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The visual system is generally operationalized in terms
of parallel subsystems that are specialized for transmit-
ting different types of visual information (see Breitmeyer,
1984, and Lennie, 1980, for reviews). The terms transient
and sustained are commonly used in conjunction with ana-
tomical data, whereas the terms magnocellular and par-
vocellular are typically used in anatomical/physiological
research. The transient, or magnocellular, system is fre-
quently considered to be color insensitive, color vision
being the domain of the sustained, or parvocellular, sys-
tem (e.g., Hicks, Lee, & Vidyasager, 1983; Kruger, 1979;
Livingstone & Hubel, 1987). However, while complex
color processing remains a characteristic of the sustained
system, the transient system does demonstrate some ev-
idence of rudimentary color discrimination, such that ac-
tivity may be attenuated under red stimulus conditions.
This property has been demonstrated both anatomically
and psychophysically (e.g., Edwards, Hogben, Clark, &
Pratt, 1996; Wiesel & Hubel, 1966). However, it has been
suggested that transient activity may not only be attenu-
ated by red stimuli but also increased or enhanced by blue
light conditions (Williams, Breitmeyer, Lovegrove, & Gu-
tierrez, 1991; Williams, LeCluyse, & Faucheux, 1990,
cited in Williams & Lovegrove, 1992). This is an intrigu-
ing possibility; no anatomical study has demonstrated
that different colors may differentially influence tran-
sient activity.

Notwithstanding the theoretical arguments, the practi-
cal implications of a transient system that is differentially
influenced by different color stimuli are enormously valu-
able for systems of remediation in dyslexia, the etiology
of which is hypothesized to stem from a transient system
deficit. The evidence presented to support a transient
system deficit in dyslexia is persuasive in its convergence
and includes measures of visible persistence (Slaghuis &
Lovegrove, 1985), contrast sensitivity (Lovegrove, Bowl-
ing, Badcock, & Blackwood, 1980), flicker contrast sen-
sitivity (Brannan & Williams, 1988; Martin & Love-
grove, 1987), flicker sensitivity over spatial frequency
(Martin & Lovegrove, 1987), visual masking (Williams &
LeCluyse, 1990; Williams, LeCluyse, & Bologna, 1990;
Williams, Molinet, & LeCluyse, 1989), coherent motion
(Cornelissen, Richardson, Mason, Fowler, & Stein, 1995),
visual evoked potentials (Lehmkuhle, Garzia, Turner,
Hash, & Baro, 1993; May, Dunlap, & Lovegrove, 1992;
May, Lovegrove, Martin, & Nelson, 1991) and anatomi-
cal evidence (Livingstone, Rosen, Drislane, & Galaburda,
1991). Although the most parsimonious explanation is
frequently the most appealing, the transient deficit theory
is nevertheless not accepted without controversy (e.g.,
Gross-Glenn et al., 1995; Walther-Müller, 1995). Fur-
thermore, there may be a case to be argued for the sug-
gestion that evidence for a transient deficit may not be
uniform but may be associated with one or more dyslexic
categories or definitions.

Transient System Activity, Dyslexia, and Color
Practitioners of colored glasses have claimed some

success in the use of colored lenses and overlays as a re-
medial technique for the scotopic sensitivity syndrome
identified by Irlen (1983). However, consistent with the
proposal that transient activity is differentially influenced
by color stimuli, a simpler connection between color and
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adopted to investigate the proposal that transient system activity is differentially influenced by differ-
ent colored stimuli. The results generally showed no effect of color on transient system activity in ei-
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rather than color was manipulated in a final metacontrast experiment. We discuss the tenuousness of
the proposal that color differentially influences transient activity, exploring its physiological implica-
tions and its durability as a theory of transient activity regarding reading-disability research.



COLOR PROCESSING AND TRANSIENT ACTIVITY 491

reading ability has recently been proposed. A number of
reading studies have demonstrated that broadband blue
light, encompassing a range of wavelengths, increases
reading performance, whereas broadband red light de-
creases reading performance (Greer & Williams, 1995;
Lovegrove & Williams, 1993; Williams, LeCluyse, &
Rock-Faucheux, 1992). Blue light is believed to facilitate
a normal time course in transient processing with reading-
disabled individuals, thereby assisting their reading per-
formance, whereas red light attenuates transient activity,
resulting in a detrimental effect on reading. Recent sug-
gestions have implicated insufficient magno-mediatedfeed-
back to the parvo system as the principal cause of the read-
ing difficulty (Vidyasagar & Pammer, 1999), but it is
still unclear whether these feedback irregularities are
due to latency or content abnormalities in the magno sys-
tem, or both.

However, results from a number of studies manipulat-
ing broadband light conditions are equivocal. Psycho-
physical evidence in normal and dyslexic readers sug-
gesting that transient activity is attenuated by red light
has been demonstrated in measures of metacontrast (Breit-
meyer & Williams, 1990; Williams et al., 1991) and stro-
boscopic motion (Breitmeyer & Williams, 1990), whereas
other studies have demonstrated no effect of red stimuli
(e.g., Breitmeyer & Breier, 1993; Solman, Cho, & Dain,
1991). Similarly, in measures of actual reading perfor-
mance, Williams et al. (1992) found a decrease in read-
ing comprehension when using red overlays on text with
reading-disabled children, but they found no difference
between red and gray overlays in normal readers; how-
ever, other studies have again demonstrated no effect of
red stimuli (e.g., Legge & Rubin, 1986). Similar conflict
exists regarding the influence of blue light on transient
activity and reading ability. For example, Williams et al.
(1992) found an increase in reading comprehension with
blue text for disabled readers, but they found a decrease
in comprehension with normal readers. Greer and Wil-
liams (1995) demonstrated results consistent with an in-
crease in transient activity under blue conditions in mea-
sures of reading comprehension, reading rate, and
temporal order judgment for both dyslexic and normal
readers. Conversely, Solman et al. (1991) found an effect
of perceptual grouping only for normal readers. Conclu-
sions regarding the effect that these color conditions
have on the underlying physiology of the visual system
are also compromised by the fact that color—particu-
larly broadband color—and wavelength are by no means
equivalent. One is a physical quality, whereas the other is
a psychological phenomenon, and each may have different
perceptual and theoretical consequences in this context.

Furthermore, the suggestion that blue stimuli enhance
reading performance is in direct contrast to what is often
reported in the Irlen lens literature. An important aspect
in the reported success of Irlen lenses is the fact that the
preferred lens color chosen by the reading-disabled in-
dividual is idiosyncratic, with colors ranging along al-
most all parts of the spectrum. Notwithstanding the pos-
sibility that the scotopic sensitivity syndrome may be a

separate disorder to transient system dysfunction, given
that researchers in both areas deal with reading-disabled
individuals, one would expect the colored lens literature
to have reported a general preference for shorter wave-
length glasses if it is simply the case that exposure to blue
stimuli increases transient activity, thereby facilitating
reading for dyslexic readers.

In general, therefore, the proposal that transient activ-
ity may be differentially influenced by different color
stimuli is controversial, as is the effect of color on more
complex measures of actual reading performance.

Aims of the Present Study
If we accept that a transient system deficit may un-

derlie some aspects of dyslexia, and it can be clearly
demonstrated that broadband blue-colored text or over-
lays facilitate reading performance, then the possibility
for simple large-scale remediation is enormous. How-
ever, given the discrepancies in the literature, further re-
search is required to explore the suggestion that blue light
and/or display conditions facilitate reading performance
as a result of an increase in the magnitude of transient
cell activity. Many of the aforementioned studies quite
reasonably have used young children and/or a reading-
disabled sample from which to draw their conclusions.
However, given the number of conflicting results, together
with the evidence that the transient system may be his-
tologically different in the dyslexic population (Living-
stone et al., 1991), a stronger justification for a differen-
tial effect of color on transient activity may be made if it
can be clearly demonstrated in a large normal-reading
adult sample, as well as a younger sample of normal and
dyslexic readers. The aim of the present study was to di-
rectly investigate the possibility that transient activity is
differentially affected by broadband colored stimuli in
normal-reading adults, children, and dyslexic children,
using perceptual tasks hypothesized to be directly related
to transient system activity. A strong argument for the use
of colored filters as a reading remediation technique could
be maintained if it can be demonstrated that blue light
increases transient activity and red light attenuates it in
a large adult sample generally uncontaminated by per-
ceptual deficiencies, color vision disorders, or reading
disorders. It is predicted that if color can differentially
affect transient activity to the magnitude required to make
observable differences in reading performance, then
such differences should also be apparent in psychophys-
ical measures of transient activity.

EXPERIMENT 1

Metacontrast has been argued to reflect transient and
sustained interactions, such that the U-shaped function is
directly related to transient-on-sustained inhibition. A
decrease or an increase in the magnitude of the dip in the
U-shaped function is believed to reflect a decrease or an in-
crease, respectively, in the extent of transient-on-sustained
inhibition (ergo, a decrease or an increase in the magni-
tude of transient activity; see Breitmeyer, 1984; Breit-
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meyer, May, & Heller, 1991; Williams et al., 1991). It has
been suggested that due to latency differences between the
transient and sustained systems, maximum overlap be-
tween the transient response of the mask and the sustained
response of the target results in transient-on-sustained
inhibition at approximately 50 msec. Such inhibition re-
sults in a degradation in the perception of the target. At
longer and shorter delays, the latency differences between
the transient response of the mask and sustained response
of the target are insufficient to cause maximum inhibi-
tion or maximum masking effects. Increases in the tran-
sient response of the mask should result in more masking
and an increase in the masking function, whereas an at-
tenuation of the transient response of the mask should re-
sult in a decrease in transient-on-sustained inhibition and
a decrease in masking.

If blue light increases the activity of transient pro-
cessing, and red light attenuates transient processing,
then the U-shaped function in the metacontrast paradigm
under red conditions should result in a flattening of the
function, whereas a deepening of the dip should charac-
terize blue light conditions.

Method
Participants. Twenty-one individuals were recruited through ad-

vertisement in the local paper. Each participant was paid $10 per
experiment. The data for 2 participants was eliminated: one as a re-
sult of a color vision deficit, and the other as a result of a technical
problem. No participant reported visual or cognitive problems that
may have been reminiscent of a reading difficulty, and all had nor-
mal or corrected-to-normal vision and normal color vision.

Apparatus. The target /mask display was adapted from Hogben
and Di Lollo (1984). The target consisted of a 5 3 5 mm square
composed of a 3 3 3 square matrix of points, subtending 0.6º visual
angle (VA). Each point on the matrix consisted of a single pixel dot,
approximately 0.06º VA. On each trial, one of the nine points (ran-
domly determined) in the matrix was missing. The mask formed two
complete 3 3 3 dot matrices, each subtending 0.6º 3 0.6º VA. Each
dot of the two matrices consisted of a single pixel; the dots were
separated by four pixel spaces. The mask was separated from the
target by 4 mm (0.23º VA), and the target was centered between the
two masks (see Figure 1).

The experiment was run on an IBM-compatible 386 PC, running
with a Stealth graphics card. Displays were presented on a generic
brand SVGA color monitor. The dots for each mask were colored
red, gray, or blue (5.4/3, 5.4, or 5.3 cd/m2), specified from a palette
of 64 in Turbo Pascal Version 2. In all conditions, the colors of the
displays were clearly discriminable. Isoluminance was measured

using a standard Tektronix J16 Option 02 Digital Photometer di-
rected at an appropriately colored square presented steadily against
a black background. This method of measurement has been shown
to have results comparable to those obtained using flicker photom-
etry (Pammer & Lovegrove, 2000). The target was neutral gray and
matched in luminance to the gray mask. All displays were presented
on a uniform black surround (measured as 0.01 cd /m2), which
formed the background for the full monitor display.

The Michelson contrast of the display against the black background
in a dark room (<.01 cd/m2) was calculated to be .99 for all conditions.

The target and mask displays were viewed binocularly, and each
was presented on the screen for a variable delay duration, as speci-
fied in the Procedure section below. The display sequence appeared
randomly 1.2º above or below the f ixation point. The delay condi-
tions had interstimulus intervals (ISIs) of 0, 10, 20, 40, 70, 100, and
160 msec. A target-alone condition was used as the baseline mea-
sure. Because the monitor refresh rate was approximately 17 msec,
as measured by a photocell and oscilloscope, a close approximation
to these times were actually used.

Procedure. The participants were familiarized with the displays
through three practice sequences. The first 10 trials consisted of only
the target display; the subsequent 10 trials consisted of both the tar-
get display and the mask display as presented in the actual experi-
mental trials. This was then followed by 20 trials consisting of the
target display and the mask display presented simultaneously (Hog-
ben & Di Lollo, 1984). The third practice set was designed to es-
tablish an individual display duration in order to achieve optimal
responding. In order to establish this stimulus duration criterion,
only the target was presented, and accuracy was required to be be-
tween 80% and 90% correct over 20 trials. If the participant failed
to respond within these limits, the experimenter increased or de-
creased the duration of the target display accordingly until the par-
ticipant was responding within the response criterion. The mask
was presented for the same duration ultimately obtained for the tar-
get. The target display was increased or decreased in 17-msec steps
to a minimum of 17 msec and a maximum of 4 steps (68 msec). As
a result of this manipulation, display durations were idiosyncratic be-
tween participants. However, nonmonotonic metacontrast has been
found over a range of target and mask durations— for example,
100 msec (Merikle, 1977), 60 msec (Bernstein, Proctor, Belcher, &
Schurman, 1974), and 50 msec (Proctor, Nunn, & Pallos, 1983)—
whereas Arand and Dember (1978) varied target duration, keeping
the mask duration constant at 105 msec. Therefore, it was not an-
ticipated that the differences in target and mask durations would in-
fluence the nature of the metacontrast function.

The experiment was divided into two blocks, each block consist-
ing of five sets of 54 trials in which delay conditions and color were
randomized. The participants were given the opportunity to rest
their eyes between the sets and the chance for a longer break between
the blocks. At the beginning of the second block, the participant
was required to respond again to the third set of practice trials in
order to redetermine his/her stimulus duration criterion. Most par-
ticipants improved over the first block, such that the duration of the
displays was generally shorter in the second block of trials; how-
ever, there was no significant difference between the nature of the
masking functions between the two blocks.

Each trial proceeded with a fixation point of one screen pixel ap-
pearing in the center of the screen for 500 msec. The fixation was
followed 1 sec later by the target, which was then followed by the
mask at a randomly chosen ISI. The participants indicated which
dot was missing from the target display via the right-hand numeri-
cal keypad, such that the locations of the nine numbers on the key-
pad corresponded to the nine dots in the target.

Results and Conclusions
Mean scores were generated for each condition for

each participant, and these scores were then averaged over
Figure 1. The target and mask display used in Experiments 1,

2, and 4.
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participants. The scores were then represented relative
to baseline (e.g., Williams et al., 1991). Relative scores
were calculated by determining the difference between
the score for the delay condition and the score for the
baseline in which target and mask were presented simul-
taneously. The mean scores are graphed in Figure 2. A
two-way analysis of variance (ANOVA) performed on
the data (color 3 delay) showed a significant main ef-
fect of delay [F(7,126) 5 7.39, p < .001] but no effect of
color [F(2,36) 5 0.67, n.s.] and no color 3 delay inter-
action [F(14,252) 5 1.27, n.s.]. Error bars have been omit-
ted because inclusion of them would have compromised
the clarity of the graphs. The range of standard error (SE )
over all points was 2.7–3.6. Indeed, the SE for all condi-
tions was consistently around 3, suggesting that the pat-
tern of performance was consistent over all participants.

A polynomial analysis was conducted for each color
condition over delay. The quadratic components were
significant in all conditions (red mask, F 5 7.103, p <
.05; blue mask, F 5 15.836, p < .05; gray mask, F 5
13.822, p < .05).

The results suggest that the presence of the mask de-
creased responding in all conditions. No one color at any
point increased responding above the baseline condition.
The present experiment therefore failed to provide evi-
dence for a differential effect of color on transient activity.

Previous studies (e.g., Williams et al., 1991; Williams
et al., 1990) have been conducted under bright viewing
conditions with very low contrast displays, whereas the
present experiment was conducted in dark conditions
with brighter displays. This difference was necessary be-

cause the present experiment used a small complex tar-
get. As such, a higher contrast between the target and the
background was necessary to make the appropriate tar-
get discriminations. Indeed, informal pilot studies dem-
onstrated that it was impossible to make target discrimi-
nations at very low luminance levels.

Nevertheless, if the effects of color on transient sys-
tem activity are to be adopted as a basis for remedial tech-
niques with reading-disabled children, the results must
be reliable enough to be replicable over different popu-
lations, equipment, and environmental conditions. Ex-
periment 2 was therefore designed to investigate this
issue further by manipulating the conditions under which
the experiment was conducted.

EXPERIMENT 2

Experiment 1 was conducted under dark ambient con-
ditions; however, the nature of the rods and cones in the
visual system and their different sensitivities to light and
color suggest that an interaction between viewing condi-
tions and psychophysical measurements may have been
possible.

Photopic vision refers to light conditions above 10 cd/m2

(Reeves, 1986), whereas scotopic vision refers to light
levels much lower than this—for example, less than
0.01 cd /m2 (Sekuler & Blake, 1985) or 0.001 cd /m2

(Travis, 1991)—and is more sensitive to light across the
spectrum (except at very long wavelengths) than is pho-
topic vision. The ambiguous area here is the mesopic
range of retinal illumination, which spans from the lower
range of photopic conditions to the upper levels of the
scotopic region. In this level of illumination, both the rods
and the cones mediate the visual response, and their rel-
ative contributions to color vision are difficult to assess.
Certainly, the effect on color perception that accompa-
nies the transition from photopic to scotopic conditions
is well known and is referred to as the Purkinje shift.
However, there is little clear knowledge regarding color
perception within the mesopic range—that is, before the
Purkinje shift—and what interactions may be occurring
between rods and cones at this level (e.g., compare Frum-
kes, Sekuler, Barris, Reiss, & Chalupa, 1973, Saugstad
& Saugstad, 1959, Stabell & Stabell, 1976, and Vienot &
Chiron, 1992, for conflicting results). Furthermore, the
sensitivity of the physiological system to color when it is
in a state of flux, or adapting to one state, is even more
uncertain.

Experiment 2 was therefore designed (1) to test the
possibility that the lack of color effect demonstrated in Ex-
periment 1 may reflect ambient lighting conditions and
(2) to address the suggestion that color effects in meta-
contrast are dependent on environmental considerations.

Method
Participants. Thirty-eight students from first- and third-year un-

dergraduate psychology courses at Wollongong University partici-
pated in this experiment. The first-year students received percentage
points toward their end of session mark for participation. The third-

Figure 2. Percent correct relative to baseline as a function of in-
terstimulus interval (ISI) for Experiment 1. ISI was used in this
case, rather than the traditional SOA, because of variable display
durations. SOA necessarily takes into account the length of time
the target is presented; in this experiment, target duration was
manipulated in order to establish criteria for responding. For this
reason, ISI was considered to be the more appropriate measure.
Because each delay condition spanned approximately 20 msec,
and the participants responded between a range of approxi-
mately 10 and 80 msec, an ISI of 220 was arbitrarily chosen to
reflect zero SOA.
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year students participated as part of course requirement. Twenty-
one students participated in the dark condition, and 17 students 
participated in the light condition. Each participant was assessed
according to the procedure in Experiment 1. The results for 2 par-
ticipants in the light condition were removed due to ceiling effects.

Apparatus and Procedure. There were two different experi-
mental conditions: the dark condition and the light condition. The
two conditions differed in terms of their display luminances and
general room luminance. The terms dark and light in this context
refer to the different experimental conditions, whereas photopic and
scotopic refer to the physical luminance. For the dark condition, the
luminances of the masks were as follows: red, 14.5 cd/m2; blue,
14.2 cd /m2; and gray, 14.6 cd/m2. A small tungsten globe in the
corner of the room provided the room illumination.

For the light condition, the display luminances were as follows:
red, 38 cd /m2; blue, 37.5 cd /m2 ; and gray, 38.5 cd /m2 . An over-
head fluorescent light, which was covered with a single layer of
black fabric to reduce the glare, illuminated the room. In all cases,
measurements were based on the photopic luminosity function. The
Michelson contrast between the displays and the screen back-
ground, measured under the respective viewing conditions, were
.99 for the dark condition and .95 for the light condition.

All displays were generated by an IBM-compatible PC, with a
Trident graphics card. The luminance values were measured ac-
cording to the procedure used in Experiment 1. In general, the con-
ditions were such that, in the dark condition, the participant saw a
reasonably bright display in a dim room and, in the light condition,
the participant saw a very bright display in a brightly lit room. In
both conditions, the background screen specif ication was the same,
at RGB(0,0,0). The ambient room luminances were measured to be
1 cd/m 2 for the light condition and 0.01 cd /m2 for the dark condi-
tion. These values were taken from photometer recordings of a black
computer screen under each of the light conditions.

The ISI conditions were as follows: simultaneous target and
mask, 0, 10, 20, 40, 70, 100, and 150 msec. There was also a no-
mask condition. The target and mask display were the same as those
in Experiment 1.

The experiment was conducted according to the procedure used
in Experiment 1.

Results and Conclusions
In all analyses, the data were treated as specified in

Experiment 1.
Again, there was a suggestion of a decrease in masking

with the red mask in the light condition; however, as in Ex-
periment 1, this was not significant [F(2,28) 5 0.56, n.s.].
There was a significant effect of delay [F(7,98) 5 21.77,
p < .001] but no color 3 delay interaction [F(14,196) 5
1.49, n.s.]. Figure 3 illustrates the mean difference scores
relative to the baseline for each color condition.

A significant U-shaped metacontrast function was in-
dicated by the polynomial analysis, which demonstrated
significant quadratic functions for all color conditions
over delay (red, F 5 45.294, p < .001; blue, F 5 39.745,
p < .001; and gray, F 5 35.454, p < .001).

In the dark condition, however, there was a significant
main effect of color, [F(2,40) 5 3.51, p < .05], and a
post hoc comparison confirmed a significant difference
between the red and gray conditions [F(1,20) 5 7.37,
p < .25]. A significant effect of delay was also demon-
strated [F(7,140) 5 16.61, p < .001], but there was no
color 3 delay interaction [F(14,280) 5 0.94, n.s.]. As in
Experiment 1, only a small and consistent range of SE

(2.5–3.8) was produced in each condition, demonstrat-
ing a pattern similar to that in Experiment 1. Relative ac-
curacy by delay for the dark condition is illustrated in
Figure 4.

As with the light condition, the polynomial analyses re-
vealed significant quadratic trends for all conditions (red,
F 5 25.745, p < .001; blue, F 5 36.334, p < .001; and
gray, F 5 52.131, p < .001).

The analyses indicate that there was a significant ef-
fect of color in the dark condition, which was absent in
the light condition. The results for the dark condition sug-
gest that less masking overall is apparent with the red
mask, compared to the blue and gray mask. This is con-
sistent with the original hypothesis, which suggested that
long wavelength light suppresses transient activity, thus
resulting in less masking.

The results of the present experiment, together with
those of other studies (e.g., Edwards et al., 1996), sug-
gest that metacontrast differences on the basis of color
may be obtained most clearly with bright displays on a
dark background in darkened room illumination and re-
flect only a decrease in transient activity with red light.

Metacontrast, however, is a notoriously fickle function;
the nature of the nonmonotonic pattern is dependent on
such interrelated factors as relative luminance intensities
of the displays (Cox & Dember, 1971; Schiller, 1966), spa-
tial contiguity (Cox & Dember, 1971; Lefton, 1973), phys-
ical similarity (Uttal, 1970), retinal eccentricity (Breit-
meyer, 1978; Turvey, 1973), contrast (Alpern, 1953; Fehrer
& Smith, 1962), and general luminance levels (Lefton &
Newman, 1976)—not to mention the fact that the transient-
on-sustained hypothesis is by no means the only candidate
to explain the phenomenon (e.g., Burr, 1984; Di Lollo,
Bischof, & Dixon, 1993; Francis, 1997). It would seem
reasonable, therefore, to adopt another psychophysical
measure designed to simulate transient system activity.
If it is the case that the results reported thus far in this

Figure 3. Percent correct relative to baseline as a function of in-
terstimulus interval for each masking condition in Experiment 2
in the light condition.
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paper are dependent on methodological limitations, we
would expect clear color differences in another measure
designed to reflect transient system activity.

EXPERIMENT 3

Breitmeyer and Williams (1990) adopted an apparent
motion design in which the displays were presented on
isoluminant white, green, or red backgrounds. They found
that the function relating the perception of motion to stim-
ulus onset asynchrony (SOA) decreased with the red
background, relative to the green or white backgrounds.
They explained their results in terms of the suppression
of the transient response by the red background resulting

in a decrease in the perception of motion. Indeed, Slag-
huis, Twell, and Kingstone (1996) presented normal and
disabled readers with a Ternus apparent motion task.
They found a decrease in the perception of group move-
ment over element movement for reading-disabled indi-
viduals, relative to controls, which they similarly inter-
preted to reflect a decrease in transient system activity
for the dyslexic readers. Using a similar Ternus apparent
motion task on isoluminant colored backgrounds in the
present experiment, it was predicted that the perception
of group movement would increase for the blue back-
ground and decrease for the red background, reflecting
increases and decreases, respectively, in transient system
activity.

Method
Participants . Ten individuals from the general and academic

psychology staff pool and the first-year introductory psychology
course at the University of Wollongong participated in the experi-
ment. The first-year students received 0.5 percentage points toward
their final assessment grade for one 30-min session.

Apparatus. The stimuli consisted of three horizontally adjacent
black squares (RGB [0,0,0], < 0.01 cd/m2), each subtending 0.57º VA.
Each square was separated from the adjacent square by 1.7 º VA,
and the entire display sequence appeared 1.4º VA above or below a
fixation square presented in the center of the screen. The displays
were presented on an isoluminant red, blue, green, yellow, or gray
background. The background luminances for all color conditions were
set at 20 cd/m2, and the Michelson contrast was calculated at .99.
These luminance values were consistent with Slaghuis et al. (1996).

The displays were written in Turbo Pascal Version 7 and were
presented on a 486 DX2-66 computer with a standard VGA graph-
ics card using a Barco color monitor. The experiment was con-
ducted in a darkened room, and luminance measures were con-
ducted according to the procedure used in Experiment 1.

Procedure. A display sequence was constructed in the following
way: The first frame consisted of the three squares (A, B, and C),
presented either above or below the fixation point for 54 msec. This

Figure 4. Percent correct relative to baseline as a function of in-
terstimulus interval  for each masking condition in Experiment 2
in the dark condition.

Figure 5. Displays and display sequence used in Experiment 3: apparent motion.
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was followed by an ISI of 0, 17, 34, 51, 68, 85, or 102 msec. The
second frame consisted of three display squares (B, C, and D), po-
sitioned such that Squares B and C spatially overlapped those in the
first frame, and Square D replaced Square A (see Figure 5). The dis-
play oscillated between Frame 1 and Frame 2 until the participant
was satisfied as to whether group or element movement was seen.
With each experimental trial, the participant was instructed to con-
tinue to look at the display until he/she had determined whether
group or element movement was seen. Group movement was defined
as all three squares moving together from left to right; element
movement was def ined as the single outside square alternating be-
tween the left- and right-hand side of the display sequence, giving
a “flicking” or “jumping” effect. On making a decision, the partic-
ipant was required to press the appropriate response key. Each par-
ticipant was told that there were no correct or incorrect answers but
that a response was dependent on individual perception of the event.

At the beginning of each experimental session, the participant
was presented with 20 practice trials, which consisted of only the
longest and shortest ISI conditions. This was to facilitate the per-
ceptions of either clear group or element movement. ISIs were ran-
domized within blocks, and color was randomized between blocks;
two blocks for each color were presented.

Results and Conclusions
The number of group movement responses (out of 20)

was recorded for each participant. A graph of frequency
of group motion by delay is presented in Figure 6. The
mean of these scores over all subjects was entered into a
5 3 7 ANOVA (5 colors 3 7 delay conditions). The results
indicated a significant effect of delay [F(6,54) 5 65.66,
p < .001] but no significant effect of color [F(4,36) 5 0.73,
n.s.] and no color 3 delay interaction [F(24,216) 5
0.98, n.s.].

It was predicted that the frequency of the perception of
group movement would increase with the blue back-
ground and decrease with the red background. However,
it is clear that the manipulation of color was unsuccess-
ful: The perception of group movement was not influ-
enced by background color. These results conflict with
the theory that transient system activity is differentially

influenced by color stimuli, but are consistent with the
results obtained in the metacontrast Experiments 1 and 2.

Interim Summary of Results
The results from Experiments 1 and 2 using colored

masks have demonstrated a trend for masking to decrease
under red masking conditions; however, only in Experi-
ment 2 was this clearly significant. The apparent motion
task similarly failed to demonstrate any effect of color.
Importantly, in all cases, the results clearly demonstrated
the predicted psychophysical function appropriate to the
paradigm: Clear U-shaped functions were demonstrated
in all metacontrast conditions, and a positive function
was demonstrated between ISI and perception of group
motion in the apparent motion task. This would suggest
that the intrinsic theoretical integrity of the methodolo-
gies have been maintained.

Therefore, the results thus far would appear to indi-
cate that, on the basis of a population of adults with nor-
mal reading ability, there is no evidence for the sugges-
tion that transient activity is enhanced under blue light
conditions. Color, therefore, appears not to be a strong can-
didate for influencing transient activity to an extent that
would advocate the use of colored stimuli as a remedial
application for specific reading disability. However, it is
not beyond the realm of possibility that the visual system
in the child and/or reading-disabled child behaves some-
what differently from that of the adult, either in response
to color or transient and sustained interactions that might
result in differential masking effects. Therefore, Exper-
iment 4 was designed to address this possibility by run-
ning the same metacontrast design with both normal and
reading-disabled children.

EXPERIMENT 4

Method
Participants. Twenty primary school children in Canberra par-

ticipated in the experiment. Of this group, 2 children could not get
past the practice trials, and the data for 1 child was removed due to
attentional difficulties. The final samples consisted of 10 control
readers and 7 dyslexic readers, with an average age of 10.4 years
and a range of 8–11.8 years. This group of disabled readers was
classified as reading impaired on the basis of a reading lag of 2 or
more years, with cognitive development within the normal range
and no contributing social, cognitive, or somatic disturbances, as de-
termined through consultation with specialist teachers. General
nonverbal cognitive performance was determined using the RAVENS
Standard Progressive Matrices. The sample of control readers was
of average cognitive development and reading ability as per teacher
recommendation and conf irmed by the same tests. This sample was
matched as closely as possible in terms of gender and age to the ex-
perimental group of readers.

Apparatus. The stimuli were the same as those used in Experi-
ment 1, presented on a 486 PC, running a standard VGA graphics
card. All displays were 7.2 cd/m2, presented on a black background.
Although signif icant effects were found in the brighter conditions
of Experiment 2, the present experiment was also a further attempt
to replicate previous findings from studies using lower luminance
levels.

Procedure. The procedure was fundamentally the same as that
used in Experiment 1, with the following changes: Mask color was

Figure 6. Reported frequency of the perception of group move-
ment by delay, with different colored backgrounds in Experi-
ment 3.
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blocked, with two blocks of 48 trials per color. The ISI conditions
were changed to be more compatible with the screen refresh rate
and were specified as follows: simultaneous presentation, 0, 18, 36,
72, 108, and 144 msec. There was also a no-mask condition. Thresh-
old was achieved by manipulating the luminance of the target. Fur-
thermore, only the four corner dots were missing from the target on
each trial. The target luminance value was initially set at 16.2 cd/m2

for each participant. In this case, luminance manipulations were
adopted rather than timing manipulations, because finer discrimi-
nations in levels were possible, relative to using a set duration scale.
Pilot studies still demonstrated clear metacontrast functions using
this method. The experiment was conducted under mesopic light-
ing conditions, and the children were given a number of opportuni-
ties to break during testing.

Results and Conclusions
In all analyses, the data were treated as in Experiment 1.

An initial ANOVA revealed no significant difference in re-
sponding between normal and dyslexic readers [F(1,15) 5
0.88, n.s.]. Therefore, data were collapsed over reading
groups in order to maximize the number of participants
(see Figure 7). There was no significant difference be-
tween the masking conditions [F(2,32) 5 3.08, n.s.].
Consistent with Experiments 1 and 2, there was a main
effect of delay [F(6,96) 5 11.86, p < .001] and no color
3 delay interaction [F(12,192) 5 1.35, n.s.].

The present results therefore are concordant with those
of Experiments 1 and 2. Mask color had no significant
influence on the pattern of responding for either control
or reading-disabled children.

The traditional view of transient/magno cells is as the
physiological substrate for the transmittance of lumi-
nance information (e.g., Kremers, Lee, & Kaiser, 1992;
Lee, Martin, & Valberg, 1989; Lee, Pokorny, Smith, Mar-
tin, & Valberg, 1990), and, as such, a more parsimonious
explanation may be that color affects transient activity
by virtue of its luminance or contrast components. If this

is the case, then it should be possible to demonstrate an
effect of contrast on a measure such as metacontrast,
which simulates the color differences demonstrated by
other researchers.

EXPERIMENT 5

Method
Participants. Eleven students were again selected from the first-

year psychology course at Wollongong University. The results for
1 student were eliminated from the analysis for ceiling effects.
None of the students had participated in any of the previous meta-
contrast experiments, and all participants were assessed according
to the procedure outlined in Experiment 1.

Apparatus. The experiment was conducted on a 486 DX2-66
computer with a Barco color monitor. The target was white on a
black display and consisted of the same configuration as that used
in Experiments 1 and 2. The mask displays consisted of a pair of
squares measuring 0.8 3 0.8 cm, subtending 0.5º VA. Each mask
square was striped with two light gray and two dark gray compo-
nents, such that the contrast definition of the masks depended on
the composition of the light and dark components (see Figure 8). In
the previous metacontrast experiments of this study, the mask con-
sisted of white dots on a uniform black background. A striped, rather
than a dotted, pattern was adopted in the present experiment be-
cause of the greater ease in calculating space average luminance. In
all other ways, mask specifications were the same as those for Ex-
periments 1 and 2. All displays were presented on a black (RGB
[0,0,0] ) surround of <0.1 cd/m2, and ambient room conditions were
dark (<5 cd/m2). It was considered possible that changing the na-
ture of the mask from a dot to a square wave pattern might change
the nature of the masking function; indeed, Williams et al. (1991)
demonstrated differences in the metacontrast function consistent
with changes in the spatial frequency of the mask. However, pilot
studies for the present experiment demonstrated clear nonmonoto-
nic functions with a square wave mask. Since it is the relative pat-
tern of the functions within an experiment that is at issue, changing
the nature of the mask should not compromise the fundamental prem-
ise of the experiment.

The three mask conditions consisted of a high-contrast mask, a
medium-contrast mask, and a low-contrast mask, the specif ications
of which are presented in Table 1.

Procedure. The practice trials for each experimental procedure
were the same as those in Experiments 1, 2, and 4, as were the task
requirements. Baseline threshold for the third set of practice trials
was set at between 80% and 90% correct. In order to achieve base-
line, luminance values for the target could only be decreased. The
average target luminance for the 11 participants was approximately
10 cd/m2. Target and mask durations were set at 17 msec, and the
SOA conditions (now taking into account the constant target dura-
tion) consisted of 0, 17, 34, 51, 68, 102, and 136 msec. Each ex-
perimental procedure consisted of six blocks of 70 trials: 60 de-
lay presentations at each SOA, and 140 for each mask condition,
with each cell presented 20 times. Mask condition was blocked be-
tween cells.

Results and Conclusions
Data for each participant were collected and analyzed

according to the previous metacontrast experiments. The
results shown in Figure 9 indicated that, as predicted,
masking decreased with decreasing contrast. A 7 3 3
(7 delay conditions 3 3 mask conditions) ANOVA was
conducted on the data, which revealed a significant effect
of contrast [F(2,18) 5 5.83, p 5 .01], a significant ef-
fect of delay [F(6,54) 5 16.26, p < .001], but no contrast

Figure 7. Relative accuracy over delay for red, blue, and gray
masks in Experiment 4. Since no difference was apparent be-
tween control and dyslexic readers, data were collapsed over
these groups.
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3 delay interaction [F(12,108) 5 1.49, n.s.]. Polynomial
contrasts demonstrated significant quadratic components
in all mask conditions (low contrast, F 5 13.93, p < .05;
high contrast, F 5 52.881, p < .001; and medium contrast,
F 5 22.13, p < .001). Post hoc comparisons on the small-
est difference revealed a significant difference between
the medium- and low-contrast mask conditions [F(1,9) 5
10.64, p < .01] at Delay Condition 3 (51 msec) [t(9) 5
3.02, p < .01].

Progressively decreasing mask contrast resulted in a cor-
responding decrease in the metacontrast function. There-
fore, the relative decrease in metacontrast has been demon-
strated—however, not as predicted with an increase in
wavelength but as a result of a decrease in mask contrast.

GENERAL CONCLUSIONS

One aim of this paper was to address some of the in-
consistencies in the literature regarding the effect of color
on transient activity—specifically, the proposal that red
light attenuates transient activity, whereas blue light en-
hances it. This suggestion was explored in the context of
a normal adult population and with normal and reading-
impaired children. Three metacontrast experiments uti-
lized color: In two experiments, the results implied the
predicted effect of a decrease in masking with red light,
whereas, in the other experiment, it was clearly signifi-
cant. The general conclusion from this series of experi-
ments is that, using metacontrast, it may be demonstrated
psychophysically, that red light has a small but demon-
strable effect in reducing the extent or degree of transient
system activity under ideal psychophysical conditions,
which is consistent with historical anatomical evidence.
However, this result is not robust enough to extend to ap-
parent motion. The same psychophysical conditions fur-
thermore failed to show any effect of blue light on tran-
sient system activity. Finally, it was demonstrated that the
change in the metacontrast function was simulated by
decreasing the contrast of the masks. This result suggests
that a confound between color and contrast may have
been a factor in some of the psychophysical studies re-
viewed in the introduction. Therefore, although the find-
ings from the studies reviewed in the introduction would
appear consistent with an explanation in which the tran-

sient system is differentially influenced by different
color stimuli, a more parsimonious explanation is that
broadband blue light influences transient activity by vir-
tue of the luminance and/or contrast information inherent
in the stimuli. There are a number of factors that may
have contributed to this confound. One of these factors
is the issue of contrast in color research. For example,
consistent with Williams and colleagues (e.g., Williams
et al., 1990: Williams et al., 1989), no attempt was made
to equate color contrast over conditions. Therefore, it is
certainly possible that the color contrast of the different
isoluminant display colors may be a mitigating factor in
the present design and is an issue that may become in-
trinsic to subsequent research. Furthermore, one cannot
underestimate the difficulty in attempting to replicate
computer-based experiments, given the variability in
basic hardware specifications that alone can lend itself to
tremendous fluctuations in stimuli criteria (e.g., Harris,
Makepeace, & Troscianko, 1987; Travis, 1991).

Unfortunately, in the present study, a more sophisti-
cated representation of the color stimuli was impossible
due to limitations in technical specifications regarding the
computer monitors. Nevertheless, when it is necessary to
explore such detail in order to explain data discrepancies,
the basic premises of the study fail to be met. If the effect
under question—the effect of blue on transient system ac-
tivity—is critically sensitive to specific visual and envi-
ronmental requirements, it would suggest that the effect,
demonstrated by previous researchers, of blue light on
transient system activity as measured psychophysically is
not robust and is highly situation specific. Therefore, its
use as the basis for remedial applications in such a diverse
population as the specific reading disabled remains ques-
tionable, as does its theoretical significance.

Of course, it is possible that colored displays and/or
stimuli are beneficial to the reading impaired individual
for reasons unrelated to a transient deficit, or may be bene-
ficial to a subgroup of dyslexic readers. For example, Wil-
kins et al. (1992), testing children who have been pre-
scribed Irlen lenses, suggest that vascular disturbances
may exist in some magnocellular cells for some children
with reading difficulties that are more consistent with vi-
sual discomfort. Irrespective of optimal wavelength pref-
erence in the glasses themselves, another explanation
also may lie in a unique utilization of chromatic and achro-
matic information from the photoreceptors by reading
impaired individuals. In such a case, implications regard-

Table 1
Contrast and Space Average Luminance for the High-,
Medium-, and Low-Contrast Masks in Experiment 5

Contrast Mask
Space

Components Average
Light Dark Contrast Luminance

Mask Type (cd/m2) (cd/m2) (%) (cd /m2)

High Contrast 24.2 .3 98 12.25
Medium Contrast 19.6 4.9 60 12.25
Low Contrast 14.2 10.9 13 12.55

Figure 8. Target and mask displays used in Experiment 5.
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ing the effects of color on transient cell activity transcend
broadband color generated by the average computer mon-
itor and may rely on visual processing anomalies of the
individual. Such an explanation would presuppose no
clear effect of color on transient neurones when using rel-
atively unsophisticated color monitors and normal ob-
servers. As such, whenever discussing discrepancies in
results over different laboratories, one cannot ignore the
impact of different samples of participants (Hogben, 1996).
Variations in sample criteria can result in substantial re-
sult variability. It is not implausible to suggest that stud-
ies that have demonstrated significant effects of color on
a reading-impaired population may be exploiting subtle
criteria differences in the sample. For example, Greer and
Williams (1995) report using reading-disabled children
from a specialist cognitive development clinic. Conversely,
the children who participated in Experiment 4 of the pre-
sent study were identified by teachers as reading im-
paired, relative to their peers within the school system. In
other words, for either socioeconomic or personal rea-
sons, their reading impairment was not overt enough to
warrant specialist attention at an independent clinic. It is
possible that children who are referred to specialist clin-
ics may not only suffer from a reading disorder but may
also have elements of other reading-related complaints,
such as visual discomfort.

The results provided in this paper suggest that most
transient/magnocellular cells in normal adult observers
and in reading-disabled and normal reading children are
insensitive to all colors except diffuse red light. This ques-
tions the wisdom of pursuing research into the remedial
implications of broadband color for reading-disabled
children independently of criteria considerations when
the basis of such reports remains a mystery.
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