aspects. Attention is one 
pervasive example of this perceptual optimization: Atten­
tion augments perception by optimizing our representa­
tion of sensory input, and by emphasizing relevant details 
at the expense of a faithful representation of the sensory 
input (Treue, 2004).

three circles (~10º, 12º, or 15º eccentricity). Half the tri­
als were presented on a white background, and the others 
were presented on a black background. Carrasco, Ling, 
and Read (2004) used 2º Gabor patches (2º 3 2º sinusoi­
dal gratings enveloped by a Gaussian), presented to the 
left and right of fixation at 4º along the horizontal merid­
ian on a gray background.

Finally, the paradigms used in the two studies are very 
different as well. Tsal et al. (1994) asked observers to 
make direct appearance judgments; observers were asked 
to indicate which square was brighter or darker (between 
subjects). Carrasco, Ling, and Read (2004) asked observ­
ers to make an orientation judgment, contingent on rela­
tive appearance. The design emphasized to observers the 
orientation judgment, when in reality we were interested 
in their contrast judgments. In addition, assessing orienta­
tion discrimination meant there was an objective index of 
the effectiveness of the attention manipulation.

Given all these differences, there is no reason to infer 
that the attention effects would necessarily be parallel in 
Tsal et al. (1994) and in Carrasco, Ling, and Read (2004). 
We acknowledge the possibility that attention exerts a dif­
ferent effect on perceived brightness (Tsal et al., 1994) 
compared with perceived contrast (present study and Car­
rasco, Ling, & Read, 2004; Fuller et al., 2008; Hsieh et al., 
2005; Ling & Carrasco, 2007).

Schneider (2006). In another study, Schneider (2006) 
reported that peripheral cues increase perceived bright-
ness only at stimulus levels near detection threshold, 
more so for white than for black cues. He proposed that 
the findings of Carrasco, Ling, and Read (2004) regarding 
perceived contrast might not be due to attention increas­
ing apparent contrast, but rather due to sensory interac­
tions between the cue and stimuli, particularly at higher 
stimulus contrasts. Ling and Carrasco (2007), in a reply to 
Schneider, showed that his results on brightness contrast 
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et al., 2005; Ling & Carrasco, 2007). However, this conclu­
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tion) used in Schneider’s study has also been shown to act 
as a forward, paracontrast mask (Breitmeyer et al., 2006; 
Ogmen, Breitmeyer, & Melvin, 2003), which could extin­
guish any attentional effects on perceived brightness. Thus, 
because the precue could have served double duty as both 
an attentional cue and an unintended paracontrast mask, it 
is possible that Schneider’s results are due to sensory con­
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Gould, I. C., Wolfgang, B. J., & Smith, P. L. (2007). Spatial uncer­
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Hsieh, P.-J., Caplovitz, G. P., & Tse, P. U. (2005). Illusory rebound 
motion and the motion continuity heuristic. Vision Research, 45, 
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CONCLUSION

It is likely that the appearance enhancement reported 
here and in previous studies (Carrasco, Ling, & Read, 2004; 
Fuller et al., 2008; Ling & Carrasco, 2007) accompanies the 
increased contrast sensitivity observed in many psychophys­
ical studies. The conclusion that attention increases apparent 
contrast supports a “linking hypothesis,” which states that 
the attentional enhancement of neural firing is interpreted as 
if the stimulus had a higher contrast. Converging evidence 
from neurophysiological, psychophysical, and neuroimag­
ing studies supports this proposal (Carrasco, 2006; Luck, 
2004; Reynolds & Chelazzi, 2004; Treue, 2004).

Using the appearance paradigm introduced by Car­
rasco, Ling, and Read (2004), it has been found that atten­
tion alters our subjective impression of many dimensions 
of spatial and temporal vision, mediated by the ventral and 
dorsal streams, respectively: contrast (Carrasco, Ling, & 
Read, 2004; Fuller et al., 2008; Hsieh et al., 2005; Ling 
& Carrasco, 2007; present study), spatial frequency and 
gap size, both related to spatial resolution (Gobell & 
Carrasco, 2005), color saturation (but not hue; Fuller & 
Carrasco, 2006), and perceived size of moving visual pat­
terns (Anton-Erxleben et al., 2007), as well as flicker rate 
(Montagna & Carrasco, 2006), motion coherence (Liu 
et al., 2006), and perceived speed (Turatto et al., 2007).

By showing that the spatial deployment of attention leads 
to a change in phenomenological experience, these stud­
ies confirm the intuition of William James (1890/1950), 
who proposed that attention could intensify the sensory 
impression of a stimulus. Attention not only affects how 
we perform in a visual task, it also affects what we see and 
experience. Consistent with previous studies (Carrasco, 
Ling, & Read, 2004; Fuller et al., 2008; Hsieh et al., 2005; 
Ling & Carrasco, 2007), here we show that attention in­
creases perceived contrast of suprathreshold stimuli, for 
which there is no location uncertainty, and we rule out a 
cue-bias explanation of the results.
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