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Given the highly dynamic nature of the visual world, the abil-
ity to derive a temporally continuous and accurate percept is 
critical for survival. From driving a car, to crossing a street, to 
catching a ball, most everyday experiences require temporal 
perception so that one can form precise representations, antici-
pate relevant events, and plan and execute corresponding 
actions. The temporal resolution of the adult human visual sys-
tem (i.e., the temporal interval over which the system can inte-
grate or segregate information) varies with the information 
being processed: The temporal limit for mechanisms involved 
in the detection of flicker and low-level (e.g., luminance-
based) motion is higher (up to 60 Hz) than the temporal limit 
for the conscious individuation of changing visual states (up to 
10 Hz; Battelli, Pascual-Leone, & Cavanagh, 2007; Battelli, 
Walsh, Pascual-Leone, & Cavanagh, 2008; Holcombe, 2009). 
For example, neurotypical adults can perceive the flicker of 
fluorescent lights at a frequency of up to nearly 60 Hz, but can-
not isolate and identify the individual flashes that compose the 
flicker beyond frequencies of about 10 Hz. As a result, it is 
impossible to judge whether two fluorescent lights flickering 
at frequencies greater than 10 Hz are in or out of phase relative 
to each other; in such cases, adult observers lose the ability to 
individuate light and dark phases and perceive Gestalt flicker 

fusion, or continuous flickering light (van de Grind, Grusser, 
& Lunkenheimer, 1973).

It has been suggested that the limiting factor that deter-
mines people’s ability to consciously perceive the identity of 
events occurring closely in time is the temporal resolution of 
visual attention. Temporal attention is required for individuat-
ing the components in a changing sequence of events (Battelli 
et al., 2007, 2008). For instance, as people drive, visual input 
changes from moment to moment as a result of their constant 
eye movements and ongoing motion in their surroundings. 
Despite these constant changes, drivers need to be able to iden-
tify individual objects in the environment (e.g., a pedestrian 
stepping into the crosswalk) as belonging to a distinct moment 
in time. If a pedestrian were not individuated in time—if  
the pedestrian’s presence were not recognized as occurring in 
the appropriate moment—drivers might misperceive when 
and where they saw him or her. Accurate identification of 
sequential objects and events is clearly essential for people’s 
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Abstract

Conscious visual perception of the constantly changing environment is one of the brain’s most critical functions. In virtually 
every moment of every daily activity, the visual system is confronted with the task of accurately representing and interpreting 
scenes that change rapidly over time. Adults can judge the identity and order of changing images presented at a rate of up to 
10 Hz (~50 ms per image); this limit reflects a finite temporal resolution of attention. In the research reported here, although 
6- to 15-month-old infants could detect the presence of rapid flicker without difficulty, their ability to segment individual 
alternating states within the flicker was severely limited: Fifteen-month-old infants had a temporal resolution of attention 
approximately one order of magnitude lower than that of adults (~1 Hz). Coarse temporal resolution constrains how infants 
perceive and utilize dynamic visual information and may play a role in the visual processing deficits found in individuals with 
neurodevelopmental disorders.
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coordination of any action in their environment, and the tem-
poral resolution of attention is thought to be the limiting factor 
for such identification.

How well can infants resolve the identity of changing visual 
events? The early development of temporal visual attention is 
not yet understood. Knowledge of infants’ sensitivity to tem-
poral change comes primarily from research demonstrating 
that infants have a visual preference for dynamic over static 
stimuli; this preference has made it possible to measure infants’ 
ability to detect or discriminate flicker or motion (Braddick 
& Atkinson, 2009). The minimum rate at which infants no longer 
show a visual preference for a high-contrast flickering stimulus 
paired with a static stimulus, or the critical flicker frequency, 
reaches a level comparable to that observed in adults (~55 Hz) 
among infants as young as 2 months of age (Dobkins, Anderson, 
& Lia, 1999; Dobkins, Lia, & Teller, 1997; Regal, 1981). 
Although infants have a reduced sensitivity to contrast relative 
to that of adults, their temporal contrast sensitivity reveals that 
they are still able to detect temporally modulated luminance 
information (e.g., moving gratings) as well as adults can by the 
age of 3 months, exhibiting a peak sensitivity to stimuli pre-
sented at 5 to 10 Hz (Dobkins et al., 1999; Dobkins & Teller, 
1996; Hartmann & Banks, 1992; Rasengane, Allen, & Manny, 
1997; Swanson & Birch, 1990; Teller, Lindsey, Mar, Succop, 
& Mahal, 1992). Research has demonstrated that infants have 
a temporal limit for the detection of flicker that is similar to 
that of adults, but the temporal resolution of infant attention 
has yet to be measured. The limit of temporal attention is not 
necessarily challenged or revealed by experiments that mea-
sure detection of visual flicker or auditory gaps (Smith, 
Trainor, & Shore, 2006; Werner, Marean, Halpin, Spetner, & 
Gillenwater, 1992), visual changes (Fletcher-Watson, Collis, 
Findlay, & Leekam, 2009; Oakes, Ross-Sheehy, & Luck, 
2006; Shore, Burack, Miller, Joseph, & Enns, 2006), or the 
causal order of events (Friedman, 2002), because the tasks in 
these experiments can be performed either without temporally 
individuating objects or by relying on low-level cues (e.g., 
luminance transients).

Therefore, the question remains: What is the temporal reso-
lution of infants’ conscious perception of dynamic events? Iden-
tifying this resolution is essential for a basic understanding of 
how infants use visual information to make sense of and act in 
the world—for example, for purposes of scene segmentation, 
motion perception, and motor coordination. In the study reported 
in this article, we determined the temporal resolution of visual 
attention in infants between the ages of 6 and 15 months, using 
eye tracking to psychophysically measure thresholds for indi-
viduating the phase of a flickering stimulus.

Experiment 1: Phase Individuation
Method

Subjects. Ninety-six healthy, full-term infants participated in 
this experiment. They included twenty-two 6-month-olds 

(mean age = 6 months 14 days; 15 boys and 7 girls), twenty-
three 9-month-olds (mean age = 9 months 15 days; 13 boys 
and 10 girls), thirty-one 12-month-olds (mean age = 12 months 
14 days; 20 boys and 11 girls), and twenty 15-month-olds 
(mean age = 15 months 19 days; 15 boys and 5 girls). An addi-
tional 7 infants were tested but excluded from the final analy-
sis because their gaze data were not recorded on at least half 
the trials (4 subjects) or because their data could not be fitted 
to a psychometric function (3 subjects). Infants were recruited 
through flyers, letters to parents, and word of mouth in Davis, 
California. In addition, 4 adult undergraduate students (mean 
age = 21 years 3 months; 2 males, 2 females) participated for 
course credit. The institutional review board at the University 
of California, Davis, approved the experimental protocol, and 
informed consent was obtained for each subject.

Apparatus. The experiment was conducted in a darkened test-
ing room. Stimuli were presented on a 17-in. LCD binocular 
eye-tracking monitor (Tobii Technology, Danderyd, Sweden; 
1024 × 768 pixels, 50-Hz data capture rate, 60-Hz refresh 
rate). The luminance of the LCD display was gamma- 
corrected to minimize luminance nonlinearities. The task was 
programmed and presented using Presentation Version 11.3 
(Neurobehavioral Systems, Albany, CA), and eye-tracking 
data were recorded using ClearView Version 2.7.1 (Tobii 
Technology).

Procedure. Infants were seated on a parent’s or caregiver’s 
lap, approximately 60 cm from the monitor. A five-point cali-
bration routine was used to accurately estimate each infant’s 
gaze position. The task was a four-alternative forced-choice 
(4-AFC) preferential-looking paradigm that used the method 
of constant stimuli. Trials began with a fixation video of a 
dynamic toy, paired with a synchronized sound, that was pre-
sented at the center of the screen for 1 s. Immediately after the 
conclusion of this video (a 0-ms delay), four squares subtend-
ing 2.5° by 2.5° of visual angle were presented 5° to the left 
and right of, and above and below, the center, against a gray 
background (77.24 cd/m2). All four squares underwent square-
wave flicker between white (133.8 cd/m2) and black (0.26 cd/m2) 
states. One of the squares was the target, chosen randomly 
from the four locations, and it flickered 180° out of phase with 
the three distractor squares (Fig. 1). For example, the target 
was always black when the distractors were white, and vice 
versa. Flickering occurred at one of four temporal frequencies: 
0.2, 0.5, 1, or 2 Hz. At slower rates of flicker, the target square 
in the display can be more easily identified because individua-
tion of the alternating black and white states is possible, but at 
frequencies above the threshold for phase individuation, all 
squares appear to be flickering identically (i.e., their phase 
cannot be isolated). Therefore, we predicted that infants would 
be able to perceive the target square and would show a visual 
preference for it only if they could individuate the phase of the 
squares. Trial duration was 5 s, and eight trials were presented 
at each temporal frequency, in random order.

 at UNIV CALIFORNIA BERKELEY LIB on July 20, 2011pss.sagepub.comDownloaded from 

http://pss.sagepub.com/
timsweeny
Highlight

timsweeny
Highlight

timsweeny
Highlight



Temporal Resolution of Infant Attention 3

On the basis of previous research, we selected the follow-
ing temporal frequencies for the flicker presented to the adult 
subjects: 0.1, 5, 7, and 10 Hz. Adult subjects were instructed to 
identify the quadrant of the screen containing the target square 
by pressing a key.

Data coding and threshold estimation. A trained observer 
coded the data off-line using Noldus Observer Version 5.0 
(Noldus Information Technology, Leesburg, VA). A second 
observer coded a randomly chosen 25% of the test sessions, 
and the mean interobserver reliability was high (r = .97). Both 
coders were blind to the location of the target. A fixation was 
defined as a series of gaze points that occurred within a 0.76° 
radius for a minimum duration of 100 ms, and fixation posi-
tion was coded by splitting the screen into four quadrants. 
Total fixation duration was used as the measure of time spent 
looking at each quadrant of the screen. For each trial, a target-
preference score was calculated by dividing the time spent 
looking at the quadrant containing the target by the total time 
spent looking at the four quadrants. Target-preference scores 
ranged from 0 (never looked at the target) to 1 (looked only at 
the target), with .25 considered the chance level. For each 
infant, an average target-preference score was computed for 
each temporal frequency. To obtain individual phase- 
individuation thresholds, we fit a logistic function to the 
target-preference scores as a function of temporal frequency 
using the psignifit toolbox Version 2.5.6 (Wichmann & Hill, 
2001) for MATLAB, applying maximum likelihood as the 
estimation procedure. For adults, an upper asymptote of 1 was 
employed. For infants, because the peak target-preference 
score was .58 at the slowest temporal frequency (0.2 Hz), the 
upper asymptote was fixed at .70, the value corresponding to 
twice the standard deviation of the mean target-preference score 
at 0.2 Hz, in order to improve the fit to the data (Dobkins et al., 
1999). Threshold was defined as the temporal frequency yield-
ing half the asymptotic performance: accuracy of .625 in adults 
and a target-preference score of .475 in infants. (Note that using 
this threshold level is equivalent to using the .75 threshold level 
for a typical 2-AFC task.) A bootstrapping technique that 
included 5,000 replications for each fitted function was used. 

The distributions of thresholds in these replications were used 
to generate 95% confidence intervals for the threshold esti-
mates. Individual threshold values were averaged across 
infants to calculate the temporal phase-individuation threshold 
for each age group.

Results and discussion
Figure 2 presents the average target-preference score as a 
function of temporal frequency for infants in each age group. 
A 4 (temporal frequency) × 4 (age group) repeated measures 
analysis of variance (ANOVA) revealed a significant main 
effect of temporal frequency, F(3, 90) = 148.27, p = .0001, 
η2 = 0.832, and a main effect of age group, F(3, 92) = 8.922, 
p = .0001, η2 = .225. Infants had significantly higher target-
preference scores at lower temporal frequencies, and 12- and 
15-month-old infants had significantly higher target-preference 
scores than did 6- and 9-month-old infants. In addition, the 
analysis revealed an interaction between temporal frequency 
and age group, F(9, 276) = 3.535, p = .0001, η2 = .103; tempo-
ral individuation improved with age. Two-tailed t tests (p < 
.05, Bonferroni corrected for multiple comparisons) were con-
ducted to compare observed performance with chance-level 
performance (target-preference score of .25) at each temporal 
frequency and for each age group. Results confirmed that 
infants in all age groups exhibited a significant preference for 
the target square at flicker rates of 0.2 Hz—6-month-olds: 
t(21) = 8.03, p = .0001; 9-month-olds: t(22) = 8.58, p = .0001; 
12-month-olds: t(30) = 17.21, p = .0001; 15-month-olds:  
t(19) = 11.003, p = .0001—and of 0.5 Hz—6-month-olds: 
t(21) = 3.87, p = .001; 9-month-olds: t(22) = 6.55, p = .0001; 
12-month-olds: t(30) = 11.89, p = .0001; 15-month-olds:  
t(19) = 7.89, p = .0001. However, only 12-month-olds, t(30) = 
3.19, p = .003, and 15-month-olds, t(19) = 5.08, p = .0001, 
showed a preference for the target when the flicker rate was 

Time

Fig. 1. Schematic illustration of a trial in Experiment 1. From left to right, 
the figure shows a frame from the fixation video and three frames from the 
phase-individuation paradigm, in which four flickering squares, one of which 
flickered 180° out of phase with the others, were presented. 0.2 0.5 1 2
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Fig. 2. Results for infants in Experiment 1: mean target-preference score 
as a function of temporal frequency for each age group. Error bars indicate 
standard errors of the mean.
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1 Hz. None of the age groups shows a preference for the target 
square when it flickered at a rate of 2 Hz—6-month-olds:  
t(21) = −0.127, p = .900; 9-month-olds: t(22) = −0.193, p = 
.690; 12-month-olds: t(30) = 0.853, p = .401; 15-month-olds: 
t(19) = 0.989, p = .61. In other words, younger infants were 
able to perceive and consciously individuate the alternating 
states of the squares only up to a flicker rate of 0.5 Hz, whereas 
older infants could do so up to a flicker rate of 1 Hz.

To more precisely evaluate the temporal limit of attention 
in infants in the four age groups, we examined the infants’ 
phase-individuation thresholds in a one-way ANOVA with age 
group as the independent factor. This analysis revealed a sig-
nificant effect of age group, F(3, 93) = 21.00, p = .0001, η2 = 
.409, which reflected higher temporal-frequency thresholds 
(better performance) in the older infants (Fig. 3). Independent- 
samples t tests revealed significantly lower thresholds in 
6-month-olds than in 12-month-olds, t(49) = −1.82, p = .056, 
and 15-month-olds, t(39) = −5.29, p = .0001, and significantly 
lower thresholds in 9-month-olds than in 12-month-olds,  
t(51) = −3.66, p = .001, and 15-month-olds, t(41) = −7.03, p = 
.0001. The thresholds for 6- and 9-month-olds did not differ 
significantly. The Spearman rank order correlation between 
age (in months) and phase-individuation threshold was posi-
tive (rs = .573, p = .0001), a result that further demonstrates 
the developmental trend and confirms that categorizing infants 
into age groups had no effect on the experimental results.

Results for the adults were consistent with previous reports of 
temporal limits of attention in adults. The phase-individuation 
thresholds obtained from the 4 adult subjects ranged from 7.07 
to 8.42 Hz (M = 7.67 Hz, SD = 0.69). Thus, the stimuli used in 
our experiment tapped the same mechanisms of temporal 
attention that experiments described in previous publications 
did (Battelli, Cavanagh, Martini, & Barton, 2003; Battelli  

et al., 2008; van de Grind et al., 1973; Verstraten, Cavanagh, & 
Labianca, 2000).

The failure of younger infants to show a visual preference 
for the target square in displays with faster flicker cannot be 
explained by general inattention or difficulty perceiving the 
squares because overall looking time did not differ signifi-
cantly across temporal frequencies, F(3, 90) = 1.371, p = .201, 
η2 = .024, or age groups, F(3, 92) = 1.781, p = .157, η2 = .097.

The results from this experiment demonstrate that the rate 
of alternation at which events can be individuated is dramati-
cally reduced in infants, compared with adults; this reduced rate 
reflects a coarser temporal resolution of visual attention. Six- and 
9-month-olds could individuate dynamic events only if they were 
presented at a rate of 0.5 Hz or slower, whereas infants older 
than the age of 9 months demonstrated a robust developmental 
improvement, exhibiting an ability to individuate that began to 
approach the level of adults (Fig. 3). This pattern is consistent 
with the developmental timeline of significant neuroanatomical 
and metabolic changes, such as increased myelination in cortical 
areas, that have been shown to increase the efficiency of neural 
processing (Kinney, Brody, Kloman, & Gilles, 1988).

Experiment 2: Flicker Contrast Detection
Detection of luminance transients generated during the contrast 
reversal of the flickering squares in Experiment 1 was a prereq-
uisite for identifying the out-of-phase square. The findings of 
Experiment 1 might therefore be interpreted as reflecting young 
infants’ inability to perceive rapid luminance changes, perhaps 
because of immaturities within lower-level visual areas respon-
sible for simple contrast detection. In Experiment 2, using a 
procedure similar to that of the control experiment Battelli et 
al. (2003) conducted with adults, we psychophysically mea-
sured infants’ contrast sensitivity for flicker at a temporal fre-
quency of 10 Hz. On the basis of previous research, we expected 
our infant subjects to be able to detect flicker of a relatively 
high temporal frequency (Atkinson, Braddick, & Moar, 1977; 
Bosworth & Dobkins, 2009; Dobkins et al., 1999); confirming 
that they could do so at a flicker rate of 10 Hz in Experiment 2 
would demonstrate that low-level temporal contrast sensitivity 
was not the limiting factor in Experiment 1.

Method
Subjects. Of the 96 infants who participated in Experiment 1, 
61 also participated in Experiment 2. They included fifteen 
6-month-olds (mean age = 6 months 5 days; 10 boys and  
5 girls), sixteen 9-month-olds (mean age = 9 months 9 days;  
8 boys and 8 girls), twenty 12-month-olds (mean age = 12 
months 19 days; 13 boys and 7 girls), and ten 15-month-olds 
(mean age = 15 months 15 days; 8 boys and 2 girls). Eleven 
additional infants were tested but excluded because insuffi-
cient gaze data were recorded for threshold estimation. Exper-
iments 1 and 2 were presented in a counterbalanced order and 
were completed in a single testing session.

Age Group

P
ha

se
-In

di
vi

du
at

io
n 

Th
re

sh
ol

d 
(H

z)

6
Months

9
Months

12
Months

15
Months

Adults
0.1

1

10

Fig. 3. Results from Experiment 1: mean phase-individuation threshold on a 
log scale as a function of age group. Threshold was defined as the temporal 
frequency yielding accuracy of .625 in adults and a target-preference score 
of .475 in infants.  A lower threshold signifies a lower resolution of temporal 
attention. Error bars indicate standard errors of the mean.
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Apparatus. The apparatus in this experiment was identical  
to that of Experiment 1. Stimuli were generated using the 
Vision Shell PPC graphics libraries (Comtois, 2003), and 
stimulus presentation was controlled by an Apple G4 Power 
Macintosh.

Procedure. Infants’ contrast sensitivity was determined using 
a 2-AFC preferential-looking paradigm that used the method 
of constant stimuli (for a description, see Farzin et al., 2008). 
The stimulus consisted of a vertically oriented Gabor patch 
with a single luminance-defined sinusoid; the Gabor patch 
subtended half of the monitor (12.8° × 9.6°). Spatial frequency 
of the sine wave was 0.2 cycles/°, and the phase of each Gabor 
reversed sinusoidally at a rate of 10 Hz (see Fig. S1a in the 
Supplemental Material available online). Four levels of 
Michelson contrast (the difference between the maximum and 
minimum luminance of the grating, divided by their sum) 
were presented (0.14, 0.19, 0.28, and 0.42); each level was 
presented on 10 trials, and trials were ordered randomly. The 
stimulus appeared on either the left or the right half of the 
screen (side was counterbalanced across trials) and was pre-
sented within a 3-s Gaussian window, fading in and out of 
view. The nonstimulus half of the screen was equiluminant 
gray. Between trials, a 1° attention-getter was presented to 
reorient infants’ fixation to the center of the screen.

Data coding and threshold estimation. Coding was the 
same as in Experiment 1, with the following exceptions. Fixa-
tion position was coded as left or right of center, and total fixa-
tion duration was used as the measure of time spent looking at 
the left and right sides of the screen. A visual-preference score 
for each trial was calculated by dividing the time spent looking 
at the side of the screen with the stimulus by the total time 
spent looking at both sides. Visual-preference scores ranged 
from 0 to 1, with .5 considered performance at the chance 
level. Trials in which no fixations occurred (on average, 6% of 
trials per infant) were considered missing trials and were not 
given a preference score or included in the final analysis. For 
each infant, a mean visual-preference score was calculated for 
each contrast level.

Contrast sensitivity was obtained by fitting a logistic func-
tion to individual infants’ average visual-preference scores as 
a function of contrast, using the psignifit toolbox for MAT-
LAB. Threshold was defined as the contrast yielding a score of 
.75, and sensitivity was computed as the inverse of the thresh-
old. Sensitivity values were log-transformed to conform to 
normal distributions (Graham, 1989).

Results and discussion
Visual-preference scores from all infants indicated that at the 
highest contrast presented (0.42), the flickering gratings were 
reliably perceived well above the chance level (M = .94, SD = 
.14). This finding confirmed that infants were able to detect 
flicker with near-perfect accuracy when the contrast was high. 

Overall, temporal contrast sensitivity did not differ across the 
age range from 6 to 15 months, F(3, 60) = 0.565, p = .640, 
η2 = .022 (see Fig. S1b in the Supplemental Material). This 
finding is consistent with studies that have demonstrated that 
the rate at which contrast sensitivity develops slows by age  
6 months (Dobkins, Bosworth, & McCleery, 2009), and that 
luminance contrast sensitivity, in particular, is more closely 
tied to preprogrammed mechanisms than to visual experience 
(Bosworth & Dobkins, 2009).

The flickering squares used in Experiment 1 were at nearly 
100% contrast, a level of contrast substantially higher than the 
contrast-detection thresholds (M = 28%, SD = .09) found in 
Experiment 2; thus, the infants must have been able to per-
ceive the flicker in the squares presented in Experiment 1, 
even in the case of the squares that flickered at the fastest rate. 
We intentionally employed different stimuli and paradigms in 
Experiments 1 and 2 because the two experiments were 
designed to independently measure different levels of process-
ing: low-level temporal contrast sensitivity and high-level 
attentional resolution. Therefore, we attribute the results of 
Experiment 1 to infants’ inability to temporally individuate the 
alternating states of the flicker as a consequence of their 
reduced resolution of temporal attention, rather than to limited 
visibility of the flickering stimuli.

General Discussion
The visual world is highly dynamic: Visual scenes are con-
stantly changing as a result of the movement of objects and 
fast and frequent eye movements. Observers must therefore 
accurately and reliably assign identity to rapidly changing 
events. In adults, the ability to perceive and individuate chang-
ing events is limited to rates no faster than 7 to 10 Hz. This 
limit has been taken as a measure of the temporal resolution of 
visual attention (Battelli et al., 2001, 2007; Verstraten et al., 
2000). The present study is the first to characterize the tempo-
ral resolution of visual attention in infants, as well as its devel-
opmental course.

We measured temporal frequency thresholds at which an 
out-of-phase flickering stimulus could be identified by infants 
ages 6 to 15 months. Our data establish that the resolution of 
temporal visual attention is strikingly poor in infants: Six- and 
9-month-olds could individuate alternating states of flicker up 
to a rate of only 0.5 Hz, and the limit for 15-month-olds was a 
rate of 1 Hz. Thus, the temporal resolution of 15-month-olds 
was almost 8 times coarser than the resolution observed in 
adults presented with the same stimuli. Despite this reduced 
temporal resolution of attention, the infants were able to per-
ceive the presence of rapid flicker at a rate of 10 Hz. These 
findings indicate that temporal attention develops more slowly 
than temporal vision, and that this protracted development is 
specific to the selection of individual event identity in time. 
Furthermore, the shape of the developmental function of 
infants’ temporal phase individuation was markedly different 
from that of the developmental function of contrast detection, 
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showing a significant effect of age only for selection of the 
out-of-phase flicker; thus, individuation of temporal phase 
relies on a mechanism independent of low-level temporal res-
olution. We therefore conclude that the temporal resolution of 
visual attention is coarse in infancy and undergoes an extended 
period of development beyond the 1st year of life.

This coarse temporal resolution has implications for how 
infants interact with, and thereby learn from, their visual envi-
ronment. Temporal segregation and integration of discrete events 
likely play a role in infants’ eye, head, and body movements dur-
ing activities ranging from anticipating the trajectory of a mov-
ing object in order to plan and execute the timing of a reach, to 
perceptually binding synchronous temporal events (e.g., audible 
speech and mouth movements) across space. In the auditory 
modality, fine temporal resolution is known to be especially 
important during language development, as the rate of individual 
speech sounds needs to be processed so that one can detect and 
discriminate phonemes, words, and sentences (Jusczyk, Rosner, 
Reed, & Kennedy, 1989).

Converging findings from transcranial magnetic stimulation 
studies and studies of neurotypical adults and brain-lesion 
patients have shown that the temporal limit of visual attention is 
likely set at a high level in the visual system. These findings 
have led researchers to propose the existence of a “when” path-
way that is localized in the right parietal lobe (Battelli et al., 
2007, 2008). The “when” visual pathway has been character-
ized by its functional role in temporal processing of midrange 
timescales (50 ms–1 s). The perception of most immediate, 
ongoing visual events occurs over such midrange timescales 
(Battelli et al., 2007), which are considerably longer than the 
timescales for the localization of flicker (Holcombe, 2009) or 
sound (Mauk & Buonomano, 2004), for example, and consider-
ably shorter than the timescales for cognitive temporal judg-
ments, such as the experience of elapsed time.

Our findings concerning the development of temporal reso-
lution of attention may bring researchers closer to understand-
ing the functional development of the proposed “when” 
pathway and, more generally, the right parietal cortex. Little is 
known about when and how the parietal cortex develops, but 
some studies using positron emission tomography (Chiron  
et al., 1992; Chugani & Phelps, 1986) and MRI (Geidd et al., 
1999) have provided evidence that parietal areas mature sub-
stantially between the ages of 3 and 6 months (Gilmore & 
Johnson, 1998), and that general changes in cortical thickness 
begin in the 1st year and extend into preadolescence (Gree-
nough, Black, & Wallace, 1987). It is therefore possible that 
development of parietal cortex cytoarchitecture, including 
synaptic and axonal pruning and myelination, contributes to 
more stable connections between parietal cortex and other 
areas involved in temporal perception.

Our results may also advance the understanding of the pos-
sible consequences of delayed or atypical development of tem-
poral visual attention. Abnormally coarse temporal resolution early 
in life likely has consequences for the development of visual 

functions that require precise temporal sensitivity, including 
motion perception, attention deployment, and tracking. These 
processes have been reported to be impaired in multiple neuro-
developmental disorders, including fragile X syndrome, Williams 
syndrome, and autism (Atkinson et al., 1997; Farzin et al., 2008; 
Kaiser & Shiffrar, 2009; Kogan et al., 2004). Further studies are 
needed to investigate the relationship between temporal visual 
attention and the atypical development of perceptual, cognitive, 
and motor skills characteristic of individuals with these and 
other disorders.
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