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The development of static and dynamic perception for stimuli re-
quiringdi¡erent levels of neural analysiswas assessedbymeasuring
orientation-identi¢cation and direction-identi¢cation thresholds
for both lower-level [or ¢rst-order (FO)] and higher-level [or sec-
ond-order (SO)] stimuli as a function of age. Results demonstrate
that both lower-level and higher-level perception continue to
develop during school-age years in both dynamic and static
domains.When comparedwith adult levels, dynamic performance

for 5^6-year-olds is signi¢cantly decreased for SO, but not for the
FO perception; however, type of stimulus (FO vs. SO) did not
a¡ect the development of static perception.We therefore suggest
that levels of stimulus complexity should be considered an impor-
tant variable when assessing and making inferences regarding the
typical and atypical development of static and dynamic percep-
tion. NeuroReport 19:225^228 �c 2008 Wolters Kluwer Health |

LippincottWilliams &Wilkins.
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Introduction
Given the importance of assessing the development of
behaviors and tasks involving efficient visual perception
across childhood, a large number of recent studies have
attempted to assess the development of early perceptual
functioning in school-aged children using a variety of
experimental stimuli and procedures [1–4]. The majority of
these studies have operationally defined, evaluated and
compared visual development in terms of either static
(or ventral-stream related) or dynamic (or dorsal-stream
related) perception. These studies, however, did not define
the level at which the stimuli are processed, that is, either by
lower level (detectors operating in the striate visual cortex)
or higher level (neural analysis implicating multiple extra-
striate areas) of processing.

For example, in a recent comprehensive study, a variety of
static and dynamic tasks were used to assess the maturation
of mechanisms underlying ventral-stream and dorsal-
stream-associated functioning [3]. Although important
sensitive periods for each task were advanced, no clear
stream-specific difference during development was evi-
denced. It is important to note that the stimuli used,
however, were considered complex because lower-level
motion or orientation detectors alone are unable to process
the stimuli used, requiring extrastriate processing (e.g.
spatial and spatio-temporal integration) to be resolved [3].

We suggest that to forward hypotheses regarding percep-
tual development, it is advantageous to use an experimental
paradigm that concurrently assesses static and dynamic
processing at different levels of neural analysis, or complex-

ity (i.e. lower-level vs. higher-level processing). To do so, we
measured sensitivity to static and dynamic stimuli using
orientation-identification and direction-identification tasks,
respectively. Complexity was manipulated by using both
luminance-defined [first-order (FO)] and texture-defined
[second-order (SO)] stimuli across different age groups
(from 5 to 6 years through adult ages). FO information is
considered to be simple because it is initially processed by
standard motion/orientation selective mechanisms operat-
ing within the primary visual cortex (or V1), whereas the SO
information can be considered to be more complex because
it recruits more extensive additional processing and neural
circuitry after V1 before its detection [5–7]. In addition, if
presented in static or dynamic forms, the FO and SO
information is initially processed in a comparable manner
by separate feed-forward mechanisms that use similar
principles of detection [8–13]. By using such a paradigm,
it is possible to characterize visual development in terms of
either static/dynamic (stream-specific) or simple/complex
(complexity-specific) variables. We suggest that using this
experimental paradigm is advantageous over previous ones
because the development of visual mechanisms can be
dissociated, and therefore assessed, in terms of either
stream-specific or complexity-specific contexts [14–16].

Methods
Participants
Participants were recruited through advertisements in a
local family magazine in Montreal and from an already
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established database at the McGill Child Laboratory for
Research and Education in Developmental Disorders. A
total of 54 typically developing participants with normal or
corrected-to-normal vision were placed into four age groups
(i) 5–6 years, n¼14, mean chronological age (CA)¼5.897
0.56; (ii) 7–8 years, n¼12, mean CA¼7.8470.53; (iii) 9–10
years, n¼12, mean CA¼10.0570.6; (iv) 18–35 years, n¼10,
mean CA¼24.875.55. Their verbal mental age (Peabody
Picture Vocabulary Test) fell well within norms for their
age [5–6, mean verbal age (MA)¼6.5171.08; 7–8, mean
MA¼8.6771.74; 9–10, mean MA¼11.0872.04]. Participants
were compensated for their time and were instructed that
they were free to withdraw from the study at any time. The
ethics committees of the Department of Education, McGill
University and l’École d’optométrie, Université de Montréal
approved the study.

Stimulus and procedure
Stimulus generation, presentation and data collection were
controlled by an IBM-compatible computer with a 10-bit
Matrox Parhelia 512 graphic card using C + + graphics
program. Stimuli were presented on an 18-inch Viewsonic
E90FB 25 CRT monitor (1280� 1024 pixels), refresh at a rate
of 75 Hz [17]. The mean luminance of the display was
26.0 cd/m2 (u0¼0.1942, v0¼0.4370 in Commission Internatio-
nale de l’Eclairage (CIE) u0 v0 color space). The stimuli and
procedure, which included monitor g correction to minimize
the nonlinearities in the display, were similar to those used
in previous studies [15,16,18]. Gamma correction was
verified using a Minolta CS-100 Chroma Meter colorimeter
on a regular basis.

Testing was divided into two blocks: one for the static
conditions and one for the dynamic conditions (Fig. 1). Each
trial in the static block consisted of a 750 ms presentation of
either a stationary (0 Hz) FO or SO grating presented either
vertically or horizontally. Participants were asked to identify
the orientation of the grating by verbal response (a single-
interval, two alternative forced-choice procedure). The adult
group responded by pressing either of two buttons on the
keyboard. Similarly, each trial in the dynamic block
consisted of a 750-ms presentation of a vertically oriented
FO or SO grating moving either to the left or the right at

2 Hz. Participants were asked to identify the direction of the
grating. Weibull [19] functions were then fitted to the data to
calculate orientation-identification and direction-identifica-
tion thresholds at 75% correct level of performance. Half of
the participants tested in each age group completed the
dynamic block first whereas the other half completed the
static block. The total time taken for each participant to
complete both orientation-identification and direction-
identification testing sessions was approximately 40 min.
All participants, including the adults, were inexperienced
psychophysical observers.

Results
Two separate 4� 2 factorial analyses of variance were used
to assess the effect of age (four levels) and task (two levels)
for the FO and SO conditions separately. As represented by
the solid lines in Fig. 2, thresholds to FO decreased as a
function of age group [F(3.88)¼12.714, P¼0.0001] when
averaged across type of task. Pairwise comparisons, with a
Bonferroni corrected a level of 0.00833, revealed that the
mean adult threshold was significantly lower than that of
the 5–6-year (P¼0.0001) and 7–8-year-olds (P¼0.0042), but
not for the 9–10-year-olds (P¼0.9211) for both static and
dynamic conditions (no age group� task type interaction;
P¼NS). A significant main effect of task type was
evidenced, indicating that thresholds to dynamic FO
information were lower than that of static information
when averaged across age group [F(1.88)¼4.089, P¼0.0462].
N.B. probably owing to a static/dynamic difference found
in the 7–8-year-old age group (P¼0.0047).

Analysis for the SO results (represented by the dashed
lines in Fig. 2) also revealed a significant main effect of age
group [F(3.88)¼13.390, P¼0.0001]. Pairwise comparisons
showed that the adult threshold were significantly lower
only for the youngest (5–6 years) age group (P¼0.0001).
Orientation-identification and direction-identification thre-
sholds decreased at dissimilar rates with age [F(3.88)¼
4.141, P¼0.0085]. An analysis of simple effects of the age
group� task interaction revealed that the interaction was
due solely to a significant direction-identification threshold
increase between the 5–6-year-olds and adult groups

Orientation-identification

Horizontal Vertical Left

First-
order

Second-
order

Right

Direction-identification

Fig. 1 Schematic representation of static (orientation-identi¢cation task; gratings presented either vertically or horizontally) and dynamic stimuli
(direction-identi¢cation task; stimulimoving either to the left or to the right) used in this study for both the ¢rst-order (upper panels) and second-order
(lower panels) conditions. All stimuli were producedby adding (¢rst-order) ormultiplying (second-order) a modulating sinewave to static greyscale noise
set at 40% itsmaximal contrast.
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(P¼0.0001). Thresholds to static SO information were lower
than that of dynamic information when averaged across age
group [F(1.88)¼45.292, P¼0.0001]; no difference between
dynamic and static thresholds was evidenced in the FO
condition.

As the absolute mean differences between the FO and SO
thresholds are not informative owing to their differing
physical attributes, log threshold elevation was calculated
between the adult and the younger groups (5–6, 7–8, 9–10
years) for each condition. Therefore, threshold elevations
found for each condition were equated for by task type
(orientation-identification vs. direction-identification) and
age (Table 1, column ‘Log threshold elevation’). Log
threshold elevations between the FO and SO conditions
for each age group were then compared, representing a
relative difference as a function of complexity (Table 1,
column ‘SO–FO elevation differences’). Consistent with
statistical analysis, the largest differences in SO–FO thresh-
old elevation were found for the dynamic conditions, with
differences decreasing as a function of age. This qualitative
result suggests that stimulus complexity has a differential
effect on static and dynamic perception as a function of age.
Specifically, mechanisms mediating the dynamic SO infor-
mation are significantly less developed at younger ages
(o6 years old) compared with those mediating the FO motion.
A different pattern is evidenced for the static conditions,
where the SO–FO elevations are (i) relatively small across age
group and (ii) do not decrease as a function of age.

Discussion
Previous developmental studies using the FO (or lumi-
nance-defined) and SO (or texture-defined) stimuli have
assessed either dynamic [1,2] or static [3] perception in
isolation, and at a single age group (5-year-olds vs. adults).
Direction-identification thresholds for 5-year-olds were
found to be 2.5� greater than adults for local SO informa-
tion, compared with the FO motion when stimuli were
presented at 1.51/s. These results were interpreted as
evidence for the slower maturation of SO mechanisms [1].

Our dynamic condition results are consistent with these
findings, but only for the 5–6-year-old age group in which
log threshold elevation was E2.8� for the SO condition,
compared with E1.3� for the FO condition, suggesting that
mechanisms underlying SO dynamic information are less
developed at this young age. Unlike previous studies [1,2,4]
we, however, assessed the development of the FO and SO
perception across different ages, and therefore, could
propose critical periods of development in which adult-like
performance is attained. In doing so, we found that SO
motion perception reached adult levels earlier compared
with that of the FO perception (7–8 vs. 9–10 years,
respectively). This finding may be explained within the
context of less efficient SO mechanisms found in adult-level
processing (i.e. [20]), suggesting that less development is
required for the SO mechanisms to reach adulthood
compared with the FO mechanisms.

As static and dynamic perceptions were assessed at
different ages in this study, the relative maturation rates of
dynamic FO/SO mechanisms could be compared. Within
this context, results demonstrate that the difference in
threshold elevation between the SO and FO dynamic
conditions (i) decreases as age increases and (ii) varies
significantly between age groups (5–6 years: 1.565; 7–8
years: 0.305; 9–10 years: 0.298). This relationship is due
primarily to the large difference in relative FO/SO threshold
elevation manifested at ages 5–6 years. As shown in Table 1,
dynamic FO thresholds decrease gradually from the young-
est to adult ages, whereas a sharp decrease in dynamic SO
threshold is evidenced between the 5–6 and 7–8-year age
group (threshold 2.839� and 1.443� that of adults, respec-
tively). This finding can be interpreted as evidence for
(i) the differential developmental trajectories for the FO-
defined and SO-defined dynamic perception and (ii) that
such trajectories are most affected by stimulus complexity
before the age of 6 years.

A previous study has demonstrated that stimulus com-
plexity does not differentially affect threshold elevation
between 5-year-olds and adults using a static, orientation-
discrimination task (lack of a differential FO/SO or

Table 1 Di¡erences in mean log threshold elevation (relative to adult
group) between ¢rst-order and second-order information for each age
group in both static (upper table) and dynamic (lower table) conditions

Age group Condition
Mean log
threshold

Log threshold
elevation

SO^FO elevation
di¡erence

Static condition: orientation-identi¢cation
5^6 years FO 1.868 1.246�

SO 0.620 1.440� 0.194
7^8 years FO 1.843 1.262�

SO 0.713 1.252� �0.010
9^10 years FO 2.230 1.043�

SO 0.773 0.866� 0.112
Adult FO 2.327 ^

SO 0.892 ^ 0
Dynamic condition: direction-identi¢cation
5^6 years FO 1.901 1.274�

SO 0.228 2.839� 1.565
7^8 years FO 2.128 1.138�

SO 0.449 1.443� 0.305
9^10 years FO 2.296 1.055�

SO 0.479 1.353� 0.298
Adult FO 2.421 ^

SO 0.648 ^ 0

FO, ¢rst-order; SO, second-order.

0.001

0.010

0.100

1.000

5–6 7–8 9–10 Adult
Age group (y)

FO Dynamic
FO Static
SO Dynamic
SO Static

Fig. 2 Solid lines represent the orientation-identi¢cation (¢rst-order
static) and direction-identi¢cation (¢rst-order dynamic) thresholds for
the ¢rst-order condition as a function of age group. Identi¢cation thresh-
olds for the second-order orientation (second-order static) and direction
(second-order dynamic) conditions are represented by the dotted lines.
Absolute di¡erences between ¢rst-order and second-order thresholds
are uninformative given that the thresholds are based on dissimilar image
attributes. Where visible, error bars represent the standard error of
themean.
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complexity effect) [4]. Although we used different metho-
dology to assess the FO and SO static perceptions, our
results are consistent in that differential developmental
trajectories for the FO-defined and SO-defined static stimuli
(orientation-identification task) were not evidenced as they
were in the dynamic condition. As demonstrated in Table 1,
as age increased, the difference in threshold elevation
between the SO and FO static conditions (i) remained
relatively low and (ii) did not vary significantly between age
groups (5–6 years: 0.194; 7–8 years: �0.010; 9–10 years:
0.112). This suggests that development of mechanisms
underlying static perception is less affected by stimulus
complexity.

In general, results from both the static and dynamic
conditions in this study are in general accordance with
previous studies [1,4] and suggest the following: the effect
of stimulus complexity is manifested only in dynamic
perception as a function of age, before the age of 6 years.
This finding may have theoretical implications for percep-
tual models describing typical and atypical visual develop-
ment, such as dorsal-stream vulnerability [21,22]. This
working hypothesis is supported by findings using experi-
mental paradigms that do not attempt to equate for levels of
complexity between static and dynamic stimuli [14–16]. Our
results suggest that if a dorsal-stream vulnerability does
indeed characterize typical visual developmental, its con-
sequences on visual performance are only manifested when
(i) complex visual stimuli are used to assess dynamic
information processing and (ii) visual performance is
assessed before about the age of 6 years.

Conclusion
Within the context of typical visual development, these
results suggest that stimulus complexity preferentially
affects dynamic perception as a function of age (before
6 years), and can be considered as a significant confounding
variable when forwarding stream-specific hypotheses.
These results also have implications for understanding the
trajectories of visual development in atypical populations
(e.g. autism, fragile X syndrome and Williams syndrome),
for which dorsal stream vulnerability has been reported
[23–25].
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