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1. Introduction
Recent behavioral and brain imaging studies on visual
perception in congenitally deaf subjects provide increasing
evidence that visual skills are enhanced in deaf people as
compared with hearing people, especially when visual stimuli
are presented in the peripheral visual field and the tasks are
attention-demanding (e.g., Rettenbach et al., 1999; Stivalet et
al., 1998). For example, Bavelier and colleagues (2000, 2001)
found that deaf subjects were better at detecting peripheral
than central motion changes, while hearing subjects showed
the reverse pattern. Correspondingly, the posterior parietal
cortex was more activated in deaf subjects than in hearing
subjects (Bavelier et al., 2001), and the effective connectivity
between the medial temporal/medial superior temporal
cortex (MT/MST) and the posterior parietal cortex was stronger
in deaf than in hearing subjects during the peripheral but not
the central attention (Bavelier et al., 2000). By manipulating
the perceptual load of visual search in the central display and
by putting the interfering flanker either in the central or in the
peripheral display, Proksch and Bavelier (2002) found that deaf
subjects showed a shorressr7deaf
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periphery and the normal IOR mechanisms function in the
experiments on the other hand.

In Experiment 1, we manipulated levels of the pre-response
and response conflicts (Eriksen and Schultz, 1979; Milham et
al., 2001; van Veen et al., 2001) by using four stimuli (e.g., red,
green, yellow, blue), with two of them (e.g., red, green) requiring
one response and the other two (yellow, blue) requiring another
response. A target and its flanker potentially requiring diffe-
rent responses (e.g., red, yellow) would constitute conflicts at
both the pre-response and the response levels (“response-
incongruent” condition, RI), while a target and its flanker
requiring the same response (e.g., red, green) would constitute
conflicts only at the pre-response level (“stimulus-incongru-
ent” condition, SI). There was also a congruent condition in
which the target and its flanker were the same (“congruent”
condition, CO). Therefore, relative to the CO condition, the RI
condition could produce conflicts at both the response and the
pre-response levels, whereas the SI condition could generate
conflicts mainly at the pre-response level. The comparison
between RI and SI conditions would reveal conflicts only at the
response level. Similar manipulations were also used in
Experiment 2 in which two letters (A and B) required one
response while two digits (4 and 5) required another response.

We do not assume that information processing from
sensory encoding to response execution is in discrete stages,
as evidence has shown that information flows continuously
between levels of representation. Response activation can not
only begin before the completion of perceptual processing, but
also feedback to earlier levels of perceptual processing (e.g.,
Eriksen and Schultz, 1979). Nevertheless, by using the above
manipulations we can examine, to a large extent, whether the
possible interaction between flanker interference and spatial
attention is at the response level or at the pre-response level
and how this interaction is modulated by the availability of
Table 1 – Mean reaction times (ms) and error rates (%) as a func
and 2

Cued

RI SI CO

Experiment 1A RT 776 729 744
Hearing SD 88 83 74
(25%
detection)

Error 4.7 2.0 4.3

Experiment 1B RT 757 730 722
Deaf SD 77 58 83
(25%
detection)

Error 4.1 2.3 3.9

Experiment 2A RT 744 701 720
Hearing SD 101 89 98
(25%
detection)

Error 1.9 1.7 1.9

Experiment 2B RT 774 751 747
Deaf SD 104 99 97
(25%
detection)

Error 2.0 1.7 0.2

Experiment 2C RT 682 666 666
Hearing SD 68 66 64
(57%
detection)

Error 1.1 1.7 1.4
attentional resources in hearing and deaf people. We also
manipulated the allocation of attentional resources to the
periphery by varying the percentage of peripheral detection
trials for hearing subjects. If the peripheral attention is
enhanced in deaf subjects as compared with hearing subjects,
hearing subjects should show the same pattern of behavioral
performance as deaf subjects when they are forced to allocate
more attentional resources to the peripheral visual field.
2. Experiment 1

2.1. Results

Incorrect responses were discarded and RTs longer than
1500 ms or shorter than 200 ms (0.75% of total trials for
hearing subjects and 1.21% for deaf subjects) were also
discarded. Mean RTs and error rates were then calculated for
each subject and experimental condition. Table 1 summarizes
the mean RTs and error rates in all the conditions of
Experiment 1 and Experiment 2.

RTs in the peripheral detection task from each subject
group were entered into a 2 (subject group)×2 (cue validity)
ANOVA. Results showed that the main effect of cue validity
was significant, F(1,36)=9.95, p<0.005, indicating that, across
the two groups of subjects, RTs were faster to targets at the
uncued location (644 ms) than at the cued location (662 ms).
The main effect of subject group was significant, F(1,36)=9.20,
p<0.005, suggesting that the mean detection RT to peripheral
targets was much faster in deaf subjects (624 ms) than in
hearing subjects (683 ms; see Fig. 1A). The interaction between
cue validity and subject group was not significant, F<1,
indicating that the IOR effects were equivalent across the
two groups.
tion of cue validity and flanker congruency in Experiments 1

Uncued Detection

RI SI CO Cued Uncued

769 760 741 694 672
79 79 80 59 54
4.4 2.7 3.6 0.9 0.7

752 729 729 631 617
73 61 77 70 67
3.7 2.7 2.5 0.8 0.6

724 726 729 680 665
98 94 95 82 88
2.7 2.7 2.9 1.4 1.9

780 747 739 626 613
111 90 98 70 62

2.0 1.5 1.5 2.0 1.1

685 661 666 521 500
66 64 64 73 75
1.4 1.4 1 0.3 0.3



RTs in the central color discrimination tasks from each
group were submitted to a 2 (subject group)×2 (cue validity)×3
(flanker congruency) ANOVA. Results showed that the main
effect of flanker congruency was significant,



however, were much faster (by 59 ms) at detecting peripheral
targets than hearing subjects regardless of the cue validity.
The latter result is in agreement with previous results
showing that deaf subjects were faster and more accurate
than hearing subjects at detecting (Loke and Song, 1991) and
discriminating (Neville and Lawson, 1987a,b) stimuli pre-
sented in the periphery.



Fig. 3 – (A) Plots of mean RTs with standard errors as a
function of cue validity and flanker congruency in the central
letter/digit discrimination task of Experiment 2A
(hearing group, 25% detection trials). (B) Plots of mean RTs
with standard errors as a function of cue validity and flanker
congruency in the central letter/digit discrimination task of
Experiment 2B (deaf group, 25% detection trials). (C) Plots of
mean RTs with standard errors as a function of cue validity
and congruency in the central letter/digit discrimination task
of Experiment 2C (hearing group, 57% detection trials)
(*p<0.05; **p<0.01).
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t(18)=2.38, p<0.05, but the reason for this effect was that
subjects responded faster to the SI stimuli than to the CO
stimuli, which replicated the SI facilitatory effect in Experi-
ment 1A. At the uncued location, no significant effects were
observed for hearing subjects.

For the deaf group, the main effect of flanker congruency
was significant, F(2,32)=16.36, p<0.001. No other main effects
or interactions reached significance. Further tests on the
congruency effect revealed significant differences between RI
and SI conditions at both the cued location, t(16)=4.07,
p<0.005, and the uncued location, t(16)=3.26, p<0.01, suggest-
ing that there were equivalent response level interferences at
both locations. However, there were no pre-response level
interferences at either location, i.e. there were no differences
between RTs to the SI and the CO stimuli (p>0.1; see Fig. 3B).
Analysis of error rates in the central discrimination task did
not reveal any significant effects.

3.1.2. Experiment 2C
It is clear from Fig. 3 that the pattern of flanker congruency
effects at the cued and uncued locations in hearing subjects
was similar to that in deaf subjects of Experiment 2B, when
hearing subjects allocated more attentional resources to the
periphery because of the larger proportion of peripheral
detection trials. Statistical analysis confirmed this observa-
tion. A 2 (cue validity) × 3 (flanker congruency) ANOVA
revealed only a significant main effect of flanker congruency,
F(2,40)=21.40, p<0.001. Neither the main effect of cue validity
nor the interaction between cue validity and flanker con-
gruency was significant, both F<1. Further tests on the
congruency effects found significant differences between RI
and SI conditions at both the cued location, t(20)=3.39,
p<0.005, and the uncued location, t(20)=4.72, p<0.001. No
differences were found between SI and CO conditions, both
t(20)<1.

A significant IOR effect (21 ms) was obtained in the
peripheral detection task of Experiment 2C, t(20) = 8.34,
p<0.001. The size of this effect was comparable with that in
Experiment 2A (15 ms). A 2 (Experiment 2A vs. Experiment
2C)×2 (cue validity) ANOVA on the detection data suggested
that the main effect of cue validity was significant,
F(1,38)=22.18, p<0.001, but the interaction between experi-
ment and cue validity was not, F(1,38)<1. Moreover, the main
effect of experiment was significant, F(1,38)=42.3, p<0.001,
indicating that the mean RTs to peripheral targets were
significantly faster in Experiment 2C (510 ms) than in
Experiment 2A (672 ms).

3.2. Discussion

Results in the peripheral detection task replicated the results
in Experiment 1 by showing that deaf subjects were faster
than hearing subjects at detecting peripheral targets irrespec-
tive of the cue validity and that hearing and deaf subjects
exhibited comparable sizes of IOR effects. For the central
letter/digit discrimination task, deaf subjects' performances
had the same pattern as their performances in the central
color discrimination task of Experiment 1B, with only the
response level interferences at the cued and the uncued
locations. Hearing subjects also showed the same pattern of
congruency effects at the cued location in the two tasks, with
interferences for the RI stimuli and facilitations for the SI
stimuli. At the uncued location, however, hearing subjects did
not show any congruency effects in the letter/digit discrimi-
nation task. When hearing subjects were forced to pay more
attention to the peripheral visual field in Experiment 2C
because of the larger percentage of peripheral detection trails,
they behaved like deaf subjects in the central discrimination
task and showed a similar improvement in RTs to the
peripheral targets.

The significant response conflicts at the cued location and
the absence of flanker interference effects at the uncued
location in Experiment 2A may suggest that the flanker at the
cued location received more attentional resources and caused
more interferences than the flanker at the uncued location



(Lavie and Tsal, 1994



better than hearing subjects in tasks tapping into the early,
facilitatory process of exogenous attentional orienting (



congruent at the response level (“stimulus-incongruent” con-
dition, SI) when they had different colors, but were mapped to
the same response. If the target and the flanker were of
different colors and were mapped to different responses, they
were considered incongruent at both the stimulus and the
response levels (“response-incongruent” condition, RI). Per-
ipheral target detection trials were also added into the experi-
ment, in which a white dot appeared with equal probabilities at
either the cued (inhibited) or the uncued (non-inhibited)
peripheral location and subjects were asked to detect it as
quickly as possible.

5.1.1. Subjects
Twenty-two (10 female, mean age: 21±2 years) hearing
subjects were tested in Experiment 1A. Sixteen congenitally,
genetically deaf subjects (8 female; mean age: 20±1.5 years)
participated in Experiment 1B and had a binaural hearing loss
of >90 dB. All the subjects had no history of neurological
disorders, gave their informed consents and were paid for
their participations. They were all right handed and had
normal or corrected-to-normal vision without color weakness
or color blindness. All subjects were paid for their participa-
tions after the experiment. This study was approved by the



digits. The manipulation of the pre-response and the response
conflicts was carried out by asking subjects to make one
response to letters A
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