Journal of Deaf Studies and Deaf Education, 2016, 122-128

doi:10.1093/deafed/env054
Advance Access publication December 10, 2015
Empirical Manuscript

EMPIRICAL MANUSCRIPT

Foveal Processing Under Concurrent Peripheral Load
in Profoundly Deaf Adults

Matthew W. G. Dye

Rochester Institute of Technology/National Technical Institute for the Deaf

Correspondence should be sent to Matthew W. G. Dye, National Technical Institute for the Deaf, Rochester Institute of Technology, 52 Lomb Memorial
Drive, Rochester, NY 14623 (e-mail: mwddls@rit.edu).

Abstract

Development of the visual system typically proceeds in concert with the development of audition. One result is that

the visual system of profoundly deaf individuals differs from that of those with typical auditory systems. While past
research has suggested deaf people have enhanced attention in the visual periphery, it is still unclear whether or not

this enhancement entails deficits in central vision. Profoundly deaf and typically hearing adults were administered a
variant of the useful field of view task that independently assessed performance on concurrent central and peripheral
tasks. Identification of a foveated target was impaired by a concurrent selective peripheral attention task, more so in
profoundly deaf adults than in the typically hearing. Previous findings of enhanced performance on the peripheral task
were not replicated. These data are discussed in terms of flexible allocation of spatial attention targeted towards perceived
task demands, and support a modified “division of labor” hypothesis whereby attentional resources co-opted to process

peripheral space result in reduced resources in the central visual field.

A fundamental property of the human brain is its plasticity—the
ability to reorganize in the face of new or altered experiences. In
the case of individuals who are born severe-to-profoundly deaf
(a hearing loss greater than 75 dB in the better ear) it is now well
known that the visual system can compensate for a lack of audi-
tory input (Bavelier, Dye, & Hauser, 2006; Pavani & Bottari, 2012).
There now exists a substantial body of research suggesting that
individuals who are born profoundly deaf are better able than
their hearing peers to process information in the visual periph-
ery. Evidence for this has come from several studies which have
reported differences in orienting of visual attention (Bosworth &
Dobkins, 2002; Bottari et al., 2008; Colmenero, Catena, Fuentes,
& Ramos, 2004; Parasnis & Samar, 1985; but see Dye, Baril, &
Bavelier, 2007), leading to the suggestion that deafness may result
in very rapid shifts of visual attention in response to exogenous
cues (Colmenero et al., 2004). Other researchers have examined
the size of the attentional fields of deaf observers, measuring
how widely attentional resources are distributed to the periph-
ery. For example, Stevens and Neville (2006) used kinetic perim-
etry to look at the size of visual fields within which deaf and

hearing adults could detect a target. They reported larger visual
fields in deaf adults than in hearing controls. Buckley, Codina,
Bhardwaj, and Pascalis (2010) used another form of perimetry
with the same results—deaf adults could detect the appearance
of a target further out into the periphery than could hearing
adults. Taken together, this body of research has provided com-
pelling evidence for enhanced processing of objects in the visual
periphery as a result of early, profound deafness.

None of these studies, however, assessed the fate of stimuli
in the central visual field under conditions where task demands
required responses to peripheral stimulation. In one of the ear-
liest studies of visual processing in the deaf, Loke and Song
(1991) reported that deaf adolescents were faster than hearing
adolescents at detecting the onset of peripheral targets at 25°
of visual angle from fixation, but did not differ in how quickly
they detected centrally presented targets. In their study, cen-
tral and peripheral targets were never presented together, but
were presented in isolation with central or peripheral target
locations determined randomly from trial-to-trial. Quittner,
Smith, Osberger, Mitchell, and Katz (1994) and Smith, Quittner,
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Osberger, and Miyamoto (1998) used continuous performance
tests to examine how well deaf children could attend to
sequences of visual stimuli presented at fixation. Their finding
that deaf children were less able than hearing children to isolate
target sequences within long streams of visual information led
them to suggest that deafness results in a deficit in visual selec-
tive attention. This was interpreted as either due to a lack of
auditory information and poor subsequent multisensory inte-
gration (see Conway, Pisoni, & Kronenberger, 2009 for a more
recent formulation of this hypothesis) or to a redistribution of
finite attentional resources across the visual field, allowing the
visual system to take on the additional function of monitoring
peripheral space normally performed by the auditory system
(division of labor hypothesis; Mitchell, 1996). In another study
that involved both central and peripheral stimuli, Proksch and
Bavelier (2002) used a perceptual load task to investigate the fate
of spatial attention that “spilled-over” from a visual search task.
They replicated the finding that, for hearing individuals, leftover
attentional resources are devoted to processing information at
fixation rather than in the periphery. In other words, by default,
hearing people allocate their visual attention to the spatial
location they are fixating (Beck & Lavie, 2005). In contrast, deaf
individuals appeared to devote leftover resources to the visual
periphery, suggesting that deafness results in a change to the
default distribution of visuospatial attention across the visual
field. A more recent study by Dye, Hauser, and Bavelier (2009)
used a variant of the useful field of view task (UFOV; Ball, Beard,
Roenker, Miller, and Griggs, 1988) where observers were pre-
sented with a complex, transient visual display that contained
a central target (at fixation), a peripheral target (located at 20° of
visual angle at one of eight possible locations), and a field of dis-
tracters (Figure 2). Deaf and hearing participants, some of whom
used American Sign Language (ASL) and some who did not, were
asked to both identify the central target (two-alternative forced
choice) and localize the peripheral target on a touchscreen dis-
play. An adaptive three-up/one-down staircase procedure was
employed to compute a threshold—how long did the (backward
masked) display need to remain on the screen in order for the
observer to be 79.4% accurate on both tasks. The data revealed
that deaf observers, whether or not they used ASL, had lower
thresholds for localizing the peripheral target compared with
hearing observers—the deaf needed less stimulus to localize
with the same level of accuracy. This may reflect more veridical
or robust visual representations as a result of increased alloca-
tion of attentional resources in the visual periphery. The effect
of using ASL was not statistically significant, although there was
a trend for signers, deaf or hearing, to also have lower thresh-
olds. This was interpreted as being a result of enhanced periph-
eral visual attention in the deaf that was allocated to potential
peripheral target locations. However, Dye et al. did not compute
thresholds for central task performance during this task. Rather,
trials where the central target was incorrectly identified were
ignored in the adaptive staircase procedure, and the thresholds
were computed solely on the basis of peripheral localization
performance on “center correct” trials. This procedure there-
fore produced a single threshold estimate, which was the time
required to perform the peripheral localization when the central
discrimination was always correct.

An important question that remains unanswered, therefore,
is whether enhanced peripheral processing comes at the cost
of impaired processing of centrally presented information. That
is, does deafness bring about a trade-off between processing of
central and peripheral information—as predicted by a limited-
resource model such as the division of labor hypothesis—or is
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the fate of centrally presented information independent from
enhanced peripheral processing in deaf individuals? The nature
of a trade-off, if any, between central and peripheral process-
ing has significant implications for the development of theory
to explain the changes in visual functions observed in deaf
individuals.

In the study reported here, a modified version of the UFOV
was administered to adults with either severe-to-profound
deafness or normal hearing. Unlike in the Dye et al. (2009) study,
thresholds were computed separately for the central and for the
peripheral task through the use of interleaved staircases. In all,
three tasks were administered (Figure 2). The first task—central
task alone—consisted of only a two-AFC discrimination task
and provided a baseline for discrimination between two objects
presented in the central visual field. The second task—central
and peripheral dual task—also produced a single measure; this
time of an observer’s ability to discriminate between centrally
presented objects and at the same time localize a visual tran-
sient appearing in the periphery. The third and final task—dual
task with distracters—yielded two measures from two tasks:
first, discrimination between centrally presented objects at the
same time as, second, selection and localization of a peripheral
visual transient embedded in a field of distracter items.

Based upon previous studies, we predicted that deaf adults
would outperform hearing adults in the peripheral detection
(selective attention) task (shaded dark in Figure 1). In addition,
as a direct test of the division-of-labor hypothesis, we predicted
that enhanced performance on this attentionally demanding
peripheral task by deaf observers would result in reduced per-
formance on the central discrimination task. Specifically, we
compared stimulus discrimination performance (shaded light
in Figure 1) in the central task alone and dual task with distract-
ers conditions, predicting that there would be a larger drop in
performance from the former to the latter for deaf participants
than for hearing participants.

Central Visual Peripheral Visual

Field Field
Central Task Stimulus
Alone Discrimination
Central and Stimulus Peripheral Detection

Peripheral Dual +

Task Discrimination (pop-out)

Dual Task with
Distractors

Stimulus
Discrimination

Figure 1. The experimental design generated four separate threshold meas-
ures. The central task alone provided a stimulus discrimination threshold for
the central target presented in isolation. The central and peripheral dual task
condition yielded a single, combined threshold for performing the stimulus dis-
crimination at the same time as localizing a peripheral target in the absence of
any distracters. The final dual task with distracters produced two thresholds:
one was for central stimulus discrimination while also performing the concur-
rent peripheral task, and the other was a threshold for the peripheral task when
also performing the concurrent central task. The peripheral detection threshold
from this latter task provided the measure of enhanced peripheral visual selec-
tive attention, and a comparison of the two stimulus discrimination thresholds
provided a measure of the “cost” to central processing performance of that
enhancement.
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Materials and Methods

Participants

All participants were adults aged 18-40 years, right handed, with
no reported visual deficit, neurological condition, or learning dis-
ability. In addition, none of the participants played action video
games for more than 5hr per week (see Green & Bavelier, 2003,
2006 for information about the effect of playing such games on
selective visual attention). Informed consent was obtained from
all participants who were paid for their participation. This study
had ethical approval from the Institutional Review Board at all
collaborating institutions. All participants were paid $10 as com-
pensation for the 30 min required to complete the study.

Deaf Participants

The deaf participants (N = 16) all had severe-to-profound hearing
losses (75 dB HL or greater in better ear) and reported the onset
of hearing loss to be from birth or during the first 6 months of
life. The mean reported hearing loss was 91 dB (SD = 11 dB). Two
participants had received a unilateral cochlear implant (at ages
11 and 13 years), although both reported that they no longer used
the device. There were 5 males and 11 females, with a mean age
of 22.2 years. Based upon the Hollingshead four factor index of
socioeconomic status (Hollingshead, 1975), the mean SES of the
deaf participants was 39 (SD = 10). All deaf participants reported
communicating primarily using ASL, although only eight learned
the language as infants from deaf parents (Information of age of
first exposure to ASL was not obtained. As always when testing
deaf individuals, it is difficult to disentangle the effects of deaf-
ness from those of using a visual-gestural language like ASL.).
A deaf research assistant conducted testing in ASL.

Hearing Participants

None of the hearing participants (N = 18) reported any hearing
loss, and none were familiar with ASL. There were 8 males and
10 females, with a mean age of 20.6 years that did not signifi-
cantly differ from the age of the deaf group [t(32) = 1.38, p > .05].
The mean Hollingshead SES score of the hearing participants
was 51 (SD = 9), which was significantly higher than that of the
deaf group [t(32) = 3.54, p = .001]. As a result, SES was included
as a covariate in all statistical analyses. A hearing research
assistant, trained in the same lab as the research assistant who
tested the deaf participants, conducted testing in English.

Design

Participants were administered three versions of the UFOV task
that required them to make responses to central and peripheral
targets embedded within a visual display.

The central target was a yellow emoticon “smiley” face
subtending 2.0° of visual angle. The face had either “short” or
“long” hair (Figure 2) and was located in the center of a circular
gray field with a diameter of 45° of visual angle. “Short” targets
had a hair length of 0.16° visual angle, and “long” targets had
a hair length of 0.27°0of visual angle. Participants were required
to make a two-AFC identification, and report the identity of
the target either verbally (hearing participants) or in ASL (deaf
participants).

The peripheral target was a five-pointed star in a circle
located at 20° of visual angle from the center of the same cir-
cular gray field (and located near the edge of that circular field).

Figure 2. The dual task with distracters required participants to make a fine
discrimination judgment based upon emoticon faces presented at fixation and
then indicate the peripheral location of a simultaneously presented target at
20° of visual angle. The peripheral target was embedded in a field of distracters
(white squares), ensuring that the target did not “pop out” and that selective
attention was required for successful localization.

The circle had a diameter of 2.0° of visual angle. On each trial
containing a peripheral target, a single such target appeared at
one of the cardinal (0°, 90°, 180°, 270°) or inter-cardinal (45°, 135°,
225°,315°) locations around the edge of the gray circle (Figure 2).
The peripheral task required participants to touch the screen in
order to report the location of the peripheral target.

A nonparametric adaptive method was used, whereby the
length of time that a target was on the screen (before being
masked) was determined based upon accuracy in preced-
ing trials. This adaptive method, the same as that reported by
Dye et al. (2009), was a transformed up-down staircase method
(Levitt, 1970; Treutwein, 1995). In order to estimate the stimulus
duration required for a participant to achieve 79.4% accuracy,
a three-up/one-down staircase was used (Levitt, 1970): after
three correct responses, the stimulus duration was reduced by
one frame (60 Hz vertical refresh rate), and after one incorrect
response it was increased by the same amount. The threshold
was estimated by averaging the stimulus duration at the last
eight reversals of the staircase (Wetherill & Levitt, 1965).

Central Task Alone

In the first of three tasks, only the central target appeared on
each trial. The starting screen consisted of the gray circular field
in the middle of the screen, positioned over a black background.
Prompted by a fixation square at the center of the gray circle,
the participant initiated each trial with a press of the space bar.
On each trial, the fixation square was replaced by the central
target (initial stimulus duration was nine frames), which was
itself then replaced by a white noise mask subtending the whole
screen. The identity (“long” or “short”) of the central target was
determined randomly for each trial. The adaptive staircase pro-
cedure continued until either (a) 72 trials were completed, (b)
12 reversals in the direction of the staircase had occurred, or
(c) 10 consecutive trials with stimulus duration of one frame
were responded to correctly. Each participant’s threshold was
estimated by averaging the stimulus duration at the last eight



reversals in the observed staircase. This threshold provided an
estimate of each participant’s ability to attend to and success-
fully identify a visual target at fixation with 79.4% accuracy.

Central and Peripheral Dual Task

The second task differed from the central task alone by the addi-
tion of the peripheral target. The central and peripheral targets
appeared simultaneously, and participants were instructed to
first respond to the central target (“long” or “short”) and then
respond to the peripheral target by pointing to its location on the
screen. The identity of the central target and the peripheral tar-
get location were determined randomly for each trial. The initial
stimulus duration was nine frames, and the adaptive staircase
determined the duration of subsequent stimulus displays. For the
purposes of the staircase procedure, a trial was considered cor-
rect if the participant correctly identified the central target and
correctly pointed to the location of the peripheral target. If either
response was incorrect, then the trial was considered to be incor-
rect. The termination rule for was the same as for the central task
alone. The threshold was computed in the same way as for the
central task alone, providing an estimate of the stimulus duration
required for each participant to successfully perform both tasks
at the same time with 79.4% accuracy. This task was compared
with performance in the center task only condition, in order to
determine whether dual task demands affected deaf and hear-
ing participants disproportionately. This task produced a single
threshold derived from performance on both tasks. Therefore,
performance on this task could not be compared with thresholds
obtained from the dual task with distracters condition, where
central and peripheral thresholds were assessed independently.

Dual Task With Distracters

On the third, and final, task each trial contained both a central
and a peripheral target. However, on each trial there were dis-
tracters located along each of the eight response axes (Figure 2).
The distracters were white line drawings of squares, each sub-
tending 2.0° of visual angle. In addition, each trial was sampled
from one of two independent staircases. For the central identi-
fication staircase, a correct response was one where the central
target was correctly identified, and the peripheral target was
accurately localized; an incorrect response was recorded when
an error was made identifying the central target, but where the
peripheral target was accurately localized; and all trials where
the peripheral target was incorrectly localized were ignored. For
the peripheral localization staircase, the inverse was true—trials
where the central identification was incorrect were ignored, and
trials were classified as correct if the central discrimination and
peripheral localization were both accurate, and incorrect other-
wise. Thus, the central identification threshold was not influ-
enced by incorrect peripheral localization, and the peripheral
localization threshold was not influenced by incorrect central
identification. Rather than first completing one staircase and
then the other, they were interleaved, such that the staircase
from which the next trial was selected was determined ran-
domly for each trial. Thus, if a participant prioritized the central
task, then their threshold for the central identification staircase
would converge on a lower threshold, whereas their independent
threshold for the peripheral localization task would converge at a
much longer duration (and vice versa).

The termination rule for both staircases was the same as
for the central task alone, although the procedure continued to
sample from both staircases until termination criteria had been
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met for both staircases. These additional trials for the staircase
that converged first were ignored when computing thresholds.
The average stimulus duration at the last eight reversals was
averaged for each staircase to provide two thresholds: one an
estimate of the stimulus duration required for 79.4% central
identification accuracy (when peripheral localization was 100%
accurate), the other for peripheral localization accuracy (when
central discrimination was 100% accurate).

Procedure

After obtaining written informed consent, participants were
seated and asked to keep their head still in a head- and chin-
rest positioned 30cm from a touchscreen display in order to
maintain the appropriate visual angles. The central task alone
was administered first, and participants were instructed to
maintain fixation on a small square at the center of the screen.
On each trial, the fixation square was replaced with the central
target and participants were asked to speak (hearing) or sign
(deaf) the identity of the target (“short” or “long”). The experi-
menter entered their response via a keyboard. Next, the central
and peripheral dual task was administered, with participants
instructed to first respond with the identity of the central target,
and then touch the location on the screen where they thought
the peripheral target had appeared. The dual task with distract-
ers was the final task administered. Participants were instructed
to ignore the white squares on the screen, and to just respond
as they had for the central and peripheral dual task—first with
the identity of the central target, and then the location of the
peripheral target. For all tasks, participants were told to respond
as accurately and as quickly as possible.

Results

Performance in the Absence of Distracters

Thresholds from the central task only and central and periph-
eral dual task conditions were logl0 transformed and entered
into a mixed 2-way ANOVA with task (central only, central
plus peripheral) as a within subjects factor and group (deaf,
hearing) as a between subjects factor. SES was included as
a covariate in this and all other analyses, as the deaf partici-
pants had lower self-reported socioeconomic backgrounds
than the hearing participants. The main effect of task was
not statistically significant: F, (1, 31) = 0.74, p = .396, partial
1? = .02. Nor did the effect of task differ as a function of group:
Foemaction (1, 31) = 2.44, p = .128, partial 2 = .07. Finally, the thresh-
olds of deaf participants did not significantly differ from those
of hearing participants: F, (1, 31) = 0.12, p = .737, partial v’
< .01. The untransformed threshold data (in milliseconds for
comparison with Dye et al., 2009) are reported in Table 1A.

Effect of Distracters on Central Identification

In order to examine the effect of a concurrent peripheral load
on central target identification, the difference was computed
between the central task alone threshold and the central task
threshold when performing the dual task with distracters (Table
1A,B and Figure 3). This difference score represents the increase
in threshold (performance cost) due to concurrently localizing
a peripheral target in a field of distracters (Due to the blocked
nature of the design and the fixed order of administration, the
difference score may also partially represent a fatigue effect. It
is assumed here that fatigue is random and does not differ as a
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function of group.). The difference scores were log10 transformed
and entered into a planned comparison with group (deaf, hear-
ing) as a between subjects factor. There was a significant differ-
ence between the deaf and hearing groups in terms of how much
the concurrent peripheral localization task impaired central
identification performance: F, (1,31) =7.72, p = .009, partial v’
=.20. For deaf participants, the mean difference score was 24ms
(SD = 16), and for the hearing participants it was 13ms (SD = 9).

Effect of Deafness on Peripheral Localization With
Distracters

Finally, we sought to determine whether the decrease in cen-
tral identification performance under peripheral load was
accompanied by an improvement in peripheral localization in
the dual task with distracters condition (Table 1B and Figure 3).
Contrary to expectations, a planned comparison of log10-trans-
formed peripheral localization thresholds revealed no signifi-
cant difference between the deaf and hearing participants: F,
(1, 31) = 1.62, p = .212, partial n? = .05). The mean threshold for
deaf participants was 121ms (SD = 28), and for hearing partici-
pants it was 105ms (SD = 35).

Table 1. Threshold data (in milliseconds) for the central and periph-
eral tasks (with and without distracters)

Deaf Hearing
Task (N = 16) (N =18)
A. No distracters
central task only M (SD) 26 (14) 29 (10)
95% CI 19-34 23-34
Central plus peripheral task M (SD) 45 (25) 38 (8)
95% CI 31-58 34-42
B. With distracters
central task M (SD) 63 (40) 48 (19)
95% CI 42-85 38-57
Peripheral task M (SD) 121 (28) 105 (35)
95% CI  106-136 87-122
70 160
60
50 140
40
% | | 120
20 !
10 100
0 -
Central Only 80
70 60
60 {
50 40
40 I
30 ‘ I 20
20
10 0
0

Central + Peripheral (No Distractors)

Discussion

The primary aim of the current study was to look for the exist-
ence of a trade-off between central and peripheral processing
in deaf and hearing adults. Specifically, it sought to determine
whether enhanced peripheral selective attention in deaf adults,
compared with hearing adults, was at the expense of attention
to information presented at fixation. Such a trade-off would be
predicted by studies such as Proksch and Bavelier (2002), where
deaf adults were more susceptible to response-interference
from peripheral than from central distracters. Previous research
by Dye et al. (2009) reported evidence of enhanced peripheral
selective attention in deaf adults using a variant of the UFOV,
but they could not determine whether or not there was a cost
incurred for centrally presented targets. This study disentangled
performance on a central identification task and a concurrent
peripheral localization task by using separate, interleaved adap-
tive staircases to determine thresholds for each task.

Deaf and hearing adults were equally able to perform the
central identification in isolation, suggesting that any perfor-
mance differences cannot be attributed to a simple inability to
process or attend to targets presented at fixation. When asked
to perform that central identification task while also localizing
a simultaneously presented peripheral target—in the absence
of distracters—there were small increases in thresholds that
were not statistically significant given the current sample size.
Nevertheless, this suggests that the additional task of localizing
a peripheral target did not affect central discrimination perfor-
mance for either deaf or hearing participants. This threshold for
the dual task presumably reflects an upper limit on performance
determined by whichever task was most challenging. The small
increase in threshold beyond that obtained for the central task
alone could be attributed to a more demanding peripheral local-
ization task or to the requirement to process two spatially dis-
tinct stimuli at the same time; this cannot be determined by the
current study.

Adding a field of distracter shapes to the stimulus displays
did result in a significant increase in the size of thresholds
obtained. Central identification thresholds were compared for two

O Deaf U Hearing

Central Peripheral
With Distractors

Figure 3. The left panel shows the thresholds (M + SD in milliseconds) for the central-only (top) and central and peripheral dual task (bottom) conditions. Higher
thresholds indicate that a longer stimulus duration was required in order to achieve 79.4% accuracy. The performance of deaf and hearing participants did not differ on
these tasks, and the increase in threshold observed by adding a peripheral task was not statistically significant. The right panel displays the central task and peripheral
task thresholds obtained in the dual task with distracters condition. Contrary to expectations, the deaf and hearing participants did not differ in the magnitude of their
peripheral localization thresholds. However, as predicted by the division-of-labor hypothesis, the central task thresholds of the deaf participants were more elevated

(compared to the central-only condition) than those of the hearing participants.



conditions: central task alone, and dual task with distracters. The
increase in stimulus duration threshold resulting from adding dis-
tracters and a peripheral task was greater for deaf than for hear-
ing participants. However, and contrary to expectations, this was
not accompanied by superior deaf performance on the peripheral
localization in a field of distracters. Thus, the current study failed
to replicate the original finding reported by Dye et al. (2009).

While differences in spatial task performance between
deaf and hearing populations have often being explained in
terms of differences in the spatial allocation of attention, it
is also possible that perceptual differences play an important
role. One possibility is that by virtue of their deafness, the
visual system of deaf individuals reorganizes and the distri-
bution of receptive field (RF) sizes as a function of peripheral
eccentricity changes. Thus, rather than having a monotonic
increase in RF size with increasing eccentricity (Freeman &
Simoncelli, 2011), the function may be nonlinear, or linear
with a different slope. Assuming RFs in peripheral vision are
smaller in deaf than hearing subjects, deaf observers should
have an easier time resolving the peripheral target from dis-
tracters because it is less likely that the peripheral target and
a distracter would occupy the same RF. Conversely, they may
be more susceptible to crowding in central vision, where hav-
ing relatively larger RFs compared to hearing observers means
that the central target is more likely to occupy the same RF as
distracters. The current study supports the latter interpreta-
tion, but not the former—enhanced peripheral localization in
the face of distracters was not observed. It seems unlikely that
an account based upon only changes in RF size can determine
the pattern of findings across studies, although it is a hypoth-
esis that should be more carefully tested in future studies. An
alternative to a perceptual explanation is one that posits dif-
ferences in visual attention resulting from deafness. Can an
attentional account explain the lack of a peripheral advantage
in this study compared with previous work, most notably that
reported by Dye et al. (2009)? One potentially important differ-
ence between the two studies is that here participants were
explicitly instructed to identify the central target first, before
indicating the location of the peripheral target. Thus, the task
demands may have biased them towards prioritizing the cen-
tral target. Such a prioritization may have manifested itself by
enhancing visual attention at an appropriate spatial scale for
the central identification task (Hopf et al., 2006) at the expense
of enhancing attention at the scale required for the peripheral
localization task. According to the data reported by Freeman
and Simoncelli (2011), the difference in hair length of the cen-
tral target at 0° (0.16° vs. 0.27° of visual angle) would require
attention to operate at the level of individual RFs within V1
(primary visual cortex). For the peripheral target at 20° eccen-
tricity, it is more likely that attention would need to operate
at sites in V2 or V4 (higher level visual areas). By prioritizing a
response to the central target, this may have led to an atten-
tional bias in V1 that precluded attention to the periphery at
higher levels of the visual system. The presence of the periph-
eral task may still have led to some attentional resources
being allocated to the purpose of visual selection in the
periphery. For the deaf participants, this may have been insuf-
ficient to bring about better peripheral localization thresholds
than those observed in the hearing participants, but enough
to draw resources away from the central identification task.
Under this account, the effect of deafness is to enable flexibil-
ity in the allocation of attention across the visual field. Task
instructions, however, may have left the deaf participants in a
visual “no man’s land.”
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What then is the fate of the division-of-labor hypothesis?
The hypothesis may well characterize the relative performance
of deaf individuals under specific conditions—those where
the visual periphery is prioritized over processing of informa-
tion at fixation. Future research will need to carefully assess
whether deafness-related changes are perceptual or attentional
(or both), and the degree of flexibility of the deaf visual system
in response to specific task demands. This will have important
implications for reasoning about the visual performance of deaf
individuals across tasks that range from requiring fine discrimi-
nation in central vision (reading) to tasks requiring processing of
information in peripheral vision (signing) or those that need the
constant, flexible reallocation of resources (driving).

It is important to note other potential sources for the dis-
crepancies in findings between this and previous studies. The
deaf population is highly heterogeneous (Dye & Bavelier, 2013)
with a range of etiologies of hearing loss, differing communica-
tion preferences (visual and auditory), and varied educational
backgrounds. Future studies will also need to carefully docu-
ment potential confounding factors such as IQ, age of first expo-
sure to natural language, and childhood education, as these are
likely to play a more important role in the shaping of visual
attention in deaf individuals.
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